New use of rochelle salt

FIELD OF THE INVENTION
The present invention relates to new uses of rochelle salt and can be used in the field of

dental care products.

PRIOR ART

The phenomenon of occurrence of electric polarization in crystals as a result of mechanical
strain — or piezoelectric effect — in the recent years has become widely spread in instrumental
dentistry both in dental surgical procedures and in teeth whitening [1-5]. The latter direction is
based on use of ultrasound scalers [1]. Under the impact of electric current materials possessing
piezoelectric properties start to deform. "Inverse piezoelectric effect" is observed. Electric pulses
induce microvibrations on piezoelectric materials that can be used for oral care procedures:
removal of supragingival deposits — dental tartar and plaque, subgingival deposits.

As tooth enamel whitening and tone levelling, removal of pigments from the upper dentine
layer remains one of the most popular and in-demand effects of oral hygiene, and professional
procedures are expensive services and take a lot of time, the authors offer a new approach to teeth
cleaning and whitening as part of daily hygiene also based on piezoelectric effects.

With this aim it is offered to use substances possessing piezoelectric properties -
piezoelectric materials - as components of formulations of whitening toothpastes and other oral
care products [6]. The mechanism of their action during teeth brushing consists in the following.
In the process of daily hygienic procedures a manual or electric toothbrush exert mechanical
impact on enamel. Piezoelectric materials contained in toothpaste are ultra-sensitive to mechanical
vibrations. Electric polarization takes place in such crystals in case of tension and compression in
certain directions. As a result, electric charges of both signs appear on their surfaces. In some
piezoelectric crystals the lattice of positive ions in the state of thermodynamic equilibrium is
displaced with respect to the lattice of negative ions in such a way that the crystals are electrically
polarized even in absence of an electric field. The effect of spontaneous polarization is concealed
with free surface charges present in the medium. The polarization amplitude in this state will be
reduced owing to negative voltage. Deformation of crystals of piezoelectric materials during teeth
brushing can lead to redistribution of electric charges and release of extra-charges from the surface.
As a result of getting into an aqueous medium excessive charges can lead to generation of reactive

oxygen species — *OH and *O?” [7]. Under maximum mechanical strain there is reduction of the



number of bound (polarization) charges. Release of charges will be observed till achievement of a
new equilibrium state by the piezoelectric material [8]. With reduction of the impact (change of
negative voltage to positive one) polarization of the material will increase, respectively, there will
be adsorption by the piezoelectric material of charge carriers isolated from the electrolyte solution.
This process caused by piezoelectric properties will also lead to generation of highly active radicals
*OH or *O*  in the medium. Thus, the principle of whitening effect of the piezoelectric material
in conditions of periodic mechanical impact in an electrolyte medium is based on formation of
reactive oxygen species causing oxidative cleavage of color pigments present on enamel. The
effect is similar to photocatalytic reactions activated by the radiation.

Experimental confirmation of described effects of piezoelectric materials is given in the
study by Wang et al. [6]. It is shown that nanoparticles of barium titanate BaTiO3 (BTO) thanks
to piezoelectric properties enable cleavage of organic colors. The results were obtained in
experiments with a solution of indigo carmine used in the food industry as well as Rhodamine B
under ultrasound impact imitating the teeth brushing process.

Polarized samples of BTO lead to significant enamel tone lightening in case of vibration
during 3 hours, removing staining caused by black tea, blueberry juice, wine and their
combinations [6]. Analysis of micromorphological characteristics of teeth revealed that
piezoelectric whitening is not mechanically destructive for tooth enamel. At the same time it was
shown that treatment with 3% oxygen peroxide exerts more aggressive impact on enamel. The
obtained data prove that with the use of piezoelectric materials formation of highly active radicals
is significantly lower than with the use of 3 % hydrogen peroxide, which prevents the risk of
undesirable impact on enamel during whitening by the given method.

Assessment of Vickers microhardness of tooth enamel did not reveal negative effects
during treatment of teeth with piezoelectric materials.

For BTO piezoelectric material nanoparticles no cytotoxic action was revealed in
experiments for smooth muscle cells of A7r5 rats [6].

In the study by Wang et al. [6] it was confirmed that whitening is basically mediated by
piezoelectric effects. With the use of BTO as an active substance in non-polar and paraelectric
phases when piezoelectric properties are lost the whitening effect of the substance in similar
conditions was negligible [6].

Formation of reactive oxygen species is a key process of piezoelectric cleavage of
compounds. Generation of radicals *OH or *O%" in an aqueous medium at the example of BTO
piezoelectric material was confirmed by the method of paramagnetic nuclear magnetic resonance
spectroscopy. During the experiment the recorded signal was proportional to effectiveness of

cleavage of organic colors.



