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The use of the HPLC method for the quantitative determination
of cetylpyridinium hexafluorosilicate in a dental gel

Cetylpyridinium hexafluorosilicate has been proposed as a caries preventive and antibacterial agent for use as a
gel for oral application, which requires development of quality control methods.

Aim. To develop the method for the quantitative determination of cetylpyridinium hexafluorosilicate in a dosage
form using HPLC.

Materials and methods. The object of the study is the experimental dosage form — a gel proposed for use in
dental practice. The research method is HPLC.

Results and discussion. The method for the quantitative determination of the active component, which allows
determining cetylpyridinium hexafluorosilicate in the gel in the presence of excipients of the dosage form, has been
developed. It is recommended to carry out this determination by the HPLC method using the column of 150 x 4.6 mm
in size filled with octadecyl silica gel for chromatography, the sorbent particle size of 3.5 ym, a mixture of perchlorate
buffer solution (pH 3.0) and acetonitrile (30 : 70) as a mobile phase and UV detection at the wavelength of 254 nm.

Conclusions. The conditions of the chromatographic study by the HPLC method proposed provide sufficient
selectivity for the quantitative determination of cetylpyridinium hexafluorosilicate in the dosage form, and it has been
confirmed by studying the validation characteristics of the method.
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B. O. AHicimos, B. O. l'enbmbonbaT, C. M. I'y6ap, A. B. Murans, H. 0. bes, B. A. l'eoprisiHy,

BukopuctaHHa metoay BEPX ans KinbKicHOro BU3Ha4YeHHs LeTunnipuauHiro
rekcachnyopocusiikaTy y CToMaTosoriYHoOMy resi

LleTnnnipuauHito rekcadprniyopocunikat 3anponoHOBaHU Sk Kapiec-npodinakTuiyHuii Ta aHTnbakTepianbHMn 3acio
[nsi 3aCTOCYBaHHS Y BUMMsAI rento 3 METO oparibHUX annikawin, Skui notpebye po3pobkyM METOAMK KOHTPOSHO SIKOCTI.

Meta po6oTu. Po3pobka MEeTOAMKM KifNlbKICHOTO BU3HAYEHHs LIETURNipuavHito rekcadonyopocunikaty metogom BEPX
y nikapcbkin dpopmi.

MaTtepianu Ta metoau. O6’eKTOM JOCNIMKEHHSA € eKCriepuMeHTanbHa nikapcbka dopma renb, 3anpornoHoBaHa
0N BUKOPUCTAHHS Y CTOMATOIOTiYHIN npakTuui. Meton gocnimkeHHa — BEPX.

Pe3ynbraTu Ta iX 06roBopeHHs. Y xodi 4oCnigKeHHs1 po3pobrneHa MeToauKka KinbKiCHOro BUSHaYEHHS Ail040ro KoM-
MOHEHTY, sIka A03BOMSE BU3HAYUTM LEeTUNNipUANHII0 rekcadnyopocunikat y refi y NpucyTHOCTI AOMOMIKHUX peYOBUH
nikapcbkoi hopmMu. BusHaveHHs pekomeHaoBaHo npoeoanTy metogoM BEPX Ha konoHLui poamipom 150 x4,6 mm, 3anoBHe-
Hil cunikarenem okTageunrncuninbH1M Ans xpomarorpadii 3 po3Mipom 3epeH copbeHTy 3,5 MKM 3 BUKOPUCTaHHAM SK
pyxomoi ¢hasu cymili nepxropatHoro 6ygepHoro posunHy pH 3,0 i aueToHiTpuny (30 : 70) Ta YO-geTekTyBaHHAM 3a
OOBXWUHN XBUNI 254 HM.

BucHoBkuU. 3anponoHoBaHi ymoBu xpomaTorpadiyHoro gocnigxkeHHsa metogom BEPX 3abesnevytoTs goctaTtHio
CEneKTUBHICTb KiNbKiCHOrO BU3HAYEeHHS LEeTUNNipUanHIt0 rekcadnyopocunikaTy y nikapcbkin opMi, WO NiaTBepaAXeHO
BMBYEHHAM BanigauiiHNX XapaKTepUCTUK METOLMKN.

