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Prevention of dental caries involves remineralization of the tooth surfaces with calcium and phosphorus
medicines, but the use of fluorine-containing remedies in the form of a cream, gel and varnish is more
effective. The aim of our work was to substantiate the composition and technology of a gel with cetyl-
pyridinium hexafluorosilicate having the caries preventive action. A gelling agent — hydroxyethyicellulose
that provides stability and the essential structural and mechanical properties of the gel has been
selected experimentally. Microscopic studies have substantiated introduction of the solubilizer PEG-40
hydrogenated castor oil in the concentration of 0.5% that promotes dissolution of the peppermint
essential oil with preserving the gel transparency. The use of 10% sorbitol has been substantiated
to provide the moderate osmotic properties and to prevent the gel drying. Microbiological studies
have shown the necessity of using sodium benzoate as a preservative in the concentration of 0.3%.
The temperature regimen of cetylpyridinium hexafluorosilicate introduction in the composition of the gel
base has been substantiated by thermogravimetric studies. The technology of gel has been developed.

Local prevention of caries consisting in reminerali-
zation of the tooth surfaces provides the use of remedies
containing calcium and phosphorus (solutions of calcium
gluconate (2.5-10%), calcium, and magnesium sulphate
used on electrophoresis or as applications) [6].

Such drugs as “Belagel Ca/P” (RF) available in the
gel form that contains ions of calcium, potassium, sodi-
um, magnesium, chlorine, phosphorus and “Remodent”
(Ukraine) derived from the animal bone tissue contain-
ing ions of potassium, calcium, sodium, magnesium,
manganese, iron, copper, zinc (used in the form of ap-
plications) also belong to this group of drugs.

Tooth Mousse GC (Japan) is in the form of a cream
that contains casein phosphoric peptide and amorphous
calcium phosphate. However, the predominant majority
of drugs for prevention of dental caries contains fluo-
rine [8]. These products are produced in the form of a gel,
cream and varnish. Their nomenclature is presented by
such gels as “Belagel F”, Flioreks (Poland), Fluoridin gel
(Germany) and varnishes — Belak (RF), Ftorlak (Ukraine),
Flor-Oral (Germany), Ftoroplen (Ukraine), etc.

The necessity in effective prevention of caries and
dominance of drugs of foreign production require the
creation of effective and available caries preventive
medicines.

Materials and Methods

Cetylpyridinium hexafluorosilicate with the caries
preventive and mineralizing effect experimentally con-
firmed was selected as a caries preventive medicine syn-
thesized at the premises of the Odesa National Medical
University [7]. Gelling agents, hydrophilic non-aqueous
solvents, solubilizers, preservatives permitted for use in
cosmetic and dental products were used when develop-
ing the composition of the gel [2]. Organoleptic indi-
ces, thermal and colloidal stability, pH and the struc-

tural and mechanical properties of the samples studied
were determined. Colloidal stability was determined in
a MPW-210 laboratory centrifuge (Poland) at the rate
0f 3000 rpm for 5 min. Thermostability was determined
in a TC-80m-2 thermostat at (40£2)°C for 24 h. The pH
value was potentiometrically adjusted in 10% aqueous
extraction on a pH 150 MI pH-meter (RF).

Structural and mechanical parameters were deter-
mined on a Brookfield HB DV-II PRO rotary viscome-
ter (USA) using a rotary type adapter with coaxial cylin-
ders in the range of the shift speed gradient from 13.0
t0 93.0 ¢! at 20°C. The kinetics of water absorption by
the test samples of gels when introducing hydrophilic
nonaqueous solvents was studied by dialysis through a
semipermeable membrane at 34°C supported via a ther-
mostat. A “Lumam-P1” bioluminescent microscope (Russia)
with the magnifying power of 50 times was used for
the visual study of the gel homogeneity. Receiving and
processing of images were performed using the Scope
Photo (version 3.0.12.498) software. The studies to sub-
stantiate the choice of the preservative were performed
by the method of assessing the effectiveness of antimi-
crobial preservatives (SPhU 1.4 p.5.1.3) [2].