The method of whitening offered by the authors that is based on use of piezoelectric
materials enables replacing, in formulations of toothpastes, non-soluble abrasive particles with
limited effectiveness and in a number of cases, specifically, in case of continuous systemic impact,
can lead to appearance of scratches on enamel. Use of piezoeffects for enamel whitening, removal
of pigments and deposits surpasses chemical whitening methods based on use of hydrogen
peroxide in terms of safety and convenience of use. It should be noted that piezoelectric material
nanoparticles demonstrate chemical, structural and electric stability, which makes it possible to
introduce them in multicomponent formulations of toothpastes.

Thus, among the methods used in practice, piezoelectric whitening is the safest approach
that enables delicate removal of pigments and effective enamel whitening at home.

Only ionic crystals having no symmetry center possess piezoelectric properties. The value
and nature of piezoelectric effect greatly depends on the material nature as well as orientation of
applied mechanical force (or electric field) in relation to its crystallographic axes[9].

All main kinds of deformations cause a change of the elementary crystal cell volume, but
for most materials these changes are counterbalanced by compression [9]. Maximum deformations
are characteristic for crystals of rochelle salt — crystals of potassium sodium tartrate
KNaC4H40¢'4H>0. Ferroelectric properties, i.e. ability of spontaneous polarization, were revealed
for this substance for the first time. Similar properties are demostrated by potassium dihydrogen
phosphate (KH2PO4). Among crystalline compounds of interest are complex oxides described with
the general chemical formula ABOs3 that have a structure of perovskite type (based on the name of
the mineral CaTiO3) [9]. The crystal of barium titanate BaTiO3 was the first oxide of the perovskite
family where existence of several ferroelectric phases was established [9]. Typical piezoelectric
systems also include hexagonal crystals of wurtzite ZnO, 2D materials of MoS: type, the group of
bismuth derivatives [10]. An example of monocrystalline weak piezoelectric material is quartz.
High piezoelectric properties are characteristic for materials based on zirconate-titanates, niobates
(lead, sodium-potassium) [9].

As regards development of whitening methods and formulation of toothpastes with a
whitening effect one should note mentioning in literature of such piezoelectric materials as zinc
oxide ZnO, strontium titanate SrTi0Os3, barium titanate BaTiOs3, calcium titanate CaTiO3 as well as
rochelle salt [6,11-17]. Zinc oxide and different titanates are offered as activated catalysts [11].
Inclusion of rochelle salt in formulations is offered with different functional applications — as a
compound demonstrating a synergetic effect during whitening in combination with peroxide
compounds, a chelating and another auxiliary agent [12—17].

Analysis of existing whitening methods and experimental data about effectiveness of direct

piezoelectric effect during removal of pigments from enamel shows that inclusion of a



piezoelectric material in toothpaste formulation enables development of a safer at-home teeth
whitening system. Rochelle salt can be the active piezoelectric agent in toothpaste composition
formulations. The substance is characterized with high piezoelectric parameters, a complex of
potential treatment-and-prophylactic and antibacterial effects, has a multi-year history of use as an
auxiliary component in oral care products and a favourable safety profile.

A promising direction in the field of production of toothpastes is developing formulations
of complex-action oral care products, which not only clean teeth surface effectively and have
prophylactic and revitalizing effects for oral cavity tissues, but also have a pleasant taste and
flavouring and do not contain components that can controversially influence not only oral organs,
but the human organism generally in case of permanent use, considering the probability of paste
swallowing.

Rochelle salt (SS) generally meets these requirements. The compound is a widely spread
food additive safe for humans. In the territory of RF tartrates (potassium tartrate (E336), calcium
tartrate (E354), sodium tartrate (E335), sodium-potassium tartrate (E337)) (cyclamic acid and its
sodium, calcium salts) are certified as food additives and can be used in accordance with the
Technical Regulations of the Customs Union TR CU 029/2012 "Safety requirements for food
additives, flavouring agents and processing supplements" [18].

Rochelle salt, thanks to its chemical and piezoelectric properties in toothpaste formulations,
can have complex action for teeth surface and oral tissues.

Acting as a chelating agent, rochelle salt is capable of binding Ca** calcium ions. Ca** and
F~ ions participate in tooth enamel mineralization and in case of a pathology increase deposition
of glycoproteins on it and dental plaque formation. Dental plaque is formed by deposition of
microorganisms on pellicula surface and it increases by constant overlaying of new kinds of
bacteria [19]. Dental plaque calcification results in tartar formation. By chelating calcium ions SS
is capable of binding oral cavity microorganisms that can form dental plaque colonies and also of
inhibiting growth of calcium phosphate crystals in saliva. For an optimal cleaning effect and
prevention of plaque formation the calcium ion binding constant for chelating agents in oral care
products shall be about 10'+10° [20].

Agents with chelating properties in multicomponent formulations that, among others,
include toothpastes, also contribute to increase of stability and resistance to oxidation of the final
product[20].

Particles of rochelle salt, thanks to piezoelectric properties, are capable of having a
diversified mechanism of the antibacterial effect. The sterilizing effect is connected with
formation of reactive oxygen species in a solution under mechanical impact on the piezoelectric

material. By present, antibacterial activity has been studied for such piezoelectric materials as



barium titanate, tungsten disulfide. It was revealed that effectiveness of their sterilizing action with
respect to Escherichia coli is 99.9 % with treatment duration of 20-60 minutes [10].