Knroyoei cnoea: yemunnipuduHito eekcagbriyopocunikam, 2enb; KiflbKicHe gudHa4eHHs1; memod BEPX; eanidauis

B. 0. Anncumos, B. O. l'enbmbonbar, C. H. I'y6apb, A. B. Murane, H. HO. Bess, B. A. l'eoprusiHy,

Ucnonb3oBaHue metoga BAXKX ons konuyecTtBeHHOro onpegeneHus
LeTUNNUpUaNHUsA rekcacptTopocunmkata B CTOMaTosIorM4ecKkom resne

LleTnnnnpuanHna rekcadTopocunmkaTt NPeanioXeH B Ka4ecTBe Kapuec-npounakTnyeckoro n aHtmbakrepmarns-
HOro CpeacTBa AN NPUMEHEeHUs B BMAE rens Ans oparnbHbIX annnvkauvin, Ans KoToporo Heobxogmma paspaboTka
MeTOAMK KOHTPOMS KayecTsa.

Lenb pab6otbl. PaspaboTka METOAUKN KONMYECTBEHHOTO ONpeaeneHns LeTUNnMpuanHnsa rekcadtopocunukara
meTtogom BOXKX B nekapcTBeHHON hopMme.
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MaTepuanbi u meToabl. O6BHLEKTOM NCCNELOBaHMSA ABMSETCS IKCNEepUMeEHTanbHasi IekapcTBeHHas dopma refb,
npegnaraemas ans Ucrnonb3oBaHunsi B CTOMaTornornyeckon npaktuke. Metog nccnegosanmsa — BOXX.

Pe3ynkTaThl M X 06¢cyxaeHue. B xone nccnenosaHus paspabotaHa MeToauka KonmyeCTBEHHOMO onpeaeneHms
[OENCTBYHOLLLEro KOMMOHEHTa, NO3BONALLAs OnpeaensaTh LeTUNNMpUanHUS rekcaddTopocunmkar B refnie B npucyTcTBun
BCroMoraTernbHbIX BELLEeCTB fiekapcTBeHHON hopMmbl. OnpegeneHne pekoMmeHaoBaHo npoBoauTe Metogom BOXKX Ha
KONoHke pasmepoM 150 x4,6 MM, 3anOfTHEHHON CUNUKAarenemMm oKTageunncununbHbIM 4ns Xxpomatorpadum ¢ pasme-
pom 3epeH copbeHTa 3,5 MKM C MCNOMb30BaHWEM B KavyecTBe MOABWXHOW hasbl cMecu nepxrnopatHoro BydepHoro
pactBopa pH 3,0 n auetonutpuna (30 : 70), Y®-geTekTupoBaHne npu AnnHe BomHbl 254 HM.

BbiBoabl. [1peanoxeHHble ycrioBms xpomartorpaduyeckoro nccrnegosaHmsa metogoM BOXKX obecneuvBatot gocra-
TOYHYIO CENEKTMBHOCTb KONMMYECTBEHHOIO ONpeaeneHmns LETUNMMpuanHMS rekcadptopocunmkara B iekapCTBEHHON hopme,
4YTO NOATBEPXKAEHO U3yHEHNEM BanuOaUMOHHbIX XapakTepUCTUK METOAMKMN.

Knroyeenle crioea: uemunnupuduHus eekcaghmopocusiukam; eeflb; KorudecmeeHHoe ornpedesieHue; Memoo

BOXXX; eanudayus

It is known that the element of fluorine is involved
in the mineral metabolism in the bone tissue and teeth
due to the caries-protective and osteoprotective activity.
Unfortunately, overdose with fluorine can lead to binding
of calcium ions to inert calcium fluoride and appearan-
ce of the hepatotoxic activity. It has been found that
among various complex fluoride forms only hexafluo-
rosilicates reduce the ability of fluorine to bind calcium
ions and practically do not possess the hepatotoxic ac-
tivity compared to sodium fluoride.