Results and Discussion

According to the results of the previous studies hy-
droxyethyl cellulose (HEC) in the concentration of 1.5-
2.0% was selected as a gelling agent [1]. Since cetyl-
pyridinium hexafluorosilicate (CPHFS) affects the vis-
cosity indices of the gels obtained, namely reduces their
structural viscosity (from 4480 to 3350 mPa s to 1.5%
and from 6180 to 5000 mPa s to 2%), it was necessary
to conduct the study of gels within this concentration
range. For this purpose, the sample with 1.75% HEC
(rheograms of HEC gels from 1.5, 1.75 and 2.0% gel-
ling agent are shown in Fig. 1) was additionally pre-
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Fig. 1. The rheogram of dependence of the shift rate (Dr) on the shift
stress (t,) of gels based on HEC where 1 —1.5; 2 — 1.75; 3 — 2% gel.

pared. When introducing CPHFS the indices of the
structural viscosity of 1.75% gel decrease from 5100 to
4800 mPa s (at 20 C and 20 rpm, it corresponds to the
shift rate in Dr 18.6 s™).

Since the gel with 1.75% HEC was the most satis-
factory by the indices of the structural viscosity, this base
was used to substantiate the composition of the caries
protective gel.

Hydrophilic non-aqueous solvents are used in the
composition of dental gels, they increase the solubility
of drugs, contribute to their more complete and rapid
release, and prevent the gel drying.

Considering the all abovementioned facts and in order
to prevent the gel drying and improvement of organoleptic

properties the hydrophilic nonaqueous solvents (HNS),
such as 5% of glycerol and propylene glycol, and 5 and
10% of sorbitol (70% sorbitol solution) were introduced
to the sample with 1.75% HEC [4]. By determining the
osmotic activity it was found that all samples possessed
the insignificant absorptivity, which increased with in-
troduction of HNS in the range of sorbitol — glycerol —
propylene and was about 20-22, 25 and 33%, respec-
tively, compared to 16% gel base.

Taking into consideration the area of application,
the low osmotic activity, which the product developed
should have, as well as its taste characteristics, 10%
sorbitol was selected as HNS.

The peppermint essential oil in the concentration of
0.5% previously solubilized was introduced into the gel
composition to provide it with the cooling, deodorant
and aromatizing effect. PEG-40 hydrogenated castor
oil (PEG-40 HCO) was used as a solubilizer. Its opti-
mal concentration was selected by microscopic analysis
of the experimental samples containing 0.25; 0.5 and
0.75% of the solubilizer.

The results of microscopic analysis (Fig. 3) have
shown that introduction of 0.25% PEG-40 HCO does
not provide a complete dissolution of the essential oil.
When increasing the content of solubilizer to 0.75% the
homogeneous transparent gels are formed, it indicates
the expediency of its introduction in the concentration
0f 0.5% since the higher content of a solubilizer is eco-
nomically unreasonable.

When determining the pH value of the samples un-
der research it has been found that it is within the range of
4.3-4.5. It is unacceptable for dental gels, which should
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Fig. 2. Kinetics of water absorption by the gels studied.

1
Fig. 3. Microscopy of the gel samples studied where 1 contains 0.25%; 2 — 0.5%; 3 — 0.75% GEG-40 hydrogenated castor oil.
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Fig. 4. The rheogram of dependence of the shift rate (Dr) on the
shear stress (t,) of 1.75% HEC gel (Sample 4) when introducing:
1 — CPHFS; 2 — a complex of the substances mentioned;

3 — the solubilized peppermint essential oil; 5 — sorbitol.

have the pH value close to neutral. The pH value was
adjusted by introduction of the phosphate buffer with
pH 7.5.

It is known that both medicinal substances and a num-
ber of excipients can significantly affect the stability of
gels, including their structural and mechanical proper-
ties [5, 9, 10]. The change of the rheological parameters
was studied when introducing the ingredients selected
into the gel base. Fig. 4 shows that introduction of CPHFS
and the solubilized peppermint essential oil reduce the
viscosity of the gel, and, on the contrary, introduction
of propylene glycol increases while maintaining the type
of flow and minor thixotropic properties.

