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Fluorides are the most important treatment and preventive additive in the composition of any form;
they prevent development of caries by increasing the resistance of enamel, as well as production of
acids by bacteria of dental plaque. At the Odessa National Medical University the work on searching for
fluorine-containing compounds in a series of quaternary bases and their subsequent use in dentistry
is conducted. The pharmacological studies have shown that “onium” hexafluorosilicates have a higher
caries-preventive effectiveness compared to sodium fluoride. Cetylpyridinium hexafluorosilicate has
been found to be the most active in the dose of 15 mg/kg when used in the form of oral applications
of the gel; its mechanism of action is in activation of alkaline phosphatase and lysozyme of the pulp
of the teeth. Development of reliable methods for identification and quantitative determination is a
prerequisite for further use of this compound in medical practice. The aim of this work was to develop
the method for quantitative determination of cetylpyridinium hexafluorosilicate. For further use of the
method proposed for analysis of the compound under research its validation characteristics have
been studied. According to the results of the research conducted it has been found that the method for
quantitative determination of cetylpyridinium hexafluorosilicate in the substance corresponds to the
following parameters: accuracy, precision, linearity (A, = 0.50<smax A, = 0.53, 6 = 0.17<max 6 = 0.32,
a =0.80smax a = 1.60, r = 1.0000zmin r = 0.9993).

Over the past decade there is a significant increase
of affected teeth by caries in the population [8]. Caries
is a disease, in which under the effect of bacteria the
process of demineralization of teeth occurs. The risk of
caries is associated with a number of causes, among them
there is deficiency of fluorine in food and drinking water,
which leads to brittleness and thinning of the enamel;
the excess of carbohydrate food and sugar; dental plaque
formed from decomposition of food debris; and it is also
a stimulus for bacterial growth. In turn, excessive amounts
of fluoride lead to binding of calcium salts in the inert
calcium fluoride and the hepatotoxic action. Hexafluo-
rosilicates (SiF,) are one of the fixed forms of fluorine;
moreover, they are almost completely free of drawbacks
of fluorides [7]. In order to find substances with the caries-
protective and antibacterial properties the work on se-
arching for new biologically active substances among
hexafluorosilicate derivatives is conducted at the Odessa
National Medical University [5, 6].

One of the most active compounds in this series is
the salt of the quaternary base — cetylpyridinium hexaflu-
orosilicate; development of methods of the quality control
is the necessary condition for its further application. The
basic physical and chemical properties of cetylpyridi-
nium hexafluorosilicate have been studied, and the me-
thods for its identification have been proposed [4].

Continuing the research on the standardization of the
compound it was necessary to develop a method for its
quantitative determination.

Materials and Methods

The experiments were carried out using the chromato-
graphic grade sample of the compound (the content of
impurities — 0.5%). During the work the measuring glas-
sware of class A, reagents meeting the requirements of
the State Pharmacopoeia of Ukraine (SPhU) and “AXIS”
analytical balances were used.

The quantitative determination method. Dissolve
2.000 g in distilled water and dilute to 100.0 ml with the
same solvent. Transfer 25.0 ml of the solution to a sepa-
rating funnel, add 25 ml of chloroform, 10 ml of 0.1 M so-
dium hydroxide and 10.0 ml of a freshly prepared 50 g/I
solution of potassium iodide. Shake well, allow to separate
the chloroform layer and discard chloroform extracts.
To the aqueous layer add 40 ml of hydrochloric acid,
cool and titrate with 0.05 M potassium iodate to a deep-
brown colour that does not disappear. Add 2 ml of chlo-
roform and continue to titrate, shaking vigorously, until
the chloroform layer no longer changes its colour. Simul-
taneously carry out the blank titration of a mixture of
10.0 ml of the freshly prepared 50 g/l solution of potassium
iodide, 20 ml of water and 40 ml of hydrochloric acid.

One ml of 0.05 M solution of potassium iodate cor-
responds to 37.56 mg of (C,,H;N),SiF,, which must be
from 99.0% to 101.0%.