The biochemical studies have proven that the mecha-
nism of caries preventive action of fluorine preparations
is based on their ability to increase the mineralizing in-
dex and the level of non-specific immunity of the teeth
pulp. Cetylpyridinium hexafluorosilicate synthesized at
the premises of the Odessa National Medical Univer-
sity showed the highest activity in the dose of 15 mg/kg
when used as a gel for oral application [1].

The composition and technology of the gel for oral
application has been developed and experimentally pro-
ven. Its composition includes a gel former — hydroxy-
ethyl cellulose, solubilizer — PEG-40, sorbitol introdu-
ced to provide moderate osmotic properties, and sodi-
um benzoate proposed as a preservative [2].

The aim of the work is to use the high-performance
liquid chromatography method for the quantitative de-
termination of cetylpyridinium hexafluorosilicate in the
gel composition.

Materials and methods

Cetylpyridinium hexafluorosilicate RS with the no-
minal content of 100.17 %; hydroxyethyl cellulose, PEG-40
(b. 40 manufactured by the JSC TOS plant “BARVA”),
sorbitol (b. KV9523 manufactured by Cerestar), sodium
benzoate, mint oil (b. LO1-211D50, Pharmaceuticals and
cosmetics, 07.11.2011), the class A glassware for measu-
ring, reagents meeting the requirements of the State Phar-
macopeia of Ukraine (SPhU), as well as an AB-204/A
Mettler Toledo analytical balance were used in the study.

The chromatographic determination was carried out
on a ProStar (Varian, USA) chromatograph under the
following conditions:

Test solution. Place approximately 2.5 g (accurate
weight) of the gel in a 50 ml volumetric flask, add 30 ml
of water R, sonicate for 15 min. Stir the solution using
a laboratory mixer till the complete dissolution of the

gel. Dilute the solution to the volume with the same sol-
vent, mix thoroughly, and filter through a “red tape” pa-
per filter. Filter the solution obtained through a 0.45 um
membrane filter.

Standard solution. Place approximately 50 mg (ac-
curate weight) cetylpyridinium hexafluorosilicate RS in
a 50 ml volumetric flask, dissolve in water R, dilute the
solution to the volume with the same solvent and mix.
Filter the solution obtained through a 0.45 pm memb-
rane filter.

Column: Waters XBridge™ C18, 0.15 m x 4.5 mm
with the precolumn filled with octadecyl silica gel for
chromatography with the sorbent particle size of 3.5 pm.

Column temperature: 25 °C.

Mobile phase: perchlorate buffer solution with pH
3.0 — acetonitrile R (30 : 70).

The flow rate of the mobile phase: 1.5 ml/min.

Detection: spectrophotometry at the wavelength of
254 nm.

The volume of injection: 20 pL.

The run time: 20 min.

The standard solution and the test solution were chro-
matographed alternately.

The quantitative content of cetylpyridinium hexa-
fluorosilicate in 100 g of the drug (g) was calculated by
the formula:

_S;-my-P-50-1100
~'S,-m,-50-10-100 °

where: S| — is the average value of the peak area of ce-
tylpyridinium hexafluorosilicate calculated from the chro-
matograms of the test solution; S, — is the average value
of the peak area of cetylpyridinium hexafluorosilicate
calculated from the chromatograms of the standard so-
lution; m, — is the sample weight of the drug, (g); m, —
is the sample weight of cetylpyridinium hexafluorosili-
cate RS, (g); P — is the amount of active substance in
cetylpyridinium hexafluorosilicate RS, (%).