To study the effectiveness of preservatives 6 sam-
ples were prepared. Sample 1 did not contain a preser-
vative, Sample 2 contained 0.8% germaben, Sample 3 —
0.3% nipagin, Sample 4 — 0.05% euxyl K, Sample 5 —
1.0% euxyl PE 9010, Sample 6 — 0.3% sodium benzoate;
these substances were injected in Samples 2-6 in the con-
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Fig. 5. The thermogram of cetylpyridinium hexafluorosilicate.

centration recommended by the manufacturer. The me-
thod of assessing the effectiveness of antimicrobial pre-
servatives (SPhU 1.4 p.5.1.3) was used in the research
[2, 5]. The method is based on introduction of a certain
number of test-microorganisms in the samples under re-
search and determination of their viability at regular in-
tervals of time (for drugs for local application — 2 days,
7, 14 and 28 days). The tests were taken from the in-
fected samples after the time intervals specified, and
the number of these microorganisms was identified in
them. We used Staphylococcus aureus ATCC 6538, Pseu-
domonas aeruginosa ATCC 9027, Candida albicans
ATCC 885-653, and Aspergillus brasiliensis ATCC 16404
as test-microorganisms according to the requirements
of the SPhU. Determination of the logarithm value (1g)
of reduction in the number of viable cells of microorga-
nisms for the corresponding period of storage after con-
tamination of the samples was the criterion for evalu-
ating the effectiveness of antimicrobial preservatives.

The results given in Table show that after 2 days
of storage of the inoculated samples the logarithm of
reduction in the number of viable bacteria in Sample 1,
without the preservative was over 2.0 and was equal to
2.27 for Staphylococcus aureus and 2.35 — for Pseudo-
monas aeruginosa. On the seventh day these indices were
3.74 and 4.16, respectively. On the 14-th day Staphy-
lococcus aureus and Pseudomonas aeruginosa were
not found. For the cells of Candida albicans fungi the
logarithm of reduction in the number of viable cells was
3.5 on the 14-th day. For Aspergillus brasiliensis on the
14th day the logarithm reduction in the number of vi-
able cells was 1.80, and it was 1.95 on the 28-th day. It
does not correspond to the requirements of the SPhU.

Thus, the study of the sample without a preserva-
tive has shown that it does not correspond to the re-
quirements of the SPhU by the indicator of the “anti-
microbial effectiveness of preservatives” for drugs for
external use and therefore, introduction of the preserva-
tive is necessary.

As a result of the studies of the effectiveness of an-
timicrobial preservatives in gel samples the following
data were obtained (see Table): Sample 2 (gel + 0.8%
germaben), Sample 3 (gel + 0.3% nipagin), Sample 4
(gel + 0.05% euxyl K 100), Sample 5 (gel + 1.0% eu-
xyl PE 9010), Sample 6 (gel + 0.3% sodium benzoate)
corresponded to criterion “A” according to the require-
ments of the SPhU for drugs for external use.

Thus, it has been found that Samples 2 — 6 are pro-
mising for the further work on creating a caries protec-
tive gel, however, by the totality of the requirements for
preservatives and specificity of the composition and the
effect of the gel the use of 0.3% sodium benzoate is the
most rational. Besides the necessary antimicrobial acti-
vity the choice is stipulated by the fact that euxyl K 100,
which contains benzyl alcohol, methylchloroisothiazo-
linone and methylisothiasolinone, is an effective pre-
servative approved for use in the composition of me-
dicinal cosmetic products, but according to new data it
is not recommended in the products for mucous mem-
branes, including toothpastes and dental gels, respec-
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Table