Results and Discussion

Cetylpyridinium hexafluorosilicate is a quaternary
ammonium salt, the residue of the pyridine cycle is in the
basis of its structure. Cetylpyridinium hydrochloride is
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Table 1
Accuracy and convergence of the results of quantitative determination
N The substance Introduced in % to The volume of 0.05 Found in % to the Found in % to the
o. of the . the concentration . concentration .
i amount in the M solution of KIO,, introduced
model solution sample of th.e refe_rence V, ml (K = 1.0000)3 of the_refere_nce Zi = 100 (Yi/Xi)
solution (Xiact%) ! solution (Yi%)
1 0.1610 80.50 27.00 80.94 100.54
2 0.1708 85.40 26.60 85.27 99.85
3 0.1815 90.75 26.05 91.86 101.22
4 0.1912 95.60 25.65 95.21 99.60
5 0.2018 100.90 25.10 100.66 99.76
6 0.2107 105.35 24.60 105.50 100.14
7 0.2207 110.35 24.05 110.27 99.93
8 0.2309 115.45 23.45 115.36 99.92
9 0.2402 120.10 22.85 120.47 100.31
Mean, Z% 100.14
Relative standard deviation, Sz% 0.50
Relative confidence interval A, % =1t (95%,7)xSz 0.53
Critical value for convergence of results A, % 1.00
Systematic error 6 0.17
Criterion of the systematic error insignificance 1) §<A,./(g)A0.5 = 0.33, 2) if not satisfied 1),
then 6<0.33 0.32
The overall conclusion of the method correct

analogue by the structure of the compound studied. For its
quantitative assessment the European and British Phar-
macopoeias recommend to use the method of titration
with potassium iodate after the appropriate sample pre-
paration. First, the solution of potassium iodide in the al-
kaline medium was added, and the resulting compound
was extracted with chloroform. The excess of potassium
iodide in the aqueous layer was determined after acidi-
fying the reaction mixture by titration with 0.05 M so-
lution of potassium iodate [2, 3].

We assumed that when adding potassium iodide cetyl-
pyridinium hexafluorosilicate in the alkaline medium for-
med cetylpyridinium iodide having the properties of the
ion associate and being well extracted with chloroform.

We consider that the reaction proceeds by the fol-
lowing mechanism (Scheme 1).

We confirmed that the reaction occurred by the ex-
actly this mechanism in the following way. The chloro-

form layer was carefully evaporated on a water bath to
dryness, suspended with water, acidified by acetic acid
diluted to a yellow-green colour with the bromphenol
blue indicator. While thoroughly stirring the reaction mix-
ture was titrated slowly with 0.1 M solution of silver nit-
rate to an emerald-green colour. In the process of titra-
tion the precipitate was dissolved, and colloidal precipi-
tate of silver iodide was gradually formed (Scheme 2).

Some validation characteristics of the method pro-
posed for titration of the cetylpyridinium hexafluorosili-
cate substance with the indicator fixation of the titration
end point were studied according to the requirements of
the SPhU [1]. To validate the titration method the expe-
rimental batch of the substance was used. The loss on
drying was 2.0%. In calculations the content of the ac-
tive substance was taken equal to 100%.

To reduce uncertainty the titre of 0.05 M potassium io-
dide solution was determined by the method of the SPhU [1].
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Table 2

The results of the linear dependence determination

Parameters Values Criteria (for tolerances Cpnclusion
99-101%,9=9) (satisfied or not)
b 0.9931 - -
Sb 0.0091 - -
a 0.8016 max a = 1.60 satisfied
Sa 0.9255 - -
So 0.3509 max S, =0.53 satisfied
r 1.0000 min r = 0.99926 satisfied
RSD range 13.5805 - -
Ro 0.9997 - -
Sb? 0.0001 - -
Sa’ 0.8566 - -
8 g =100- %+(b—1) s%maxAAsS 0.6600 03308
a 2
S 120 =100- 120+(b—1) sg-maxAAssO.GGOO 0.0031
DL 3.0748
LOQ 9.3193
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Fig. The linear dependence of 0.05 M solution of potassium iodate

on the concentration of the compound studied.

The mean value of 5 parallel titrations was obtained.

The value of the correction factor to the nominal con-

centration of the titrated solution K, was 1.0000 with the

relative standard deviation RSD = 0.10% and the confi-

dence interval A(titr) = 0.10%. Thus, the results of the

titre determination (<0.2%) comply with the requirements
of the SPhU for convergence [1].

