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PaszpaboTka 1 BaIuganusa METOAUKHN KOJTUIECTBEHHOTO
omnpeaeJeHus TPUMeTa3HIuHA JUTHAPOXJI0PUIAA AIA
HCCIe0BaATEIbCKUX IeJIeH

P. Anppyxaune®?, C.H. Cycinna!

OI'AOY BO «Poccuiickuil yHugepcumem opyxcovt Hapodos um. ITampuca Jlymymosr», Mockea, Poccus
2Yuusepcumem /lamacka, [lamack, Cupus

AHHOTAIIUA

BBepgenue. Merogonorus papmManeBTHUECKON pa3pabOTKH IPeAyCMAaTPUBAET MOJIyIeHE U AHAJIU3 DKCIIEPUMEH-
TaJIBHBIX 00PA3I[0B, B YACTHOCTH I10 KOJIMUECTBY JEHCTBYIOIIETO BEI[ECTBA B CPEZIE PACTBOPEHUsI/BbICBOOOK /IeH . JlJist
CTaHAAPTHU3AIMY KauecTBa (papManeBTHIECKUX CyOCTaHITNI HCIIOIB3YIOT COBPEMEHHBIE CIIEKTPATIbHBIE U XpoMaTorpadu-
YeCKHe METO/IbI, UYTO CYIIECTBEHHO YCJIOXKHsET TeCTHPOBaHUEe 00pasloB B dKcrepuMeHTe. PazpaboTka W Bamganus
JIOCTYITHOH METOZMKU CIIEKTPO(OTOMETPHUECKOTO OIpe/ieIeH s TpuMeTasuauHa auruapoxiaopuzaa (TM/I) Heobxoauma
JUIS OLEHKY KMHETHKHU BBICBOOOXKIEHUS B HCCIIEAyEeMbIX 00pasiax.

IT e 1 b . PaspaboTka u Basinianus cueKTpoGhOTOMETPUYECKON METOAUKHU KOJTMYECTBEHHOTO onpenenenus TM/I.
MaTtepuanas u MeTo[b . ®apmaneBruueckue cydcraniuu TM/] 1 BCIOMOTraTeIbHBIX BEIIECTB COOTBETCTBO-
BaJIU TPeOOBAHUAM HOPMAaTHUBHBIX JIOKYMEHTOB 110 KadecTBy. CepTuduIpoBaHHbIe TPUOOPHI, 000PYZOBaHUE U UCIIOIb3Y-
eMble METOZIUKU COOTBETCTBOBAIN TpeboBauusaM ['ocynapcrBentoi ®apmakoneu PO XIV uzgauus u pekomenaanusam ICH.
PesynbTartsl. [ua pa3pabOTKH METOAUKH CIEKTPOGOTOMETPUIECKOTO orpezesieHus: TM/I yCTaHOBJIEH MaKCHMyM
IIOIJIOLIEHNA IIPU JIJIMHE BOJIHBI 269 + 2 HM. B cBA3K ¢ HEOOXOZUMOCTBIO KOJINYECTBEHHON OIleHKU IpodIell KUHETUKU
BBICBOOOXK/IEHU S IEHCTBYIOIIETO BEIIECTBA U3 SKCIIEPUMEHTATBHBIX 06pa3IoB (rpanysisaTh! 1 Tabaerkn) TM/I B KUCIOH cpezie
u dpocharaom Gydepe (pH = 6.8 + 0.05) BaTHUAAINIO METOAUKHU IIPOBO/IJIA B COOTBETCTBYIOIIUX yCIoBUsX. IlocTpoeHHast
KaJIMOpOBOYHAs KpUBas MOKA3aJIa, YTO JIMHEWHBIM JHUANa30H MPEIJIOKEHHON METOMKHU COCTAaBJIAET 5.0—25.0 MKT/MJI C
K03 PUITUEHTOM KOPPEJISIIIUU 0.9994 B kucioi cpeae (HCl 0.1 M) u 10.0—-50.0 MKr/Mi1 ¢ KO3G@HUITHEHTOM KOPPEJIAIIHI
0.9997 B dpocdatHOM Gydepe. Takue xapaKTepUCTUKY Pa3paboTaHHON METOINKY, KaK CIEIU(HUUHOCTD, IPABUJIBHOCTD U ITpe-
[IU3MOHHOCTD, HAXO/WJIHCH B JIOITYCTUMBIX ITpesiesiax. OmpesiesieHre ¢ OMOINbIo 3Tol Metoguku TM/I B MOJIe/IBHBIX CMeCAX B
cocTaBe IPaHyJI ¥ Ta0JIETOK [T0KA3aJI0 COBIIQ/IEHHE C TEOPETUUECKUMHU 3HAUeHUAMHU B TPAHUIIAX JOIYCTUMbIX OTKJIOHEHHH.
3axkniouyeHwue. PazpaboraHa U BATUAUPOBAHA CLIEKTPOMOTOMETPHUYECKAS METOIUKA KOJIMYECTBEHHOTO OIpeziesie-
Huys T/I Ipyu MakcuMyMe HOIJIOIIEHNUS 269 + 2 HM, YTO II03BOJIAET HCIIOJIb30BATh €€ B X07ie papManeBTHIeCKOH pa3paboTKY.
Karouesnle cnoa: TpuMeTazuIuH, aHAIUTHIECKIH MeTO/I, KOJIMIECTBEHHOE OIIPE/IeJIEHHE, CIEKTPO(OTOMETPYS, BAJTUALIVS.

Oo6pasen murupoBaHuAa: Anppyxaue P., Cyciuaa C.H. PazpaboTka u BaaumaIusa METOANKNA KOJIMYECTBEH-
HOTO OIpe/ieJIeH!sI TPUMETa3UINHA TUTHAPOXJIOPH/IA JJIs UCCIe0BaTeNbCKIX Testeit // Journal of Siberian Medical
Sciences. 2024;8(1):64-74. DOI: 10.31549/2542-1174-2024-8-1-64-74

Development and validation of an accessible analytical method for
the quantification of trimetazidine dihydrochloride for research
purposes
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ABSTRACT
Introduction. The methodology of pharmaceutical development provides for the preparation and analysis of
experimental samples, in particular by the amount of an active substance in the dissolution/release medium. Modern spec-
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tral and chromatographic methods are used to standardize the quality of pharmaceutical substances, which significantly
complicates testing samples. The development and validation of an accessible method for the spectrophotometric determi-
nation of trimetazidine dihydrochloride (TMD) is necessary to assess the release kinetics in the samples studied.