Under stress particles of rochelle salt are capable of polarizing. In piezoelectric crystals the
lattice of positive ions in the state of thermodynamic equilibrium can be displaced with respect to
the lattice of negative ions in such a way that the crystals are electrically polarized even in absence
of an electric field. This causes attraction of bacteria carrying the opposite surface charge to
charged crystal areas [21]. Thus, it can enable removal of bacterial cells from oral cavity together
with particles of rochelle salt after teeth brushing process.

The state of parodontium, namely the complex of tissues surrounding the tooth: mucous
membranes of gums, alveoli, dental ligamentous apparatus, greatly determines the health of teeth.
At present inflammatory parodontium diseases are widely spread [22]. One of the key points of
pathogenesis is such a typical pathological process as oxidative stress. It develops on condition of
intensification of free radical processes, often at the background of reduced potential of the anti-
oxidant system. The processes can be adjusted by use of agents of antioxidant direction [23]. One
of promising methods is use of treatment and prophylactic toothpastes based on antioxidants.

Potassium-sodium tartrate - rochelle salt - is known in food industry as antioxidant E337.
In a comparative experiment for one of tartrates - sodium tartrate — it was established that its
antioxidant activity can surpass the activity for a-tochopherol [24]. It was shown that sodium
tartrate in a low concentration of 0.01 % produces marked antioxidant effect on samples of
different kinds of vegetable oils subjected to heating. In a parallel experiment a-tocopherol was
used in the concentration of 0.1 %. For a-tocopherol there are numerous experimental data proving
its positive influence on the oral cavity condition thanks to antioxidant activity [25-28].

According to data of clinical studies, toothpastes containing substances of antioxidant
action are capable of modifying exchange of substances in the oral fluid and causing changes in
metabolism of parodontium tissues [22]. Formulations with antioxidants are capable of reversing
oxidative stress phenomena and can be recommended for regular use with prophylactic aims.

Thus, it is believed that the impact of rochelle salt on tooth-surrounding tissues can help in
elimination of metabolic disorders in the oral fluid due to antioxidant activity.

Another aspect of antioxidant activity of rochelle salt can be connected with the following.
A clinically important observation is reduction of adhesive properties of enamel after whitening
because of hold of residual oxygen near its surface. Restoration of adhesive properties after
whitening with the use of hydrogen peroxide requires minimum 2 weeks [29]. It is shown that
post-treatment of the oral cavity with different antioxidants has a favourable effect on the given
process [29]. It was revealed that 10 % a-tocopherol is effective in at-home whitening [30]. The

antioxidant in use, apart from restoration of adhesive properties of enamel after whitening, shall



provide for preservation of its color stability [29]. a-tocopherol of amber color does not meet this
requirement causing enamel color change. rochelle salt has no color and can effectively remove
residual radicals without causing undesirable enamel tone change.

Combination of rochelle salt and silicon dioxide.

Silicon dioxide is a widely spread abrasive component of toothpastes having a delicate
action on tooth enamel. Particles of SiO> polish the surface preventing dental plaque formation for
a long time. Advantages of the given component are the following:

- indifference to many active components;

- possibility of control of abrasivity and cleaning ability within a wide range;

- possibility of developing transparent toothpastes, i.e. toothpastes in which the refraction
factor of the abrasive equals the refraction factor of the liquid phase in which it is suspended.

It is believed that the individual effect of each component of the combination of rochelle
salt and silicon dioxide will increase in case of combined use. The specified combination will
prevent formation and reduce the mass of dental plaque that has already formed due to:

- polishing effect of the abrasive,

- generation of highly active radicals and oxidation of soils as a result of piezoelectric
effect,

- chelating properties of rochelle salt enabling reduction of the concentration of excessive
ions and prevention of adhesion of bacteria.

Literature provides experimental data that aerosil is capable of interacting with biologically
active organic acids mechanically and chemically [31]. Potassium-sodium tartrate is a salt of
polybasic tartaric acid. In case of polybasic acids molecules of absorption water of silicon dioxide
serve as a link between the carrier and monomeric molecules of acids: aerosil - absorption water -
polybasic acid.

Acting as a carrier, silicon dioxide can significantly modify properties of rochelle salt -
potentiate its antioxidant activity and increase antibacterial activity. It was shown in an experiment
with different natural and synthetic antioxidants that use of mesoporous silicon dioxide,
nanoparticles of silicon dioxide as a carrier leads to a synergetic effect [32]. Antimicrobial activity
can be increased by numerous non-specific interactions between the bacterial cell and the surface
of particles of SiO» [33].

Thus, it is believed that the combination of rochelle salt and silicon dioxide, along with
prevention of formation/reduction of mass of formed dental plaque and whitening, will have
bactericide and deodorizing effects and will have prophylactic properties through elimination of
oxidative metabolism disorders in the oral cavity. Rochelle salt in the composition can act as an

active component with a multiple mechanism of action resulting in positive impact on soft tissues



of the oral cavity, whitening effect due to piezoelectric properties. Among piezoelectric materials,
this component is most fully characterized, has proven safety and a multi-year history of use,

including use in food products.