The antimicrobial effectiveness of the preservatives in the gel samples studied

Lg of the initial microbial load reduction (SPhU requirements/sample)
Exposition Aspergillus brasiliensis | Staphylococcus aureus | Pseudomonas aeruginosa Candida albicans
ATCC 16404 ATCC 6538 ATCC 9027 ATCC 885/653
Sample 1 without a preservative
inocalation 19 CRU / m 56 57 57 54
2 days 1.40 2.0/2.27 2.0/2.35 1.85
7 days 1.65 3.0/3.74 3.0/4.16 2.74
14 days 2.0/1.80 HB HB 2.0/3.5
28 days H3/1.95 H3/HB H3/HB H3/HB
Sample 2 with germaben
2 days 1.50 2.0/3.2 2.0/2.84 2.35
7 days 2.15 3.0/HB 3.0/4.65 3.96
14 days 2.0/2.90 HB HB 2.0/ HB
28 days H3//HB H3/HB H3/HB H3/HB
Sample 3 with nipagin
Microbial loading after
inoculation, Ig CEU / ml 5.6 >4 >/ 3.6
2 days 1.62 2.0/2.85 2.0/2.35 248
7 days 1.90 3.0/HB 3.0/4.60 3.74
14 days 2.0/2.75 HB HB 2.0/4.40
28 days H3//HB H3/HB H3/HB H3/HB
Sample 4 with euxyl K 100
Microbial loading after
2 days 1.60 2.0/2.26 2.0/2.40 2.0
7 days 1.84 3.0/4.65 3.0/4.50 3.48
14 days 2.0/2.10 HB HB 2.0/HB
28 days H3/HB H3/HB H3/HB H3/HB
Sample 5 with euxyl PE 9010
Microbial loading after
inoculation, Ig CgU / ml >-6 >7 >8 >/
2 days 1.55 2.0/3.2 2.0/2.9 2.0
7 days 1.65 3.0/4.74 3.0/4.05 3.74
14 days 2.0/2.40 HB HB 2.0/HB
28 days H3//HB H3/HB H3/HB H3/HB
Sample 6 with sodium benzoate
2 days 1.40 2.0/3.3 2.0/2.27 1.89
7 days 1.65 3.0/HB 3.0/4.66 3.54
14 days 2.0/2.95 HB HB 2.0/3.20
28 days H3/HB H3/HB H3/HB H3/HB

tively. Euxyl PE 9010 containing phenoxyethanol and
ethylhexylglycerin is a fat-soluble preservative, there-
fore, its introduction requires more content of solubi-
lizers, and it is economically impractical. Nipagin and
germaben containing parabens require additional quali-

tative and quantitative determination as a part of the
product developed.

The purified water heated to the temperature of 90-
95°C was added to HEC to increase the speed of swell-
ing and gel formation. To determine the temperature
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regimen of CPHFS introduction the thermogravimetric
studies were performed that showed that the tempera-
ture of the gel base should not exceed 45°C (Fig. 5).

According to the physical and chemical properties of
drugs and excipients the technological process of manu-
facturing the gel developed includes the following stages
of operations: dissolution of essential oils in a solubilizer;
obtaining of the gel base; obtaining of the gel and its ho-
mogenization; packaging and labelling of the final product.

CONCLUSIONS

1. The use of 1.75% hydroxyethyl cellulose as a gel-
ling agent that provides stability and the necessary struc-
tural and mechanical properties of the gel has been sub-

stantiated experimentally. Microscopic studies have sub-
stantiated introduction of the solubilizer — 0.5% PEG-40
hydrogenated castor oil that promotes dissolution of the
peppermint essential oil. To provide the moderate osmo-
tic properties and prevent the gel drying 10% sorbitol
has been introduced.

2. Microbiological studies have shown the necessity
of using sodium benzoate as a preservative in the con-
centration of 0.3%.

3. The temperature regimen of cetylpyridinium hexa-
fluorosilicate introduction in the composition of the gel
base has been substantiated by thermogravimetric stu-
dies. The technology of a gel has been developed.
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PO3POEBKA CKNALY TA TEXHONOTIi KAPIECNPO®DINAKTUYHOIO rENO

B.FO.AHicimoe, B.O.enbm60s160m, H.[1.[Tosioeko

Knroyoei cnoea: kapiecripoginakmuyHul eernb; uemurnmnipuduHito eekcaghmopocuriikam;,
mexHoriogzis 2enig