A im . Development and validation of a spectrophotometric method for the quantitative determination of TMD.
Materials and methods. Pharmaceutical substances of TMD and excipients met the quality requirements
of regulatory documents. The certified devices, equipment and methods used complied with the requirements of the State
Pharmacopoeia of the Russian Federation, 14th ed. and the recommendations of the International Council for Harmonisa-
tion of Technical Requirements for Pharmaceuticals for Human Use (ICH).

Results. To develop a method for the spectrophotometric determination of TMD, the maximum absorbance was
detected at 269 + 2 nm. Due to the need to quantify the release profiles of the active substance from experimental samples
(granulates and tablets) of TMD in acidic medium and phosphate buffer (pH = 6.8 + 0.05), the method was validated under
such conditions. The constructed calibration curve showed that the linear range of the method is 5.0-25.0 pg/ml with a
correlation coefficient of 0.9994 in acidic medium (HCI 0.1 M) and 10.0—50.0 ug/ml with a correlation coefficient of 0.9997
in phosphate buffer. Such characteristics of the method as specificity, accuracy and precision were within reference limits.
The determination of TMD using this method in mixture models formulated into granules and tablets showed coincidence
with the reference values within the limits of acceptable deviations.

Conclusion. Aspectrophotometric method for the quantitative determination of TMD within the maximum absor-
bance at 269 + 2 nm was developed and validated, which makes it possible to use it during pharmaceutical development.
Keywords: trimetazidine, analytical method, quantification, spectrophotometry, validation.
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BBEJAEHUNE INTRODUCTION
TpumerazuHa JIUTHAPOXJIOPU]T (T™M/T) Trimetazidine dihydrochloride (TMD) [1-(2,3,4-
[1-(2,3,4-TpuMeTOKCUOEH3 M )-IUIIepasuHa  JTUTH- trimethoxybenzyl)-piperazine dihydrochloride]

nmpoxsopuz] (puc. 1), MOJIeKy/IsipHast Macca — 339 T,
sipyisieTcs: 3MGEKTUBHBIM, XOPOIIO TePeHOCHMbIM
MperapaToM, HCIOJIb3yeMbIM B KapJUOJOTHU JIJIst
HOpPMaJIU3aIMK  MeTabOJIMYECKHUX TIpoIeccoB [1].
TpumeTrasuauH — TUMTOPUIBLHOE cIab0e OCHOBaHUE C
JIByMsI 3HAUEHUSIMU 1TOKa3aTeJIsi KOHCTAHThI KUCJIOT-
Hoctu (pKa): pKa1 = 4.45 + 0.02 u pKa2 = 9.14 + 0.02
[2], c oueHBb HU3KOM PACTBOPUMOCTHIO B BO/IE ITO CPAB-
HEHUIO C O/THOITPOTOHUPOBAHHBIM WJIU JIBAKIBI IIPO-
TOHUPOBAHHBIM TPUMETAZUIUHOM, 06Pa3yIOIINMCS B
kucsion cpege. TM/I Kak cosb MpeAcTaBisieT cobou
CJIeTKA TUTPOCKOIIMYHBIN OesIbId FUTH TOYTH OesIbIit
KPHUCTULINYECKUH TOPOIIIOK, JIETKO PACTBOPUMBIH B
BOJIe ¥ YMEPEHHO — B criupre [3].

AHayu3 JIMTEpPaTyphbl TOKa3al HaJUYhe 3HAYU-
TEJIPHOTO KOJIMYECTBA METOJHK: CIIEKTpOdOTOME-

CHy O

)

H.Co
Sl s

_CHj

(Fig. 1), having molecular weight of 339 g, is an effec-
tive, well-tolerated drug used in cardiology to nor-
malize metabolic processes [1]. Trimetazidine is a
lipophilic weak base with two values of the acid dis-
sociation constant (pKa): pKai = 4.45 + 0.02 and
pKa2 = 9.14 + 0.02 [2], with very low aqueous solu-
bility compared with single-protonated or double-
protonated trimetazidine formed in acidic medium.
TMD as a salt is a slightly hygroscopic white or
almost white crystalline powder, freely soluble in
water and sparingly — in alcohol [3].

An analysis of the literature has shown a signifi-
cant number of analytical methods (spectrophotom-
etry in the ultraviolet (UV) and visible regions, chro-
matography (high-performance liquid, high-perfor-
mance thin-layer and gas), electroanalytical and

2HCI

K/NH

Puc. 1. Popmysia TpUMETA3UANHA JUTHAPOXIOPUIA
Fig. 1. The chemical structure of trimetazidine dihydrochloride
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Tpuueckue B yibrpaduosieropor (COM-YO) wu
BUIUMOM 00J1aCTsIX, XpoMaTorpadgpuuecKue: BHICOKO-
o PexkTuBHAA KUAKOCTHAS, BBICOKO3h(eKTUBHAA
TOHKOCJIOWHAsS ¥ Ta30Basi, 3JIEKTPOAHATTUTHIECKHE U
XEMIWIIOMUHECIIEHTHbIE METOAUKU U Ap. — JUId
KOJINYECTBEHHOI'0 ompeziesieHusa (apmareBTuye-
ckout cybcranmuu TM]T [4]. Cpenu 5THX MeETOAUK
COM-Y® maubosiee MpeAIOUTHTEIbHA IS HCCTIe-
JIOBATEJIbCKOU MPAKTHUKU B CBSA3U C IPOCTOTOU IIPO-
BeJIEHUs aHAIN3a, JIOCTYITHOCThI0 0OOPYIOBAaHUSA KU
PaCXOIHBIX MAaTEPUAJIOB U SKOHOMHUEH BpeMeHHU [5].