SUMMARY
The aspects of the invention of the present application are:
1. Use of rochelle salt in a dental and/or oral cavity care product as a whitening
component.
2. Use of rochelle salt in a dental and/or oral cavity care product as a whitening

component that does not cause a significant enamel surface microstructure change. Rochelle salt
as a whitening component does not cause a significant enamel surface microstructure change
comparing to conventional peroxide systems.

3. Use of rochelle salt in a dental and/or oral cavity care product as a whitening
component that does not cause a significant enamel microhardness change. Rochelle salt as a
whitening component does not cause a significant enamel microhardness change comparing to
conventional peroxide systems.

Use of any of the above mentioned aspects wherein the product is toothpaste, prophylactic
toothpaste, tooth powder, a polishing teeth care product, tooth gel, chewing gum, sweet, candy,
mouth rinse, whitening strip, dental floss with a coating, tooth brush with a coating, coloring gel,
lacquer, syringe or dental tray containing gel or paste, whitening and/or remineralizing strips, tooth
powder.

4. Use of a combination of rochelle salt and silicon dioxide in a dental and/or oral
cavity care product as an abrasive.

5. Use of a combination of rochelle salt and silicon dioxide in a dental and/or oral
cavity care product as a preservative.

6. Use of rochelle salt in a dental and/or oral cavity care product as an antioxidant.

BRIEF DESCRIPTION OF FIGURES

Figures 1 and 2 illustrate working conditions of the experiments.

DETAILED DESCRIPTION OF THE INVENTION
The present invention relates to new uses of rochelle salt. The aspects of the invention of
the present application are the following.

Use of rochelle salt in a dental and/or oral cavity care product as a whitening component.



Use of rochelle salt in a dental and/or oral cavity care product as a whitening component
that does not cause a significant/substantial enamel surface microstructure change. Rochelle salt
as a whitening component does not cause a significant/substantial enamel surface microstructure
change comparing to conventional peroxide systems.

Use of rochelle salt in a dental and/or oral cavity care product as a whitening component
that does not cause a significant/substantial enamel microhardness change. Rochelle salt as a
whitening component does not cause a significant/substantial enamel microhardness change
comparing to conventional peroxide systems.

Use of any of the above mentioned aspects wherein the product is toothpaste, prophylactic
toothpaste, tooth powder, a polishing teeth care product, tooth gel, chewing gum, sweet, candy,
mouth rinse, whitening strip, dental floss with a coating, tooth brush with a coating, coloring gel,
lacquer, syringe or dental tray containing gel or paste, whitening and/or remineralizing strips, tooth
powder.

Use of a combination of rochelle salt and silicon dioxide in a dental and/or oral cavity care
product as an abrasive.

Use of a combination of rochelle salt and silicon dioxide in a dental and/or oral cavity care
product as a preservative.

Use of rochelle salt in a dental and/or oral cavity care product as an antioxidant.

Embodiment of the invention can be illustrated with the following examples.

EXAMPLE 1. Test of the cleaning and whitening ability of FtCl (Ft Cleaning) 300.

To determine resistance of dental enamel to attrition on a Martindale tester (hereinafter —
Tester) the sets were analysed - samples of solutions of piezoelectric materials and tooth brushes
based on the following indicator:

- FtClI (Ft Cleaning) 300, characterizes the cleaning ability of a solution (paste) by making
300 cleaning movements (mah) in a suspension of piezoelectric materials. The indicator is used as
an analog of PCR (Pellicle Cleaning Ration) and it enables quantitative assessment of the cleaning
and whitening action of a solution (paste) in case of a single-time cleaning.

The minimum equipment set for the tests was represented by the following instruments:

1) a Martindale tester (toothbrush model) produced by ATLAS;

2) a chroma meter KONICA MINOLTRA CR-400 or another chroma meter
(spectrophotometer) with the possibility of measuring color change in Lab coordinates and with
max. size of the finishing mask of = 12 mm;

3) analytical balances with accuracy up to 0.1 mg, upper weighing limit min. 300 g;

4) base plates of hydroxyapatite (hereinafter — HAP base plates) based on the size of



the hole in the Martindale tester brush-plate, with the whiteness value (L) 90-94;

5) a supersoft slate pencil KOH-I-NOOR HARDMUTH 1500 7B.

The working conditions are illustrated in Figure 2.

Determination of FtC1300 for a solution of piezoelectric materials:

- path: oo L=25 mm,

- rate 150 mah/min,

- impact — 300 mah,

- brush load 325 g,

- minimum quantity of parallel determinations — one per each paste with a test brush,

- a test tooth brush: tooth brush PROFESSIONAL COMPLETE of medium hardness,

- use one brush head for not more than 3-4 cycles, i.e. for 900-1200 mah, owing to wear
out of bristles; then replace the brush head with a new one.