lpogbinakmuka Kapiecy nepedbadyae pemiHeparizauito rnosepxHi 3yba rnpenapamamu Kanbyito ma ¢oc-
gopy, odHak binbw echeKmuBHUM € BUKOPUCMAaHHST ¢hmopoamMiCHUX 3acobig y ¢hbopmMi Kpemy, 2ero ma
naky. Memoro pobomu 6yno obrpyHmysgaHHsi ckiialy ma mexHorsiozii 2e/110 kapiecrnpoghinakmu4yHoi
ai 3 uemunnipuduHiro 2ekcaghmopocunikamom. EkcriepumeHmarbHo 0bpaHo eerieymeoprogad — 2io-
pokciemunuernonosdy, wo s3abesrnedye cmabinbHicmb ma HeobXiOHi cmpyKmypHO-MexaHidHi efnac-
mueocmi 2erno. B pe3dyrnbmami MikpockorniyHux docnioxeHb 0bpaHo comnrobinisamop NEM-40 zidpo-
2eHi30eaHy puyuHosy onito 8 KoHueHmpauii 0,5%, sika cripusie po34YUHEHHIO eghipHOI onii M’amu npu
36epexxeHHi npo3opocmi enro. s 3abesnedeHHs1 MoMIipHUX OCMOMUYHUX ernacmueocmel ma ro-
rnepedxeHHs1 sucuxaHHs 2esto 0brpyHmoeaHo sukopucmaHHs 10% copbimony. MikpobionoaidHi 0o-
cnidXeHHs1 npodemMoHcmpysarsnu HeobxiOHicmb 3acmocy8aHHs 8 SKOCmi KOHcepeaHmMy Hampito 6eH-
30amy 8 koHueHmpauii 0,3%. TepmoepasgimempuyHi OocnidxeHHs 06rpyHmyesanu memrnepamypHul
pexum egedeHHs uemurnipuduHito eekcaghmopocursikamy 00 ckriady eenesoi ocHosu. Po3pobreHo
MmexHos102ito 2erio.
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PA3PABOTKA COCTABA U TEXHONOIMMU KAPUECNPOD®UINAKTUYECKOIO M'ENA
B.FO.AHucumoes, B.A.lenbm6010m, H.IM.Monoeko

Knroveenle criosa: kapuecrnpogunakmudeckull 2esb; yemunnupuduHUsi 2ekcaghmopocusukam;
mexHosoaus 2enel

lpoghunakmuka Kapueca npedycmampugaem peMuHepanu3ayur rnosepxHocmu 3yba npenapama-
MU Kanbyusi u gpochopa, 0OHaKo boree aghgheKkmusHbIM S8/19€MCS UCMOb308aHUe ghmopcodepxa-
wux cpedcme 8 hopme Kpema, 2ers U naka. Llensto pabomsi 66110 060CHO8aHUE cocmasa U mexHo-
Jloe2uu eernst kKapuecrnpoghuiakmuyeckoeo delicmausi ¢ UemursnnupuOuUHUST 2eKcaghmopoCUIUKamom.
OkcnepumeHmarbHO 8bibpaH 2eneobpazosameris — 2UOPOKCUIMUIUENtoio3a, obecrneqyusarouwas
cmabunbHOCMb U He0bX00UMbIe CMPYKMYypPHO-MexaHu4Yeckue ceoticmea eensi. Mukpockonuyeckumu
uccrnedosaHusiMu 0bocHog8aHo egedeHue comroburnuzamopa N3I-40 audpoeeHU3UPO8aHHO20 Kacmo-
poeoz2o macrna 8 koHueHmpauuu 0,5%, komopoe criocobcmeyem pacmeopeHUto 3¢hupHO20 Mac-
J1a Msimbl NpU CoXpaHeHUU rnpospadyHocmu zens. [ns obecrniedeHus yMepeHHbIX 0CMOMUYECKUX
ceolicme u npedyrnpex0eHus 8biCbixaHUs 2esnsi 060CHO8aHO ucnosib3oeaHue 10% copbumona.
Mukpobuonozuyeckue uccriedogaHusi npodeMoHcmpuposasiu Heobxo0uMoCcmb NPUMEHEHUS 8 Kade-
cmee KoHcepeaHma Hampusi 6eH3oama 8 koHueHmpauyuu 0,3%. TepmoepagumempuyecKue uccrie-
0doeaHusi 06ocHo8aslu memrepamypHbIl pexxumM 88edeHuUs1 uemusinupuOUHUST 2eKkcaghmopocuriuka-
ma 8 cocmas 2esnesoll 0CHOBbI. PazpabomaHa mexHono2usi 2erisi.