T.K. Murthy et al. mpe/yioskeHsI /1Be IPOCThIE U
YyBCTBUTEJIPHBIE CHEKTPOPOTOMETPUUECKHE METO-
JUKU 1A onpeneneHus TM/[ B IpoMeXyTOYHBIX
MIPOJIyKTaX U JIEKapCTBeHHBIX popmax (JID). ITepras
OCHOBaHA HAa OKHCJIUTEJIbHOM CBS3BIBAHWU TH/IpPa-
3UHTUAPOXJIOPUIA 3-METII-2-0€H30THA30JIMHOHA C
TM/I B npucyTCTBUU cyabdaTa epus U aMMOHUA C
MOJIyYeHUEM OKPAIIIEHHOTO KOMILJIEKCAa U HU3Mepe-
HHEM €ro TMOTJIOIIEHHSA IpU 520 HM. BTopas mero-
IUKa — II0 PEaKIUH OKHCJIEHNS/BOCCTAHOBJIEHUS
TMZ c¢ peaktuBom Ponuna-Yoxkansrey (Folin-
Ciocalteu), ¢ u3MepeHreM ONTHYECKOH ILIOTHOCTH
OKpAaIIeHHOTO IPOAYKTA ITpu 745 HM [6]. TM/I Taxke
omnpezensanu B JI® ¢ noMOLIbI0 METOAUK, OCHOBAH-
HBIX Ha 00pa30BaHUU OKpAIIEHHBIX KOMILIEKCOB: C
HOZI0M B KauyecTBe O-aKIeNTopa B CyXOM 1,2-/1U-
XJIOpaTaHe — abcopOIMsA KOMIUIEKCA JKEJITOTO IBETA
IpU JJTUHE BOJIHBI 364 HM U C OPOMKPE30JIOBBIM
3€JIEHBIM B CYXOM 1,2-TUXJIOPATaHE C 00pa30BaHUEM
OKpAIIIEeHHOTO KOMIUJIEKCA B PACTBOpPE, U3MEPEHHOM
pu 408 uMm [7].

G. Krishnamoorthy, M. Ganesh paspa6oranu
MeToguKy aHanusza TM]I, OCHOBaHHYI0O Ha U3Mepe-
HHUU ONTUYECKOU IUIOTHOCTU BOJHOTO PacTBOpa Mpu
270 HM C IMANla30HOM JIMTHEUHOCTU OT 400 JI0 700
MKT/MJI, YTO TaK}Ke€ YCIIENIHO IPUMEHSETCA JJIs
ompeziesIeHus: JIeHcTByIolero Bemecrea B JI® [8].
IIpu ampobanuu 5TOH METOAVKH YCTAaHOBJIEHA BO3-
MOKHOCTD €€ HCIIOJIb30BaHUs B OTHOIIIEHUH (papMa-
neBTHYecKou cyocrannyu TM/I ¢ pasHbIM Ipamnaso-
HOM JINTHEWHOCTH, OJHAKO OHA OKa3ajiach HEIpHMe-
HHUMAa IIPU OIleHKE KHMHETHUKU BBICBOOOXKIEHUS WJIH
KOJIMYECTBEHHOTO OTIPE/IEIEHUS B COCTaBE SKCIIEPH-
MeHTaJIbHBIX 00pas1oB JIO.

E.B. KomnaHIleBOH U COaBT. OIICAaHA METOAUKA
KoJTnuecTBeHHOTO onpeaenenus TM/] B TabieTkax,
MTOKPBITHIX 000JIOUKOHM, B COOTBETCTBHUHU C OOIIEH
dapmakomnerinonr cratbelt (OPC) 1.2.1.1.0003.15
«CnektpodoToMeTpuss B YAbTpa(UOIIETOBOH U
BUAUMOU oOsactsax». Cpefla pacTBOpeHHUs U pac-
TBOPUTEJIb JIJIA ONpPEJEJIEHUs] CTAHAAPTHOTO PacT-
Bopa: HCl 0.1 M, £ =233 am. Konuuecrso TM/I B
obpasIie orpesiesisieTcs MyTeM U3MepeHUs OITHYe-

chemiluminescence methods, etc.) for the quantita-
tive determination of the pharmaceutical substance
of TMD [4]. Among these methods, UV spectropho-
tometry is the most preferred for research practice
due to the ease of analysis, affordability of equip-
ment and supplies, and time savings [5].

Murthy et al. proposed two simple and sensitive
spectrophotometric methods to determine TMD in
bulk and in dosage forms (DFs). The first is based on
the oxidative coupling of 3-methyl-2-benzothiazoli-
none hydrazone hydrochloride with TMD in pres-
ence of ceric ammonium sulfate to form a colored
product with £ at 520 nm. The second method is
based on the oxidation/reduction reaction of TMD
with Folin-Ciocalteu reagent to form a colored prod-
uctwith£ _at745nm[6]. TMD was also determined
in DFs using techniques based on the formation of
colored complexes: with iodine as o-acceptor in dry
1,2-dichloroethane — the maximum absorbance of a
yellow colored complex at 364 nm and with bromo-
cresol green in dry 1,2-dichloroethane with the for-
mation of a yellow colored complex with the maxi-
mum absorbance at 408 nm [7].

Krishnamoorthy and Ganesh developed a spec-
trophotometric method for detection of TMD based
on measuring the absorbance at 270 nm with a con-
centration range from 400 to 700 pg/ml, which is also
successfully used to determine the active substance in
DFs [8]. During the testing of this method, the possi-
bility of its use for the pharmaceutical substance of
TMD with a different range of linearity was revealed;
however, it turned out to be inapplicable when evalu-
ating the release kinetics or quantification in the com-
position of experimental samples of DFs.

The method of quantitative determination of
TMD in coated tablets, in accordance with the
general pharmacopoeial monograph (GPM)
1.2.1.1.0003.15 Spectrophotometry in the UV and
visible area is described by Kompantseva et al.
The dissolution medium and solvent for the deter-
mination of the standard solution: HCl 0.1 M,
£ .. =233 nm. The amount of TMD in the sample is
determined by measuring the absorbance of the
standard and test solutions [9].

Because of developing modified-release dosage
forms of TMD involves a dissolution test in two dif-
ferent media: acidic medium (HCI 0.1 M) and phos-
phate buffer (pH 6.8 + 0.05), it is necessary to
develop and validate a technique for each of them.

AIM OF THE RESEARCH

Development and validation of a spectrophoto-
metric method for the quantitative determination
of TMD.
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CKOH IUJIOTHOCTH CTAHZAPTHOTO U HCIBITYEMOTO
pactBopos [9].

B cBs13H ¢ TEM, UTO CO3/IaHKE CUCTEM MOIUMDHUIT-
poBaHHOTO BBICBOOOXKAeHuss TMJ/I mpesmnosaraer
MIPOBEJIEHHUE TECTA PACTBOPEHUS B /IBYX PA3HBIX Cpe-
nax: kucsoi cpene (HCl 0.1 M) u pocdhataHoM Oydepe
(pH 6.8 £ 0.05), HeoOXOAMMO pa3paboTaTh U BaJIU-
JIUPOBATh METOJIUKY IS KaXK/I0H U3 HUX.