Test methods.

Preparation of base plates of hydroxyapatite discs:

1) the quality of base plates is estimated — all base plates with cracks, chips, traces of

any geometric deformation were excluded;

2) whiteness of the base plate surface was measured (Lin.):
3) the chromatometer was switched on and calibrated;
4) settings of the instrument measuring system were checked (this test requires Lab

color coordinates);

5) a tablet was placed on the measuring table, its whiteness was measured three times;

6) sequential numbers were written on the opposite side of the tablet;

7) the base plate of hydroxyapatite discs was colored;

8) the base plate surface was carefully hatched with a supersoft slate pencil KOH-I-
NOOR HARDMUTH 1500 7B in several directions;

9) the hatching was rubbed out with a thick unwaxed paper sheet and the tablet surface
was polished to a shine;

10)  a ready tablet has a distinctive metal shine of colored surface, the pigment has
distinctive pigment adhesion to the base plate surface and does not color the expert's hands during
contact and tests;

11)  the whiteness of the colored base plate (Lcol) was measured.

The tester preparation for the test included the following stages:

1) individual portions of the suspension of paste in water (see the section of
preparation of solutions) with the ratio of 1:2: 10 g of paste in 20 g of water were prepared for

each cell;



2) the base plates were placed in holes of brush plates with their colored side up,
suspensions were added. The tester was started for abrasion of base plates of colored
hydroxyapatite discs.

3) the base plates were dried with filtration paper, then dried in air for 5-10 min, then
— with an air blow dryer with air temperature under 40°C during 12-15 minutes, with periodic
turnovers.

FtCI300 values were calculated by the formula:
FtC1300 = 100*(Lcl-Lcol)/(Lin-Lcol)
Preparation of solutions:
1. The test solution: toothpaste with rochelle salt: 1 (10 ml) part of toothpaste with rochelle salt
—2 (20 ml) parts of distilled water;
2. Reference: toothpaste with barium titanate: 1 (10 ml) part of toothpaste with barium titanate
— 2 (20 ml) parts of distilled water;
3. Zinc oxide paste solution: 1 (10 ml) part of toothpaste with zinc oxide — 2 (20 ml) parts of
distilled water;
4. Positive control: SPLAT Special Blackwood toothpaste solution: 1 (10 ml) part of toothpaste
: 2 (20 ml) parts of distilled water;
5. Negative control: 3 (30 ml) parts of water.
Formulation of test pastes (with a single concentration of different piezoelectric materials) is

shown in Table 1.

Table 1.
Raw material, procedure %
Purified water 0-80
Sorbitol 70% NEOSORB 70/70B 10-30
Sodium carboxylmethylcellulose Walocel | 0.5-1.5
CRT 2000 PA 07
Xanthan gum Keldent 0.1-0.5
Glycerol 99.5% AAK SWEDEN AB 1-15

Potassium sodium tartrate Rochelle salt/ | 0.01-5
Zinc oxide /

Barium titanate

Dry extract of Stevia PE 0.01-1
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Trimethylglycine Genencare OSMS BA | 0.01-1

Silicon dioxide Sorbosil TC 15 0.01-20
Silicon dioxide Sorbosil AC 43 0.01-20
Silicon dioxide Sorbosil AC 36 0.01-20
Flavoring Naturally Cool Flavor 513539 T | To taste
Bisabolol rac 0.01-0.5
Laurylsarcosinate 0.01-1

Formulation Toothpaste SPLAT® Special Blackwood®: Aqua, Hydrated Silica,
Hydrogenated Starch Hydrolysate, Glycerin, Maltooligosyl Glucoside, Sodium Lauroyl
Sarcosinate, Cellulose Gum, Aroma, Charcoal Powder, Capryloyl/Caproyl Methyl Glucamide,
Lauroyl/Myristoyl Methyl Glucamide, Sodium Benzoate, Stevia Rebaudiana Leaf Extract,
Potassium Sorbate, Menthol, o-Cymen-5-ol, Juniperus Communis Sprout Extract, Limonene.

Test results. The lightness level was estimated by CIE LAB scale. The Lab color model
was created by the International Commission on Illumination (CIE). The color was described not
in terms of elements reproduced by devices, but with the use of three components of human color
vision. In this model any color is determined with lightness (L-Lightness) and two chromatic
components: channel a - colors from dark green through gray to purple, channel b - colors from
blue through gray to yellow. Channels a and b change from -128 to 127, while L parameter - from
0 to 100. The zero value of color components with brightness of 50 corresponds to gray color in
RGB model (119,119,119). Brightness value of 100 gives white color, 0 - black.

The cleaning level is assessed by FtCIn300 formula, where:

Lin is the whiteness value of hydroxyapatite discs before coloring.

Lcol is the whiteness value of hydroxyapatite discs after coloring.

Lcl is the whiteness value of hydroxyapatite discs after cleaning with toothpaste solutions.
FtC1300 = 100*(Lcl-Lcol)/(Lin-Lcol),

where the main constant is L — Lightness, which with the value of 100 denotes white color, so, the
higher the FtClI value is, the more effective cleaning of the surface of hydroxyapatite discs was

(Table 2).