The titration was carried out after adding a certain
amount of potassium iodide solution, hydrochloric acid
and chloroform; therefore, to reduce the error of titra-
tion it was appropriate to conduct the blank titration si-
multaneously.

To determine linearity the samples were taken for
different points (7) of the straight line, they were 80, 85,
90, 95, 100, 105, 110, 115 and 120% from the nominal
weight of 200 mg. To study the reproducibility of the re-
sults for different experiments for studying linearity 5
samples for each point (i) were taken (Tab. 1).

The results obtained were processed by the least squa-
res method. The values X, ¥, and Z are given in Tab. 1.

The results of the linear dependence processing by
the least square method are given in Tab. 2 and Fig.
As can be seen from Tab. 2, the requirement of simulta-
neous statistical insignificance of the values |a| and

| 1-b | is performed for the set of 9 points; it meets the
requirements of the practical acceptance of the linear
dependence.

It should be noted that the systematic error value both
by 80% of the nominal content (Jy, 4,), and by 120% (Jy, ;)
does not exceed the maximal value (Tab. 2). The deter-
mination limit (DL) and limit of quantification (LOQ)
do not exceed 32%, i.e. they do not significantly affect
the quantitative determination (Tab. 2).

From these calculations it is apparent that the maxi-
mum permitted value of the complete predicted uncer-
tainty of the analytical procedure is more than the total
calculated uncertainty of the method developed for quan-
titative determination of the active ingredient in the subs-
tance. Therefore, the method of redox titration can be
used for quantitative determination of cetylpyridinium
hexafluorosilicate with the tolerance of the active sub-
stance content of +1.0%.

CONCLUSIONS

The method for quantitative determination of cetyl-
pyridinium hexafluorosilicate in the substance has been
developed using the redox method. When determining
the basic validation characteristics of the method speci-
fied it has been found that the requirements for linearity,
precision, accuracy are performed, and this method can
be recommended for use.
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PO3POBKA METOAUKU KINTIbKICHOIO BUSHAYEHHA HOBOI KAPIEC-MPO®INAKTUYHOI
CNonyku

B.FO.AHicimoe, B.O.lenbm60n1b0m, H.lO.6ee3, B.A.[eopeisiHy

Knro4voei cnoea: chapmayesmuyHuli aHani3; KiflbKiCHe 8U3HAYeHHSI; eanidauyis aHanimu4Hoi
MemoOuKu; uemurnmnipuduHito eekcacgbriyopocurnikam, Kapiec-rpoghinakmuyHul 3acié

@nyopudu € Haleaxuegiworo siKysarbHO-rpoginakmuyHoi 0obaekoro 8 ckiadi byOb-sikoi gpopmu i
3arnobiearomb po38UMKY Kapiecy, nidsuulyrodu cmilikicms emari, ma rnepewkxkooxarms 8UpObIeHH0
kucniom bakmepismu 3ybHo20 Hanbomy. Y OdecbKOMy HaujoHaribHOMYy MeOUYHOMY yHigepcumemy
nposodumsbcsi poboma 3 nowyky briyopo8MICHUX CroMyK y psidy 4emeepmuHHUX OCHO8 3 nodarsib-
wum ix 3acmocysaHHsIM y cmomamorogii. @apmakonoaiyHi docnidxeHHs1 doseriu, W0 «OHIEsi» 2ekca-
ryopocurnikamu maroms bifibui 8UCOKY Kapiec-rpoghinakmuyHy eqheKmueHicmb 8 NopieHsIHHI 3 Ham-
pito ¢hriyopudom. Halibinbw akmusHUM 8UsI8USCS uemurnmipuduHito eekcagbriyopocurnikam 8 003i 15 me/ke
rpu euKopucmaHHi y suansdi opasibHUX annikauil 2esro, MmexaHiam il SK020 rornsieae 8 akmueauil
Jy»KHOI gbocgbamasu i nnizouumy nynbnu 3ybie. s nodanbuio2o 3aCmocy8aHHs CrioflyKu 8 MeOuYHil
npakmuuj, HeObXiOHO YMOBOI € PO3pobka HadiliHuX MemoduK Uio20 iBeHmuikauii ma KirbKiCHO20
8u3Ha4yeHHs1. Memoro pobomu cmana po3pobka MemoOuUKU KiflbKiCHO20 8U3HAYEeHHS uemunnipudu-
Hito eekcagbnyopocurikamy. [ns nodanbuio2o 3acmocyeaHHs 3arpornoHog8aHoi MemoOuKu Ot aHarli-
3y docridxKysaHoi crornyku, susdanu eanidauiliHi xapakmepucmuku. 3a pesynbmamamu rnposedeHux
docridxXeHb 8CMaHOBIIEHO, WO MemoOUKa KiflbKiCHO20 8U3Ha4YeHHS UemursnipuluHito eekcaghryo-
pocurnikamy 8 cybcmanujii eidrnogidae 3a napamempamu:. npagusibHICMb, NpeyusitiHicms, MiHIGHICMb
(4,=0.50smax A, =0.53, 6 = 0.177<max 6 = 0.32, a = 0.80<max a = 1.60, r = 1.0000zmin r = 0.9993).