IIEJIb NCCJIEAJOBAHUA

PazpaboTka u Banmupaius CrneKTpohOTOMETpHU-
YeCKOH MEeTOANKH KOJMYECTBEHHOTO OIIpesiesie-
Husa TM/I.

MATEPUAJIBI 1 METO/IbI

DKCIIepUMEHTHI ITPOBEIEHBI Ha Kadeape obiei
dapmaneBTHUeCKOl U OHOMEIMUITUHCKON TEXHOJIO-
run Meguiuackoro uHcerutyra ®I'AOY BO «Poc-
CUUCKUI YHUBEPCUTET JpPYKOBI HAPOZOB WM.
ITatpuca JIymymObI» B COOTBETCTBUM C hapMaKo-
MMeHHBIMU METOINKaMU [10].

0O0bBexT uccaegopauua: TM/I (Trimetazidine,
CAS 5011-34-7, Alcon Biosciences Pvt. Ltd., Uagus),
Kommgou® SR (Kollidon® SR, CAS 9003-20-7,
BASF, Tepmanusi), dyaparut® RS30D (Eudragit®
RS30D, CAS 33434-24-3) u Oyzaparut® RSPO
(Eudragit® RSPO CAS 33434-24-1) mpouU3BOJICTBA
Evonik (Tepmanust), IToIUBUHUITAPPOIUAOH-K25
(Povidone K25, CAS 9003-39-8, Boai NKY
Pharmaceuticals Ltd, Kuraii).

OnpepesieHne MakKCHUMyMa IOIVIOIIeHUA
(£ .)- Tounyio HaBecky 100.0 mr TM/I pacTBopsiu
B 100 M1 0.1 M HCI ¢ mosyuyeHneM HUCXOTHOTO pac-
TBOpa (1000.0 MKT/MJI). AJTUKBOTBI MCXOTHOTO Pac-
TBOpA IMEPEHOCWJIM B MEpPHbIE KOJIOBI JJIs IOJIyue-
HUA KOHIEHTpalui 5.0, 10.0, 15.0, 20.0, 25.0,
30.0 MKI/MJI COOTBETCTBEHHO. PacTBOpHI CKaHUPO-
Bamn B Y®-nmamazoHe Ha CreKTpodOTOMETpE
C®-102 (Poccusa), MakCMMyM MOIJIOIIEHHA A
MOJIyYeH IPH JUIMHE BOJHBI 269 HM. [lo 3TOH ke
cxeme Takke Oblia ompejieJieHa BeJIMYUHA K B
docdaraom 6ydepe (pH 6.8 + 0.05), KoTOpas Tak:Ke
cocraBuia 269 HM.

[Ipenyiaraemas MeTOAMKa OIlEHUBAJIACH IO aHA-
JIMTHYECKUM TMapaMmerpaM B kuciou cpeme (HCI
0.1 M) u pocharaom 6ydepe (pH 6.8 + 0.05) B cooT-
BercTBuH ¢ OPC 1.1.0012.15 «Baymmpgainusa aHaIuTu-
yeckux metouk», OPC 1.2.1.1.0003.15 «CrnekTpo-
doromerpuss B YO wu BuguMod o6yacTaAx» U
0®dC.1.4.2.0014.15 «PacTBOpeHue /i1 TBepPbIX
JIOBUPOBAHHBIX JIEKAPCTBEHHBIX ¢GopM» [10] U ¢
pexomenpanusivu ICH [11].

AnpobGanua meroguxku B HCI 0.1 M. Ananu-
THYecKass 00JIacTh: /ISl OMpeZieJIeHUsT WHTepBasa

MATERIALS AND METHODS

The experiments were conducted at the Depart-
ment of General Pharmaceutical and Biomedical
Technology of the Medical Institute of the Peoples’
Friendship University of Russia in accordance with
pharmacopoeial techniques [10].

The object of research: TMD (Trimetazidine,
CAS 5011-34-7, Alcon Biosciences Pvt. Ltd., India),
Kollidon® SR (CAS 9003-20-7, BASF, Germany),
Eudragit® RS30D (CAS 33434-24-3) and Eudragit®
RSPO (CAS 33434-24-1, Evonik, Germany), Polyvi-
nylpyrrolidone k25 (Povidone K25, CAS 9003-39-8,
Boai NKY Pharmaceuticals Ltd, China).

Determination of the maximum absor-
bance (£ ). An accurately weighed quantity of
100.0 mg of TMD was dissolved in 100 ml of 0.1 M
HCI to obtain a stock solution (1000.0 pg/ml).
Aliquots of the stock solution were transferred to
graduated flasks to obtain concentrations of 5.0,
10.0, 15.0, 20.0, 25.0, 30.0 ug/ml, respectively. The
solutions were analyzed in the UV range using a
SPH-102 spectrophotometer (Russia), A, was found
at 269 nm. According to the similar manner, the £
value in phosphate buffer (pH 6.8 + 0.05) was
determined, which also amounted to 269 nm.

The proposed method was evaluated by analyti-
cal parameters in acidic medium (HCI 0.1 M) and
phosphate buffer (pH 6.8 + 0.05) in accordance
with the GMP 1.1.0012.15 Validation of analytical
techniques, GMP 1.2.1.1.0003.15 Spectrophotom-
etry in the UV and visible area and GMP
1.4.2.0014.15 Dissolution of solid pharmaceutical
dose forms [10] and with the recommendations of
the International Council for Harmonisation of
Technical Requirements for Pharmaceuticals for
Human Use (ICH) [11].

Approbation of the method in HCI 0.1 M.
Analytical range: to determine the interval between
the lower and upper concentration values, several
concentrations of TMD in 0.1 M HCl in the range of
1.0—40.0 pg/ml were prepared and their absorption
was recorded at 269 nm.

Linearity: to check linearity, the absorbance of
5 samples with different concentrations of TMD was
measured. A calibration curve was constructed rep-
resenting the absorbance at concentration, and an
equation y = bx + a with a correlation coefficient (R?)
was obtained.

Specificity: shows that the presence of related
excipients does not affect the result of the analysis
in an unintended way. For this purpose, various
solutions of TMD at a certain concentration (HCI
0.1 M) were prepared and their absorbance values
were measured using the spectrophotometer at
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Ta6una 1. OneHka NpaBU/IbLHOCTH METOAUKHU B Kucon cpese (HC1 0.1 M)
Table 1. Assessment of the accuracy of the method in acidic medium (HCI 0.1 M)

KoHueHTpanus, MKT/MJI
Concentration, pg/ml

CpegHee 3HaueHUe * SD, MKr/M
Mean value * SD, pg/ml

BoccraHoBiienue + RSD, %
Recovery + RSD, %

7.5 7.44 £ 0.07
10.0 9.95+0.19
12.5 12.40 £ 0.24
15.0 15.01+0.26
17.5 17.3+0.30

99.15 £ 0.95
99.46 + 1.94
99.23 £ 1.96
100.09 £1.73
98.86+1.71

[Ipumeyanue. SD - cranjapTHOe oTK/JI0HeHUe; RSD - oTHOCUTe/IbHOE CTaHJapTHOE OTKJIOHEHHUeE.