Table 2
1 cycle 2 cycle
Sample No. FtCI300 Sample No. FtCI300
1 (toothpaste  with | 70.43 1  (toothpaste with | 68.78
rochelle salt) rochelle salt)
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2 (toothpaste  with | 69.16 2 (toothpaste with | 71.34
barium titanate) barium titanate)
3 (toothpaste with zinc | 56.19 3 (toothpaste with zinc | 54.17
oxide) oxide)
4 (Blackwood | 63.85 4 (Blackwood | 67.23
toothpaste) toothpaste)
5 (negative control | 35.70 5 (negative control | 33.45
water) water)

3 cycle 4 cycle
1  (toothpaste  with | 73.56 1  (toothpaste with | 69.98
rochelle salt) rochelle salt)
2 (toothpaste  with | 73.68 2 (toothpaste with | 69.3
barium titanate) barium titanate)
3 (toothpaste with zinc | 58.98 3 (toothpaste with zinc | 56.7
oxide) oxide)
4 (Blackwood | 64.54 4 (Blackwood | 64.26
toothpaste) toothpaste)
5 (negative control | 30.87 5 (negative control | 34.45
water) water)

A by 4 cycles

1  (toothpaste  with | 70.68

rochelle salt)

2 (toothpaste  with | 70.87

barium titanate)

3 (toothpaste with zinc | 56.5
oxide)

4 (Blackwood | 64.97

toothpaste)

5 (negative  control | 33.61

water)

Results of Experiment 1:
1) the test active ingredient was piezoelectric material rochelle salt;

2) the reference toothpaste for cleaning was the high-abrasive toothpaste SPLAT
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Special Blackwood, which in clinical studies demonstrates the best results in whitening, equal to
2.5 tones by VITA scale;

3) the reference piezoelectric material was barium titanate, which has a typical
piezoelectric tetrahedral structure and therefore is to demonstrate the best results;

4) also there was prepared toothpaste with zinc oxide, which is also a commercially
available piezoelectric material.

At the end of the experiment, the best results were shown by barium titanate, which cannot
be used in oral care products because of prohibition of use of barium salts in perfumery and
cosmetics. With the difference of 0.19 the experiment confirmed effectiveness of rochelle salt;
rochelle salt demonstrated better results than zinc oxide and reference toothpaste Splat Special
Blackwood, which in its turn speaks of prominent cleaning abilities of the composition with

rochelle salt.

EXAMPLE 2. Test of the cleaning and whitening ability of FtCl (Ft Cleaning) 300.

To determine resistance of dental enamel to attrition on a Martindale tester (hereinafter —
Tester) the sets were analysed - samples of solutions of piezoelectric materials and tooth brushes
based on the following indicator:

- FtClI (Ft Cleaning) 300, characterizes the cleaning ability of a solution (paste) by making
300 cleaning movements (mah) in a suspension of piezoelectric materials. The indicator is used as
an analog of PCR (Pellicle Cleaning Ration) and it enables quantitative assessment of the cleaning
and whitening action of a solution (paste) in case of a single-time cleaning.

The minimum equipment set for the tests was represented by the following instruments:

1) a Martindale tester (toothbrush model) produced by ATLAS;

2) a chroma meter KONICA MINOLTRA CR-400 or another chroma meter
(spectrophotometer) with the possibility of measuring color change in Lab coordinates and with
max. size of the finishing mask of = 12 mm;

3) Analytical balances with accuracy up to 0.1 mg, upper weighing limit min. 300 g;

4) base plates of hydroxyapatite (hereinafter — HAP base plates) based on the size of
the hole in the Martindale tester brush-plate, with the whiteness value (L) 90-94;

5) a supersoft slate pencil KOH-I-NOOR HARDMUTH 1500 7B.

The working conditions are illustrated in Figure 3.

Determination of FtC1300 for a solution of piezoelectric materials:

- path: oo L=25 mm,

- rate 150 mah/min,

- impact — 300 mah,
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- brush load 325 g,

- minimum quantity of parallel determinations — one per each paste with a test brush,

- a test tooth brush: tooth brush PROFESSIONAL COMPLETE of medium hardness

- use one brush head for not more than 3-4 cycles, i.e. for 900-1200 mah, owing to wear
out of bristles; then replace the brush head with a new one.

Test procedure:

Preparation of base plates of hydroxyapatite discs

1) the quality of base plates is estimated — all base plates with cracks, chips, traces of

any geometric deformation were excluded.

2) whiteness of the base plate surface was measured (Lin.):
3) the chromatometer was switched on and calibrated;
4) settings of the instrument measuring system were checked (this test requires Lab

color coordinates)

5) a tablet was placed on the measuring table, its whiteness was measured three times.
6) sequential numbers were written on the opposite side of the tablet.
7) the base plates of hydroxyapatite discs were colored:

8) the base plate surface was carefully hatched with a supersoft slate pencil KOH-I-
NOOR HARDMUTH 1500 7B in several directions.