PA3SPABOTKA METOOUKU KOIMTMYECTBEHHOIO OMPEAENEHNA HOBOIO
KAPUEC-NMPOPUNAKTUYECKOIO COEOUHEHUA

B.FO.AHucumoes, B.O.Nenbm6010m, H.FO.6ee3, B.A.eopausiHy,

Knroveenle crioea: hapmayesmuyeckull aHanu3; Kormu4ecmeeHHoe ornpedenieHue;

sanudayus aHanumu4eckol MemoOuKuU; uemusinupuduHUs 2ekcaghmopocuriukam;
Kapuec-npogunakmu4eckoe cpedcmeso

®mopudkl siensiromces 8axHeluwel nedyebHo-npogunakmuyeckol dobaeskoli 8 cocmase rtboli hop-
Mbi U pedomepauarom pasgumue Kapueca, rnosbiuiasi Cmolkocmes aMarnu, U rpersimemeyom ebipa-
6omke kucriom bakmepusamu 3y6Ho20 Harema. B Odecckom HayuoHarnbHOM MeOUUUHCKOM yHU8ep-
cumeme riposodumcs paboma no noucky ¢omopcodepxxaujux coeduHeHUl 8 pssdy YemeepmuyHbIX
OCHogaHUl ¢ nociedyrwWuM Ux NnpuUMeHeHUeM 8 cmomamorsioauu. @apmakonoaudeckue uccriedosa-
HUSI MToKa3aru, Ymo «OHUe8bIe» 2eKkcaghmopocusiukambl uMerom 6oriee 8bICOKYH Kapuec-npoguriak-
muyeckyr a¢hghekKmusHOCMb MO CpasHEHUO ¢ Hampusi pmopudom. Haubornee akmueHbIM OKa3ascs
uemunnupuduHusi eekcagphmopocunukam 8 dose 15 ma/ka npu ucronb308aHuUU 8 sude opasibHbIX ar-
nnukayul eensi, MexaHusm delicmeusi KOmopo20 3aK/Iydaemcs 8 akmusayuu weno4yHol ¢gpocghama-
3bl U flu3oyuma nynbrel 3y6os. [na danbHelwez20 npuMeHeHUs COeOQUHeHUsT 8 MeOQUUUHCKOU rpaK-
muke, Heobxo0UMbIM ycriogueM sierisiemcs paspabomka Ha0eXHbIX MemoOuK e2o0 udeHmugukayuu
U Koru4ecmeeHHoe0 orpederneHus. Llenbo pabomsi cmana paspabomka MemoOuKu KOUu4ecmeeH-
HO20 oripedesieHus uemunnupuduHusi 2ekcaghmopocusiukama. s danbHelweao Ucrnoib308aHUs
rnpednoxeHHol MemoOuKu Onsi aHanusa uccriedyemozo coeOUHEeHUs, udydarnu eanudayuoHHbIe Xa-
pakmepucmuku. 'lo pesynbmamam nposedeHHbIX uccriedosaHull ycmaHo8IeHo, 4mo MemoduKa Ko-
JludecmseHHO20 ornpederneHus: uemusnnupuduHUs eekcaghmopocusiukama e cybcmaHyuu coomeem-
cmeyem o rnapamempam: npasusibHOCMb, MPeyU3UOHHOCMb, TuHeliHocmb (A, = 0.50smax A, = 0.53,
0=0.177Smax 6 = 0.32, a = 0.80<max a = 1.60, r = 1.0000=zmin r = 0.9993).