Note. SD - standard deviation; RSD - relative standard deviation.

MEX/Iy HIDKHUM U BEDXHUM 3HAUEHUAMHU KOHIIEH-
Tpaluy TOTOBWIH PsAx KoHieHTpanuii TM]T B HCI
0.1 M B nmamnasoHe 1.0—40.0 MKI/MJI B (PUKCUPO-
BaJIU UX MIOTJIOIIEHHE IIPHU 269 HM.

JIuHEeNHOCTD: ISl MPOBEPKU JIMHEHHOCTU U3Me-
PSJTA ONTHYECKYIO TUIOTHOCTD 5 00pAas3IioB ¢ pa3Ind-
HBIMU KoHIleHTparusamu TMJI. KanubpoBouHyio
KPUBYIO CTPOWJIM, IIPE/ACTABASA ONTUYECKYIO IIJIOT-
HOCTb IIPU KOHI[eHTPaIN!, U MOJIy4aii ypaBHEHHE B
dopme y = bx + a ¢ xkoshPUIHEHTOM KOPpEJs-
muu (R?).

CrenuduYHOCTh: TIOKA3bIBAET, YTO HAJINYUE
COIIYTCTBYIOIIIUX KOMIIOHEHTOB HE BJIUSET HAa PEe3YJIb-
TaT aHAJIM3a HEIPEeIyCMOTPEeHHBIM obpasom. s
5TOr0 rOTOBWJIM pas3jinuHble pacTBopbl TM/I ompe-
nenenHol kounenTparuu B HCl 0.1 M u mostyganu
3HAUEeHUs WX IOIJIOIIeHUA Ha cleKTpodoToMeTpe
npu A= 269 HM. 3aTeM NpoLeypy HOBTOPAJIH C
00aBJIEeHUEM WCIOJIb3YEMbBIX BBIIIEYIOMIHYTHIX
BCIIOMOTaTeJIbHBIX BerecTs (BB).

[IpaBUJIBHOCTB: YCTAHABJIUBAJIU C HCIOJIH30-
BaHUEM 5 MOBTOPOB /I KaXKJOT'0 U3 5 YPOBHEH
KOHIIEHTPAIlUU, BKJIIIOUEHHBIX B INAIA30H JUHEH-
HoctH, pactBopoB TM/I 8 HCl 0.1 M. Onituyeckyio
IJIOTHOCTh U3MEPSJIN Ha CIIEKTPODOTOMETPE IPU
269 HM /I KaXX/IOTO YPOBHA KOHIIEHTpAaIlUU,
3aTeM 10 KaJubpoBaHHOMY TpadHKy OIpese-
aanu KoHeHTpanuio TM/] B pacTBope u paccuu-
TBIBAJIU CpeJlHee 3HaueHHe KOHIeHTpaluu
(tab. 1).

[Ipenn3MOHHOCTh: U3y4YaeTcsi Ha OJHOPOJIHBIX
BBIOOPKAX M MOXKET OIEHMBATHCS KaK IIOBTOpsie-
MOCTh (CXOIMMOCTh) M Kak BHyTpHJIabopaTopHas
(IpoMeskyTOUHas1) TPENHU3UOHHOCTh. IloBTOpsie-
MOCTBb MOXKHO OIIPE/IeIUTD IIyTeM aHaIu3a 4 MOBTO-
POB UL KQXKI0TO U3 5 YPOBHEN KOHIIEHTpanuu (5.0,
7.5, 10.0, 12.5, 15.0 MKT/MJI) B TOT 3K€ JIeHb, 3aTeM
aHAIN3 TOBTOPSIJIU B TeUEHUE TPEX PA3HBIX JHEH
JUISL OIEHKH IIPOMEXKYTOUHOU IPENU3UOHHOCTH,

A,.. = 269 nm. The procedure was then repeated
with the addition of the abovementioned exci-
pients.

Accuracy: it was assessed using 5 replications for
each of 5 concentrations included in the linearity
range of TMD solutions in HCI 0.1 M. The absor-
bance was measured using the spectrophotometer at
269 nm for each concentration level, then the con-
centration of TMD in the solution was determined
using a calibration plot and the mean concentration
value was calculated (Table 1).

Precision: it is studied using homogeneous
samples and can be assessed as repeatability and
as intermediate precision. Repeatability can be
determined by analyzing in 4 replications for
each of 5 concentrations (5.0, 7.5, 10.0, 12.5,
15.0 pg/ml) on the same day, then the analysis was
repeated over three different days to assess inter-
mediate precision by determining its reproducibil-
ity (Table 2).

Approbation of the method in phosphate
buffer (pH 6.8 + 0.05). Analytical range: several
TMD concentrations of TMD were prepared in phos-
phate buffer (pH 6.8 + 0.05) in the range of 1.0—
70.0 pug/ml and absorbance values were determined
at 269 nm.

Linearity: the absorbance of 5 samples with dif-
ferent concentrations of TMD in the analytical range
was determined and a calibration curve was con-
structed.

Specificity: solutions of TMD and various excipi-
ents were prepared at known concentrations, and
their absorbance values were determined at
A... = 269 nm. TMD concentrations were calculated
using the equation of a calibration plot.

Accuracy: the absorbance was measured using
the spectrophotometer at 269 nm for 5 levels
included in the linearity range. The concentrations of
TMD solutions and the concentration of TMD in

IyTeM OIpeNeeHUussT €ee  BOCIPOU3BOJUMOCTH solution were determined using the calibration plot.
(tabi. 2). This procedure was repeated 5 times for each con-
68 Journal homepage: http://jsms.ngmu.ru
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Ta6auna 2. OnieHKa NOBTOPSIEMOCTH Y MPOMEXKYTOYHOM MPEM3MOHHOCTH METOAUKH B Kucoi cpege (HCI 0.1 M)
Table 2. Assessment of repeatability and intermediate precision of the method in acidic medium (HCI 0.1 M)

KoHueHTpaums, MKr /M1

BoccraHoBsienue * RSD, % / Recovery * RSD, %

Concentration, pg/ml

B Teuenue oaHoro gHsa / Within one day

B TeueHue Tpex AHel / Over three days

5.0 99.72 +1.76
7.5 99.79 + 1.13
10.0 99.90+1.12
12.5 99.40 £ 0.89
15.0 99.83 +1.39

99.69 + 1.68
99.20+1.81
100.16 + 1.44
99.17 £ 1.41
100.03 £1.19

[Ipumeyanue. RSD - oTHOCHTe/IbBHOE CTaHAAPTHOE OTKJIOHEHHE.