The system suitability

The standard solution is used to verify the suitability
of the chromatographic system. The chromatographic
system is considered to be suitable if the following re-
quirements of the system suitability test are met:

* the efficiency of the chromatographic column calculated
for the main peak is not less than 5000 theoretical plates;



ISSN 2415-8844 (Online)

VISNIK FARMACII 4 (92) 2017

ISSN 1562-7241 (Print) 5

Table 1

The relative standard deviation (RSD) calculated for the areas of the main peaks of the repeated chromatograms

The number of 2 3 4 5 6 7 8
parallel injections
RSD, % 0.51 1.34 1.92 2.37 2.75 3.08 3.38

* the symmetry coefficient calculated for the main peak
is not less than 2.0;
* the relative standard deviation (RSD) calculated for
the areas of the main peaks of the repeated chroma-
tograms must not exceed the values given in Tab. 1:
In order to meet the requirements of the chromato-
graphic system suitability the changes in the chromato-
graphic conditions within the limits are permitted by the
SPhU, 2.2.46, “Methods of chromatographic separation”.

Preparation of the buffer solution with pH 3.0.
Dissolve 2.0 g of sodium perchlorate R in 300 ml of
water R, add 0.5 ml of triethylamine R and mix. Dilute
the pH of the solution obtained to 3.0 = 0.1 with diluted
phosphoric acid R. Filter the resulting solution through
a 0.45 um membrane filter.

Results and discussion

The physicochemical properties of cetylpyridinium
hexafluorosilicate described in the literature were used
when developing the method for the quantitative deter-
mination of the active pharmaceutical ingredient in the
composition of the gel [3].

The existing redox method of assay for cetylpyri-
dinium hexafluorosilicate in the substance [4] in this case
did not give a positive result because of the presence
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of excipients in the dosage form. To develop a method
for the quantitative determination of the gel active com-
ponent according to the requirements of the SPhU [5]
it was necessary to choose the conditions under which
enable the complete separation of the active substance
and excipients was possible within a reasonable time. Va-
rious combinations of the mobile phase and the pH values
of the medium were tested when developing this method.

Based on the experimental data it was found that as
the mobile phase it was expedient to use the mixture of
perchlorate buffer solution with pH 3.0 and acetonitrile
in the ratio of 30 : 70. Separation of the active compo-
nent and excipients that were not met under these con-
ditions was achieved with isocratic elution. Water for
chromatography was chosen as a solvent for prepara-
tion of the model, test and reference solutions.

The gel composition contains hydroxyethyl cellulose
and sorbitol, which complicated the sample preparation
and required additional filtering through a paper filter.

The conditions of the chromatographic determina-
tion proposed using the method of high performance li-
quid chromatography (HPLC) provide sufficient selec-
tivity. The solution of the standard sample of cetylpyri-
dinium hexafluorosilicate, the test solution of the drug
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Fig. 1. The chromatogram of the standard solution of cetylpyridinium hexafluorosilicate
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and the placebo solution were prepared and analyzed
to verify selectivity of the method. The chromatograms
obtained in the study of solutions are shown in Fig. 1-3.
As can be seen in the chromatogram of the placebo so-
lution (Fig. 3), there are no peaks that can interfere with
the determination of cetylpyridinium hexafluorosilicate,
and it may indicate the reproducibility of the method.
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Fig. 2. The chromatogram of the test solution

The studies have shown that the retention time of
the cetylpyridinium hexafluorosilicate peak in the test
solution coincides with the retention time of the main
peak in the reference solution with an accuracy of+ 2 %.
A number of validation characteristics such as specifici-
ty, linearity, convergence, precision and accuracy were
studied for the method proposed.

1
12

® < © © ~ © ) <)
e I 2 2 = 2 2 «

Fig. 3. The chromatogram of the placebo solution
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To estimate the error of the sample preparation of

the test solution and standard solution the theoretical va- 125 NI =1.0105x - 07923 1 = 0.9984
lues for analytic operation uncertainty were calculated, 120 —~
it was Asp = 0.89 % <B - 0.32 = 1.6 %. Therefore, the 115 >
estimated uncertainty of the sample preparation of the 110 R
method of analysis in general should provide sufficient s 105
accuracy of measurements. S 100

To prove the specificity of the method it is sufficient 2 95
to meet all requirements regarding the criteria of linearity, 90
correctness and precision since for the quantitative de- 85
termination of cetylpyridinium hexafluorosilicate in the 80 <
gel the HPLC method, which is specific, is used. 75