9) the hatching was rubbed out with a thick unwaxed paper sheet and the tablet surface
was polished to a shine.

10)  aready tablet has to have a distinctive metal shine of colored surface, the pigment
has to have distinctive pigment adhesion to the base plate surface and should not color the expert's
hands during contact and tests.

11)  the whiteness of the colored base plate (Lcol) was measured.

Tester preparation for tests:

1) individual portions of the suspension of paste in water (see the section of
preparation of solutions) with the ratio of 1:2: 10 g of paste in 20 g of water were prepared for
each cell.

2) the base plates were placed in holes of brush plates with their colored side up,
suspensions were added. The tester was started for abrasion of base plates of colored
hydroxyapatite discs.

3) the base plates were dried with filtration paper, then dried in air for 5-10 min, then
— with an air blow dryer with air temperature under 40°C during 12-15 minutes, with periodic
turnovers.

FtCI300 values were calculated by the formula:
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FtCI300 = 100*(Lcl-Lcol)/(Lin-Lcol)

Preparation of test solutions.

Two toothpastes with the following formulations were prepared:

1) Toothpaste free of active ingredients, with the exception of rochelle salt with
thickening silica - Silicon dioxide Sorbosil TC15 and abrasive silica - Silicon dioxide Sorbosil
AC39, Silicon dioxide Sorbosil AC43:

Formulation: Purified water, Sorbitol, Xanthan gum, Sodium carboxymethylcellulose,
Glycerol, Formulation: rochelle salt, Silicon dioxide Sorbosil TC15, Silicon dioxide Sorbosil
AC39, Silicon dioxide Sorbosil AC43, Potassium sorbatetsodium benzoate, Sodium
lauroylsarcosinate

2) Toothpaste free of active ingredients, with the exception of rochelle salt with
thickening silica - Silicon dioxide Sorbosil TC15 and without abrasive silica:

Purified water, Sorbitol, Xanthan gum, Sodium carboxymethylcellulose, Glycerol,
Formulation: rochelle salt, Silicon dioxide Sorbosil TC15, Potassium sorbate+sodium benzoate,
Sodium lauroylsarcosinate

3) Negative control — water (Table 3).

Table 3
1 cycle 2 cycle
Sample No. FtCI300 Sample No. FtCI300
1 (toothpaste with rochelle | 71.80 1  (toothpaste with | 71.42
salt + abrasive) rochelle salt + abrasive)
2 (toothpaste with rochelle | 55.68 2 (toothpaste with | 54.90
salt w/o abrasive) rochelle  salt  w/o
abrasive)
3 (negative control water) | 31.29 3 (negative control | 31.45
water)
3 cycle 4 cycle
1 (toothpaste with rochelle | 72.3 1 (toothpaste with | 71.44
salt + abrasive) rochelle salt + abrasive)
2 (toothpaste with rochelle | 55.9 2 (toothpaste with | 55.27
salt w/o abrasive) rochelle  salt  w/o
abrasive)
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3 (negative control water) | 29.16 3 (negative control | 30.6

water)

A by 4 cycles

1 (toothpaste with rochelle | 71.74

salt + abrasive)

2 (toothpaste with rochelle | 55.43

salt w/o abrasive)

3 (negative control water) | 30.62

Test results. The lightness level was estimated by CIE LAB scale.

The Lab color model was created by the International Commission on Illumination (CIE).
The color was described not in terms of elements reproduced by devices, but with the use of three
components of human color vision. In this model any color is determined with lightness (L-
Lightness) and two chromatic components: channel a - colors from dark green through gray to
purple, channel b - colors from blue through gray to yellow. Channels a and b change from -128
to 127, while L parameter - from 0 to 100. The zero value of color components with brightness of
50 corresponds to gray color in RGB model (119,119,119). Brightness value of 100 gives white
color, O - black.

The cleaning level is assessed by FtCI300 formula, where:
Lin is the whiteness value of hydroxyapatite discs before coloring.
Lcol is the whiteness value of hydroxyapatite discs after coloring.
Lcl is the whiteness value of hydroxyapatite discs after cleaning with toothpaste solutions.

FtC1300 = 100*(Lcl-Lcol)/(Lin-Lcol), where the main constant is L — Lightness, which
with the value of 100 denotes white color, so, the higher the FtCl value is, the more effective
cleaning of the surface of hydroxyapatite discs was.

As a result of the tests the toothpaste solutions demonstrated the following results (with
FtCl going down):

Rochelle salt + abrasive > Rochelle salt w/o abrasive > negative control water.

Thus, Rochelle salt in combination with an abrasive system consisting of silica

demonstrated the best results in cleaning the surface of hydroxyapatite discs.
EXAMPLE 3. Preservation ability test.

Two systems were tested for suppression of contamination with microorganisms by their

formulations.
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Two systems were seeded with the following microorganisms in specified concentrations

(Tables 4 and 5).