Note. RSD - relative standard deviation.

AnpobGanmua wmeronuku B ¢ocdarHOM
oydepe (pH 6.8 + 0.05). AHajmuTHYecKas
o6JtacTh: rOTOBWIN P KoHIleHTpanuit TM/I B doc-
dataom 6ydepe (pH 6.8 + 0.05) B AuanazoHe 1.0—
70.0 MKT/MJI ¥ ONpPENeSIN BEJTUYHHBI IOTJIONIE-
HUA IpU 269 HM.

JIMHENHOCTD: ONIPEeEIsIH TOTJIOIEeH e 5 TTPob ¢
Pa3JIMYHBIMU HAXOASAIIMMHUCS B AHAJTUTHYECKOU
obsractu koHINeHTpamuavu TM/] u cTpowau KaIu-
OPOBOYHYIO KPUBYIO.

CrnenuduyHocTh: roTroBWwIN pacrtsopbl TM/I u
pasHbIix BB B u3BeCTHBIX KOHIIEHTPAIUAX U Opejie-
JIATA 3HAYEeHHA X MOTJIOMEHH IpU A = 269 HM.
C WCIoJIb30BaHWEM YpaBHEHHs KaJTuOpPOBAHHOTO
rpaduka paccuuThIBaIu KoHIeHTpanuu TM/I.

[IpaBUIBHOCTB: TTOTJIOIIEHUS U3MEPSIIU C TIOMO-
1IbI0 crieKTpodoToMeTpa Ipu 269 HM JJI 5 YPOB-
Hel, BKJIIIOUEHHBIX B JWanas3oH JimHelHocTH. KoH-
nentparnuu pactsopoB TM/I u koruentpanuio TM/]
B PACTBOPE OIPENESIN C UCIOJIb30BAHUEM KaJIU-
6poBanHOro rpaduka. ATy IPOLEAYPY TOBTOPSIIH
5 pas I KaKJA0TO YPOBHS KOHIIEHTPAIlMU U pac-
CUUTHIBAJIU CpeJTHEe 3HaueHue (Tabt. 3).

[Ipenn3noOHHOCTE: 5 KOHIleHTpanui (15.0, 20.0,
30.0, 40.0, 45.0 mxr/Mit) TM/]I B docdaTHOM Oydepe
QHAJIM3UPOBAJIN IPU 269 HM 4 Pasa B OFUH U TOT Ke
JleHb (TIOBTOPSIEMOCTD (CXOZUMOCTD)), 3aTEM aHAIN3

centration level and the average value was calculated
(Table 3).

Precision: samples in 5 concentrations (15.0,
20.0, 30.0, 40.0, 45.0 ug/ml) of TMD in phosphate
buffer were analyzed at 269 nm 4 times on the same
day (repeatability), then the analysis was repeated
more over three different days (intermediate preci-
sion) (Table 4).

Analysis of trimetazidine dihydrochlo-
ride in experimental samples. To test the deve-
loped UV spectrophotometric method developed
for the quantification of TMD, the quantitative
detection of the active substance was performed:
(a) in experimental samples of TMD solid disper-
sions using various polymers; (b) in immediate-
release tablets (Trimetazidine 20 mg, film-coated
tablets, Ozon LLC, Russia) (T20) and in prolonged-
release (Deprenorm MV 35 mg, prolonged-release
film-coated tablets, Canonpharma Production
CJSC, Russia) (T35).

In solid dispersions: an accurately weighed
quantity of crushed TMD samples (TD1, TD2 and
TD3) containing 10.0 mg of the active substance of
TMD were placed in 100 ml graduated flasks, and
dissolved in HCI 0.1 M, diluted to volume, then fil-
tered. Standard solutions with concentrations in
the range of 5.0—25.0 pg/ml were prepared from

Ta6una 3. OueHKa NpaBUIbHOCTU MeTOLUKU B pochaTHOM 6ydepe (pH 6.8 £ 0.05)
Table 3. Accuracy assessment of the method in phosphate buffer (pH 6.8 + 0.05)

KoHneHTpanus, MKr/MJI
Concentration, pg/ml

CpeaHee 3HaYeHUe + SD, MKr /M1
Mean value * SD, pg/ml

BoccraHoBieHue + RSD, %
Recovery + RSD, %

15.0 15.01+0.23
20.0 19.89 £ 0.16
30.0 29.72£0.35
40.0 39.57 £ 0.45
45.0 4475 + 0.45

100.04 £ 1.52
99.46 + 0.82
99.07 £ 1.17
98.92 +1.14
99.44 + 0.99

[Ipumeyanue. SD - cranapTHOe OTKJIOHeHHUe; RSD - oTHOCHTe /IbHOE CTaHAapPTHOE OTKJIOHEHHE.

Note. SD - standard deviation; RSD - relative standard deviation.
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Ta6smmua 4. OueHKa MOBTOPSIEMOCTH U TPOMEXKYTOYHON MPEU3nOHHOCTH B pocdhaTHOM 6ydepe (pH 6.8 + 0.05)
Table 4. Assessment of repeatability and intermediate precision in phosphate buffer (pH 6.8 + 0.05)

KoHueHTpaums, MKr /M1

BoccraHoBiienue * RSD, % / Recovery * RSD, %

Concentration, pg/ml

B Teuenne ogHoro gHsA / Within one day

B TeueHue Tpex gHel / Over three days

15.0 99.48 + 0.92
20.0 99.93 £ 0.94
30.0 99.43 £ 1.25
40.0 98.92 £ 1.67
45.0 99.38 £ 0.7

99.82 + 0.84
99.92 +0.81
99.11 + 1.37
98.7 £ 1.74

98.97 £ 0.86

[Ipumeyanue. RSD - oTHOCHTe/IbHOE CTaHAAPTHOE OTKJIOHEHHE.
Note. RSD - relative standard deviation.