The assessment of 1inearity was performed in the 75 80 85 90 95 100 105 110 115 120 125

entire range of the method application using the standard
method. The study of the character of dependence of

the peak area on the concentration was carried out using  f;
9 model solutions with accurate weight of concentra-

Taken, %

g. 4. The linear dependence of the peak area on the concentration
of cetylpyridinium in the normalized coordinates

Table 2
Metrological characteristics of the linear dependence
Parameter Value Criterion (for tolerances Conclusion
from 95 % to 105 %, g =9)
b 0.9972 -
S, 0.0065 -
<. =1.24,
a 0.1708 2) if no'z exefugtseza1 ), then<26 corresponds
S, 0.6545 -
S 0.2514 <0.84 corresponds
r 0.9984 > 0.9981 corresponds
Table 3
The results of analysis of the model solutions and their statistical processing
The model | Introduced to the nominal The peak Found to the nominal Found in % to the introduced
solution No. amount (Xi, %) area amount (Yi, %) Zi =100 (Yi/Xi)
1 80.00 690186 79.70 99.63
2 85.00 737238 85.14 100.16
3 90.00 778533 89.91 99.90
4 95.00 822506 94.98 99.98
5 100.00 866068 100.01 100.01
6 105.00 909201 105.00 100.00
7 110.00 947054 109.37 99.42
8 115.00 996612 115.09 100.08
9 120.00 1037341 119.79 99.83
Mean, Z, % 99.89
Relative standard deviation, RSD,, % 0.23
Relative confidence interval, A, (%) =t (95 %, n-1) X RSD, = 1.860 x RSD,, % 0.43
Critical values for convergence of results, Aas, % 3.20
Systematic error § = |Z - 100| 0.11
Criterion of the systematic error insignificance
1) statistical uncertainty: § % < 1.03/3 =0.34(0.14 < 0.348) if it is not satisfied 1), then satisfied
2) practical uncertainty: 6% < 0.32x 1.6 =0.51 % (0.14 < 0.51)
The overall conclusion of the method correct
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Table 4
Metrological characteristics of the average results
m n X; X g2 S p t(P.v) anﬁdence 6 %
' " * interval
0.1618
0.1606
01599 6 -4 0.1611 +
6 5 0.1606 0.1611 1.55x 10 5.08 x10 95 0.2756 0.0005 0.81
0.1601
0.1632

tions (80, 85, 90, 95, 100, 105, 110, 115, and 120 %)
for analysis.

For each of these nine solutions of the sample the
average values of the peak areas (Si) were calculated.
Plotting of the calibration curve was carried out in the
normalized coordinates (Fig. 4) after processing of the
results obtained using the least squares method [5].

The statistical values b, Sb, a, Sa, Sr (residual stan-
dard deviation) and r (correlation coefficient) calculated
are shown in Fig. 4 and Tab. 2. Requirements for linear
dependence parameters are performed in the entire range
of application of the method proposed (80-120 %).

To measure and calculate the metrological evaluation
of convergence and correctness of the method three values
of the peak areas for the standard solution and 27 values of
the peak areas for model solutions were obtained. The ac-
tual values (X)), the ratio of the average values of the peak
areas for each of 27 solutions to the average value of the
peak area of the standard solution were calculated, the va-
lues Xi = (C/C,)- 100 %, Y, = (S/S,) - 100 %, as well as the
value Z, = (Y/X)) - 100 % were obtained (Tab. 3).

The results of determination of the quantitative con-
tent of cetylpyridinium hexafluorosilicate in the dental
gel studied are given in Tab. 4.

The analysis of the data has shown that the content
of the active ingredient in the gel is 0.1611 g/100 g (nor-
mally 0.1660 g/100 g), the relative uncertainty of the
result of the individual determination is 0.81 %.

CONCLUSIONS

1. The method of the quantitative determination of
cetylpyridinium hexafluorosilicate developed using the
HPLC method is suitable for the quality control of the
active substance in the dental gel. It has been proven
that the content of the active component of the dental
gel is within the permissible limits, and the metrologi-
cal characteristics of the method allow recommending
it for standardization of the product.