Table 4. System 1: Aqueous solution with silica w/o rochelle salt w/ preservative - benzyl

alcohol

Kind of microorganism Concentration of test-microorganism in
contaminated sample, CFU/g
Lg N/Rx

Initial

Pseudomonas aeruginosa ATCC 9027
8.2x10°
6.9

Escherichia coli ATCC 25922
7.0x10°
6.8

Staphylococcus aureus ATCC 6538-P
7.3x10°
6.9

Candida albicans ATCC 10231
6.2x10°
5.8

Aspergillus brasiliensis ATCC 16404
4.8x10°
5.7

Table 5. System 2: Aqueous solution w/ silica and rochelle salt w/o preservative

Kind of microorganism Concentration of test-microorganism in
contaminated sample, CFU/g
Lg N/Rx
Initial
Pseudomonas aeruginosa ATCC 9027
8.0x10°
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6.9

Escherichia coli ATCC 25922
7.5x10°
6.9

Staphylococcus aureus ATCC 6538-P
7.8x10°
6.9

Candida albicans ATCC 10231
5.6x10°
5.7

Aspergillus brasiliensis ATCC 16404
5.3x10°
5.7

Results. After seven days the systems were analyzed for bacterial load and the following

results were obtained (Tables 6 and 7):

Table 6. System 1: Aqueous solution w/ silica w/o rochelle salt w/ preservative benzyl alcohol

Kind of microorganism Concentration of test-microorganism in
contaminated sample, CFU/g
Lg N/Rx
Initial After 7 days
Pseudomonas aeruginosa ATCC 9027
8.2x10° Under 10
6.9 /69
Escherichia coli ATCC 25922
7.0x10° Under 10
6.8 /68
Staphylococcus aureus ATCC 6538-P
7.3x10° Under 10
6.9 /69
Candida albicans ATCC 10231
6.2x10° Under 10
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5.8 B

Aspergillus brasiliensis ATCC 16404
4.8x10° Under 10
5.7 BT

Table 7. System 2: Aqueous solution w/ silica and rochelle salt w/o preservative

Kind of microorganism Concentration of test-microorganism in
contaminated sample, CFU/g
Lg N/Rx
Initial After 7 days
Pseudomonas aeruginosa ATCC 9027
8.0x10° Under 10
6.9 69
Escherichia coli ATCC 25922
7.5x10° Under 10
6.9 709
Staphylococcus aureus ATCC 6538-P
7.8x10° Under 10
6.9 09
Candida albicans ATCC 10231
5.6x10° Under 10
5.7 T
Aspergillus brasiliensis ATCC 16404
5.3x10° Under 10
5.7 BT

Conclusions: it was proven with the experiment that the preservation ability of a
combination of silica and rochelle salt is as effective as that of a combination of silica with benzyl

alcohol preservative.

EXAMPLE 4. Determination of antioxidant activity in relation to ascorbic acid for a liquid

sample by the ferricyanide spectrophotometric method.
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Materials and methods. The test item was 2% rochelle salt solution in distilled water. The
measuring was done by Ferricyanide spectrophotometric method with the use of a
spectrophotometer Konika Minolta [34]

AOA — antioxidant activity
AOA (in mol-eq/l) = (Do — D;)/1035
where Dy is optical density of the mediator system solution in distilled water (Do = 1035).
D; is optical density of the mediator system solution in the test sample.
Experiment results: 2% rochelle salt solution has 13.7% higher antioxidant activity

comparing to vitamin C (Table 8).

Table 8
AOA in relation to vitamin C
Indicator RD for method
mol-eq/l %
Ferricyanide
Antioxidant activity | spectrophotometric method | 0.00013 13.7
[34]
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Claims

l. Use of rochelle salt in a dental and/or oral cavity care product as a whitening component.
2. Use of rochelle salt in a dental and/or oral cavity care product as a whitening component
that does not cause a significant enamel surface microstructure change.

3. Use of claim 2, wherein rochelle salt as a whitening component does not cause a significant
enamel surface microstructure change comparing to conventional peroxide systems.

4. Use of rochelle salt in a dental and/or oral cavity care product as a whitening component
that does not cause a significant enamel microhardness change.

5. Use of claim 4, wherein rochelle salt as a whitening component does not cause a significant
enamel microhardness change comparing to conventional peroxide systems.

6. Use of any of the claims 1 to 5, wherein the product is toothpaste, prophylactic toothpaste,
tooth powder, a polishing teeth care product, tooth gel, chewing gum, sweet, candy, mouth rinse,
whitening strip, dental floss with a coating, tooth brush with a coating, coloring gel, lacquer,
syringe or dental tray containing gel or paste, whitening and/or remineralizing strips, tooth powder.
7. Use of a combination of rochelle salt and silicon dioxide in a dental and/or oral cavity care
product as an abrasive.

8. Use of a combination of rochelle salt and silicon dioxide in a dental and/or oral cavity care
product as a preservative.

9. Use of rochelle salt in a dental and/or oral cavity care product as an antioxidant.
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