MIOBTOPSIJTH €llle B T€UEHUEe TPEX JPYTuX AHel (BHY-
TpuiaboparopHas (IIPOMeKYTOUHAsI) IPEIU3UOH-
HOCTb) (Tabi. 4).

AHa/IN3 TPUMETA3UuAUHA JUTHIPOXTI0PHUIA
B COCTaBe 3KCIEPHMEHTAJIbHBIX OO0pPas3IoB.
Jna ucneltaHus paspaborannoit COM-Y® wmero-
JIUKU KOJIMYECTBEHHOTO onpezesneHusa TM/I nmpose-
JIeH aHaJIu3 KOJUUYECTBEHHOTO COJEp:KaHUS JeH-
CTBYIOIIIETO BEIIECTBA: &) B OSKCIEPUMEHTAJIBHBIX
obpa3siax TBepbIx auctepcuii TM/] ¢ ucmosb3oBa-
HUEM Ppa3JUYHBIX ITOJUMEPOB; 0) B TabyeTkax
HeMeJJIEHHOTO BbICBOOOKeHuss (Tpumerasugua
20 Mr, TabJeTKU, MOKPHIThIE IJIEHOYHOH 000J10Y-

the obtained filtrates using the same solvent. The
absorbance of the obtained solutions was measured
at 269 nm, and the concentration was calculated
according to the calibration curve, taking into
account dilution (Table 5).

In tablets: an accurately weighed quantity of a
sample of crushed tablets containing 10.0 mg of
TMD was dissolved in HCl 0.1 M and analyzed
according to the above procedure (Table 5).

RESULTS AND DISCUSSION

When assessing the specificity of the technique
developed, it was found that there was no effect of

Ta6smmua 5. Pe3ynbraTsl aHaM3a TpUMeTAa3UAMHA AUTHIPOXI0PHA B 3KCIIEPUMEHTaIbHBIX 00pasiax
Table 5. The results of the analysis of trimetazidine dihydrochloride in experimental samples

O6paser,
Sample

KoHueHTpanus, MKr/MJa
Concentration, pg/ml

CpegHee 3HaueHHUe * SD, MKr/m
Mean value * SD, pg/ml

BoccranoBsienue + RSD, %
Recovery * RSD, %

B meepdvwix ducnepcusix / In solid dispersions

TA1/TD1 5.0 499 +£0.10 99.73+191
TA1/TD1 15.0 14.84 £ 0.24 98.91 + 1.65
TA1/TD1 20.0 19.99 £0.33 99.93 + 1.64
TA2 / TD2 5.0 5.06+0.07 101.27 £1.43
TA2 / TD2 15.0 14.99 £ 0.18 101.27 £1.43
TA2 / TD2 20.0 20.01+£0.16 100.03 £ 0.78
TA3 / TD3 5.0 497 +0.08 99.40 +1.61
TA3 / TD3 15.0 15.03 £0.15 100.20 + 1.02
TA3 / TD3 20.0 19.95+0.22 99.73+1.11
B ma6aemkax / In tablets
T20 10.0 9.89£0.19 98.87 +1.88
T20 20.0 19.84 + 0.35 99.18 £ 1.78
T20 25.0 24.72+0.38 98.88 +1.52
T35 10.0 10.01£0.12 100.13 +1.17
T35 20.0 19.84 + 0.24 99.22 +1.22
T35 25.0 24.89 £ 0.30 99.57 +1.19

[IpumevyaHue. SD - cranAapTHOe OTK/JIOHeHHUe; RSD - oTHOCHMTe/IbHOE CTaHAapPTHOE OTKJIOHEHHe.

Note. SD - standard deviation; RSD - relative standard deviation.
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koi, OO0 «030H», Poccus) (T20) u mpoJIOHTUPO-
BaHHOTO BbICBOOOXKAeHusa ([lempenopm MB 35 wr,
TabJIETKU IIPOJIOHTUPOBAHHOTO JEHCTBUS, HOKPHI-
Thle IUIEHOUHOU ob6osoukoi, 3A0 «KanHoHdapma
IIpopakiiu», Poccus) (T35).

B meepdvix Oducnepcusix: TOYHBIE HABECKU
usMenbueHHbIXx obpasnos TM/I (T1, T2 u T/(3),
coj/ieprKalye o 10.0 MT JIEHUCTBYIOIIEr0 BeIeCTBa
TM/I, momemniajii B MepHbIE KOJIObI BMECTHUMOCTBIO
100 mu1 u pactBopsiiu B HCl 0.1 M, 10BO/IsI 10 METKH,
3ateM GuiIbTpoBaau. M3 moaydyeHHbIX GUIBTPATOB
TOTOBHJIN paboyre pacTBOPHI C KOHIIEHTPAIUSIMHU B
JuanasoHe 5.0—25.0 MKI/MJI C HCIIOJIb30BaHUEM
TOTO K€ PaCTBOPUTENA. AOCOPOIHI0 TMOIYyUEeHHBIX
pacTBOpOB GUKCUPOBAIN MPHU 269 HM U PACCUUTHI-
BaJIM KOHIIEHTPAIIHIO 110 KaTUOPOBOYHON KPUBOU C
yuetoM pazbasieHus (Tabu. 5).

B mabaemxax: TOYHYI HaBecKy o0Opasia
U3MEJIbUeHHBIX  TabJIETOK,  COOTBETCTBYIOIIYIO
10.0 mr TM/I, pactBopsiyiv B HCl 0.1 M u ipoBoauiu
aHaJIN3 COTJIACHO U3JI03KEHHOH BBIIIIE METOAUKE (CM.
TabJ1. 5).

PE3YJ/IBTATBI 1 OBCYKAEHUE

IIpu omenke crernudUIHOCTH pa3pabOTaHHOU
METOJIMKU YCTaHOBJIEHO OTCyTCTBUe BiauAHUA BB Ha
pe3ysbpTaThl aHAJIN3a KOJIUYeCTBEHHOTO OIIpesiesie-
HusA TM/I, a nosy4yeHHbIe pe3yJIbTaThl COBIAJIAIN C
TeopeThudeckuM cozep:xanueM TM/I B ucciieqoBaH-
HBIX 00pasiax. AHAINTHYECKas 00J1aCTh COCTABIIAIIA
oT 4.0 710 35.0 Mxr/ma B HCl 0.1 M, a B pocdartHoM
6ydepe (pH 6.8 £ 0.05) — OT 5.0 10 65.0 MKT/MJL.
ITocTpoenHas kpuBas okasajaach JUHEHHOHU B fua-
MMa30HEe KOHIIEHTPAIUH OT 5.0 710 25.0 MKT/MJi1 B HCI
0.1 M u oT 10.0 10 50.0 MKr/mia B dochaTHOM
6ydepe (pH 6.8 + 0.05), ¢ K03dPUIEHTOM KOppe-
JISIUA 0.9994 U 0.9997 COOTBETCTBEHHO (pHC. 2, 3).