2. The validation characteristics of the method do
not exceed the critical value of the error (1.6 %) and are
characterized by qualitative analytical indicators.

Conflict of Interests: authors have no conflict of
interests to declare.

REFERENCES

1. Lepsky, V. V. Biochemical mechanisms of the caries prophylaxis action of hexafluorosilicates / V. V. Lepsky, V. Yu. Anisimov, V. V. Lepsky //
J. of Education, Health and Sport. — 2015. — Vol. 5, Issue 11. — P. 289-299.

2. Amicimos, B. }O. Po3po6ka cximamy Ta TexHounorii kapiectpoginakriasoro remo / B. FO. Anicimos, B. O. Tensm6omsar, H. I1. TTonosko //

Bicauk dapmarnii. —2015. — Ne 4 (84). — C. 58-61.

3. Development of methods for identification of cetylpyridinium hexafluorosilicate / V. O.Gelmboldt, V. Yu. Anisimov, N. Yu. Bevz,
V. A. Georgiyants // Der Pharma Chemica. —2016. — Vol. 8, Issue 1. — P. 169-173.

4. Development of the quantitative determination method for a new caries—preventive compound / V. Yu. Anisimov, V. O. Gelmboldt,
N. Yu. Bevz, V. A. Georgiyants // Bicauk ¢apmariii. — 2016. — Ne 1 (85). — C. 15-18.

5. JlepxaBHa hapmaxoriest Ykpainu : B 3-X T. / JlepkaBHe MiAIIPHEMCTBO « YKpaTHChKUIT HAYKOBUH (hapMaKOTeHUI IIEHTP SKOCTI JTIKapCHKHX
3ac00iBy. — 2—e BuI. — X. : YKpaiHChKHI HAYKOBUH (papMaKomelHMId EHTp SKOCTI JiKapchkux 3aco0iB, 2015. — T. 1. — 1128 c.

REFERENCES

1. Lepsky, V. V., Anisimov, V. Yu., Lepsky, V. V. (2015). Biochemical mechanisms of the caries prophylaxis action of hexafluorosilicates.

Journal of Education, Health and Sport, 5 (11), 289-299.

2. Anisimov, V. Yu., Helmboldt, V. O., Polovko, N. P. (2015). Visnik farmacii, 4 (84), 58-61.
Gelmboldt, V. O., Anisimov, V. Yu., Bevz, N. Yu., Georgiyants, V. A. (2016). Development of methods for identification of cetylpyri-

dinium hexafluorosilicate. Der Pharma Chemica, 8 (1), 169—173.

4. Anisimov, V. Yu., Gelmboldt, V. O., Bevz, N. Yu., Georgiyants, V. A. (2016). Development of the quantitative determination method for

a new caries—preventive compound. Visnik farmacii, 1 (85), 15-18.

5. Derzhavna Farmakopeia Ukrainy, v 3 tomakh, 2—e vyd. (2015). Kharkiv: Ukrainskyi naukovyi farmakopeinyi tsentr yakosti likarskykh

zasobiv, 1128.