W3 paHHBIX, MpEZCTaBJIEHHBIX B Tabi. 1 U 3,
BU/THO, YTO BOCCTAHOBJIEHUE PA3HBIX 00Pa3IIOB IIPU
OTIpeJIeJIEHUH MTPABUIBHOCTH HAXOAWIOCH B IIpezie-
Jax 97.15—101.82 % B HCl 0.1 M u 97.78—-101.56 % B
docdaraom 6ydepe (pH 6.8 + 0.05) co 3HAUEHUAMHU
RSD wmenbiie 2 % B 06eux cpenax, T.e. HCTHHHBIE
3HAYEHHS KOHIIEHTPALUH JIeXKAT BHYTPU JIOBEPHU-
TeJIbHBIX WHTEPBAJIOB COOTBETCTBYIOIIUX CPETHUX
SKCIIEPUMEHTAIFHO  TOJYYEHHBIX  PE3YJIbTATOB.
Kpome Toro, cBOGOIHBIN YieH B ypaBHEHUH JIHHEH-
HOCTU CTATHUCTUYECKU 3HAUUMO He OTJIMYaeTcs OT
Hysg. Takum o6pasoM, HCIOJIb30BaHUE pa3pabo-
TAaHHOW METOJUKH JTaeT pe3yJIbTaThl 0e3 cucTeMaTH-
YECKOU OLTUOKU.

3HavyeHUsI BOCCTAHOBJIEHUs, IIPE/ICTABJIEHHBIE B
TabJ1. 2 ¥ 4 (OIeHKA OBTOPSIEMOCTH), YKa3bIBAIOT B
3HAUUTEJIbHON CTelleHH Ha BBICOKYIO BOCIIPOU3BO-

excipients on the results of the quantitative determi-
nation of TMD, and the results obtained coincided
with the reference content of TMD in the studied
samples. The analytical range was from 4.0 to
35.0 pg/ml in HCl 0.1 M, and in phosphate buffer
(pH 6.8 £ 0.05) — from 5.0 to 65.0 pug/ml. The cali-
bration curve was linear in the concentration range
from 5.0 to 25.0 ug/ml in HCl 0.1 M and from 10.0 to
50.0 ug/ml in phosphate buffer (pH 6.8 + 0.05), with
a correlation coefficient of 0.9994 and 0.9997,
respectively (Fig. 2 and 3).

The data presented in Tables 1 and 3 show the
recovery of different samples in assessing accuracy
was in the range of 97.15-101.82% in HCI 0.1 M and
97.78—-101.56% in a phosphate buffer (pH 6.8 + 0.05)
with RSD less than 2% in both media, i.e. the true
values of concentration fall within the confidence
intervals of the corresponding mean results that we
have obtained experimentally. In addition, the free
term in the linearity equation does not differ signifi-
cantly from zero. Thus, the use of the developed
method gives results without a bias.

The recovery values presented in Tables 2 and 4,
when assessing repeatability, indicate to a large
extent the high reproducibility and precision of the
developed method in both media.

When assessing the content of TMD in experi-
mental samples of DFs, the mean values of recovery
were in the range of 97.26—-102.70% in experimental
samples of solid dispersions and 96.99—101.30% in
comparators (Table 5), which indicates the possibil-
ity of using the developed methodology for the quan-
tification of TMD in DFs.

CONCLUSION

We have developed a spectrophotometric tech-
nique for the quantification of trimetazidine dihy-
drochloride with the maximum absorbance at
269 + 2 nm with good linearity (R? = 0.999) and an
analytical range of 4.0-35.0 ug/ml in acidic
medium and 5.0-65.0 pg/ml in alkaline medium.
Validation confirmed the specificity, accuracy and
precision of the method. The proposed spectro-
photometric method to determine trimetazidine
dihydrochloride can be used during pharmaceuti-
cal development to assess the release of the active
substance both in acidic and alkaline media from
tablets and experimental samples with various
excipients.
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HeHUs (cM. TabJ. 5), UTO YKa3bIBaeT HA BO3MOXK-
HOCTb IPHUMEHEHH pa3pabOTaHHOU METOAUKU JIJIst
KosdecTBeHHOro onpezenenusa TM/ B JID.

3AK/IIOYEHUE

Pazpaborana cnekTpodOoTOMETpUYECKass METO-
JINKa KOJIMYECTBEHHOTO OIpe/IeJIeHUsI TPUMeTas3!-
IUHA JUTHAPOXJIOPHAA IPH MaKCHMyMe IIOTJIO-
MeHusA 269 + 2 HM C XOpOIIeH JIMHEHHOCTHIO
(R? = 0.999) 1 AUaNa30HOM aHAIN3a 4.0—35.0 MKT/
MJI B KUCJIOH cpefie U 5.0—65.0 MKI'/MJI B IIIEJIOUHOU
cpene. Bamupanus mokasana crenuUIHOCTD, Ipa-
BUJIBHOCTD U MPENU3UOHHOCTh MeTouKH. [Ipesiio-
JKeHHAs CIIEKTPO(OTOMETPpHYECKas METOAUKA OIIpe-
JleJIeHUs] TPUMEeTa3UuIuHa JUTHAPOXIOPU/IA MOKET
OBITh HCIIOJIB30BaHA B Xxojie (hapMaleBTUUECKOH
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BiarogapHoctbh. [IyOonukarus ocyiiecTBiieHa
ipu noaziep:kke [IporpaMMbl CTPAaTErmIecKOro aKa-
nemuyeckoro simepcersa ®TAOY BO «Poccuiickuit
VHUBEPCUTET JpyxKObl HapomoB wuM. Ilatpuca
JIymym6s1» (MockBa, Poccust). ABTOpBI BBIpaXKaroT
6s1arojlapHOCTh  (hapMaIreBTUUECKOH  KOMITAaHUH
«Mup-®apm» 3a mpenocTaBieHHbIe 00pasnbl dap-
MAIeBTUYECKUX CYOCTaHITUH.

KouduKkT HHTEpECcoB. ABTODHI 3asBJIAIOT 00
OTCYTCTBUU KOH(PINKTA UHTEPECOB.
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