ISSN 2415-8844 (Online) VISNIK FARMACII 4 (92) 2017 ISSN 1562-7241 (Print) 9

Information about authors:
Anisimov V. Yu., Candidate of Biology (Ph.D.), associate professor of the Pharmaceutical Chemistry Department, dean of the Pharmaceutical Faculty,
Odessa National Medical University. E-mail: vladimiranisimov(@ukr.net
Gelmboldt V. O., Doctor of Chemistry (Dr. habil.), professor, the head of the Pharmaceutical Chemistry Department, Odessa National Medical University.
E-mail: vgelmbold@te.net.ua
Gubar S. M., Candidate of Pharmacy (Ph.D.), head of the State Research Laboratory on Drug Quality Control, National University of Pharmacy. E-mail: gubarsn@ukr.net
Myhal A. V., postgraduate student of the Pharmaceutical Chemistry Department, National University of Pharmacy. E-mail: artem.migal@gmail.com
Bevz N. Yu., Candidate of Pharmacy (Ph.D.), associate professor of the Pharmaceutical Chemistry Department, National University of Pharmacy.
E-mail: nata.bevz.60@gmail.com
Georgiyants V. A., Doctor of Pharmacy (Dr. habil.), professor, head of the Pharmaceutical Chemistry Department, National University of Pharmacy. E-mail: vgeor@ukr.net
Binomocrti npo aBTopiB:
Anicimos B. 10., xanj. 6ioin. Hayk, go1eHT kadeapy papmaneBTHHOT Ximii, gexan GpapmaneBTHyHoro Gpakynsrery, OJechbKkuii HalioHAIbHIH MEANYHIH
yuiBepeuteT. E-mail: vladimiranisimov@ukr.net
Iensm6ombaT B. O., 1-p XiM. Hayk, mpodecop, 3aBimyBad kadenpu apmaneBTuunoi Ximii, Oechbkuil HalioHaIbHKH MeuHMi yHiBepenTeT. E-mail: vgelmbold@te.net.ua
Ty6ap C. M., kauz. dpapm. Hayk, 3aBinyBad Jlep)KaBHOT HAYKOBO-OCIiIHOT Taboparopii 3 KOHTPOIIIO SKOCTI JTiKapchKuxX 3aco0iB, HarionansHuil GpapmarieBTuaHui
yHiBepeutet. E-mail: gubarsn@ukr.net
Murains A. B., acniipant kadenpu papmareBruynoi Ximii, Harjionansuuit ¢papmanesrununuii ynisepeurer. E-mail: artem.migal@gmail.com
Bess H. 10., kauz. dapm. Hayk, nouent kadeapu dapmaresriudnoi ximii, Harionansuuit papmanesruanuii ynisepenrer. E-mail: nata.bevz.60@gmail.com
I'eoprisnn B. A., n-p dapm. Hayk, npodecop, 3aBigysau xadenpu dapmanesriuanoi ximii, Harionansunit dpapmanesrnannii ynisepeurer. E-mail: vgeor@ukr.net
Caegenusi 00 aBTopax:
Amnncumos B. 1O., kan. 6uos. Hayk, T0UeHT Kadeaps! GapMarieBTHUecKoi XUMUH, JIeKaH (hapMmarieBTHIecKkoro daxyisrera, Oecckuii HalMOHAIBHBIN MEIUIIMHCKHI
yauBepcuteT. E-mail: vladimiranisimov(@ukr.net
TensMmbombaT B. O., 1-p XuM. Hayk, npodeccop, 3aBeayromuii kadenpoii Gpapmanesruyeckoit xumun, OIeCCKuil HAMOHATBHBIA MEAULIMHCKUN YHUBEPCUTET.
E-mail: vgelmbold@te.net.ua.
Ty6aps C. H., xanz. dapm. Hayk, 3aBeayromnias [0cy1apCcTBEHHOI HayqHO-HUCCIICI0BATEIbCKOI TabopaTopreil o KOHTPOJIIO Ka4eCcTBa JEKAPCTBEHHBIX CPE/ICTB,
Hanmonansusrii Gpapmanernuecknii yunsepenret. E-mail: gubarsn@ukr.net
Muranb A. B., acnupanT kadeaps! hapmaieBruueckoit xumun, HarmonansHblii GpapmarieBrudeckuii yausepeutet. E-mail: artem.migal@gmail.com
Bess H. 10., kann. dapm. Hayk, noueHT kadeaps! hapmaneBTHaeckoil Xumun, HauonanbHelil papmaneBruyeckuii ynusepeurer. E-mail: nata.bevz.60@gmail.com
Teoprusian B. A., n-p dhapm. Hayk, npodeccop, 3aBeyromias kapeapoit hapmareBTuaeckoil Xumun, HarmoHansHbli GpapMaleBTHIeCKUi YHHBEPCUTET.
E-mail: vgeor@ukr.net

Haoitiuna oo pedaxyii 15.05.2017 p.



