YK 615.22.014.2 DOI: 10.31549/2542-1174-2026-10-1-73-84

HccaenoBaHrie BO3MOKHOCTH IMOJIyY€HUA TBEPABIX AUCIIEPCUH
TPUMETa3uAuHA JUTHAPOXJIOPH/IA MPOJOHTHPOBAHHOIO
BBICBOOOKIEHUA

P. Asnppyxane®2, C.H. CycinHa?

PI'AOY BO «Poccuiickuil yHugepcumem 0pysicovt Hapodos umeru [lampuca Jlymymowt» (PY/[H), Mockea, Poccus

2 Ynueepcumem /lamacka, /lamack, Cupus

AHHOTAIIUA

BBepgeHnue. JlekapctBeHHbIe (POPMBL C IIPOJIOHTUPOBAHHBIM BBICBOOOKJ€HUEM IIPeHA3HAUYEHb! I MUHUMU3a-
Iuu po6sieM TPaJUIIMOHHBIX JIEKAPCTBEHHBIX (OPM, TAKUX KaK KOJeOaHMA KOHIEHTPAIINHY [IperapaTa B Iyla3Me KPOBH
¥ HEOOXOUMOCTh YaCTOro A03upoBanus. Tpumerasuuna guruapoxyiopuz (TM/D), aHTHaHTMHAIBHBIN [TPENapar, iBJisi-
eTcs KaHAHUJIATOM JUJIsl CO3/IaHUs JIEKAPCTBEHHBIX (OPM HPOJIOHTHPOBAHHOTO BBICBOOOKEHUS, XOTSA 3TO JOCTATOYHO
CJIOXKHASA 33/1a4a U3-32 €T0 BRICOKOH PAaCTBOPHUMOCTH B BOJE.

IT e 1 b . VByunuTh BOBMOXKHOCTH TIOJIy4eHUs TBepAbIX muctepcuii (T/1) TM/L ¢ mpoIOHTHPOBAHHBIM BBICBOOOKIEHHEM C
HCIOJIb30BaHNeM pas3ianuHblx mporoprnuit Eudragit® RSPO mimu POLYOX™ WSR coagulant B kavecTBe IIOJHMEDOB,
3aMeIAIOINX BEICBOOOK IeHNE JIeHCTBYIOITUX BEI[eCTB.

MaTepuans U MeTOJB5bl . T/l BCOOTHONIEHUAX aKTUBHASA dapMaleBTHUeckas cyocrannusa (APC) : nomumep
1:2, 1:4 ¥ 1:8 ObUIM IOJIYYeHBl METOZOM yJaJeHUsl PACTBOPUTEIIS — H30IPOIIMIOBOTO CIIUPTA U OIEHUBAIHCH 110 TAKUM
XapaKTepUCTUKaM, KaK OJTHOPOJTHOCTH coziep:kaHusa ADPC, ChIIIyyecTh U IMPeCcCyeMOCTb, IIOTEPS B Macce IIPU BHICYIINBA-
HUH, pacTBOpeHMe. BBUIN MPOBe/IeHbI TaKXKe PEHTTeHO(A30BbIN aHAIN3 M MUKPOCKOIIMYECKOEe HCCIIeI0BAHKE.
PesyabTarTsl . ADC 6bpUta paBHOMEPHO pacupesieieHa B MPUTOTOBIeHHBIX T/I, a ee co/iep:kaHre BapbUPOBAJIO B
JluanasoHe 96,91— 103,16 %. Iloreps B Macce Ipu BBICYIIMBAHUU COCTaBUIA 1,08—2,24 %, CBIIy4eCcTb U IIPECCYyeMOCTb
HMeJIU CTelleHb OT XOpoIlel 10 oTanYHOU. CKOPOCTh PaCcTBOPEHHS CHUIKAJIACh 32 CUET yBeJIUYeHHs JI0JIM IoJINMepa, ¢
BO3MOXKHOCTBIO YBEJTMIUTH BpeMsI BBICBOOOXK/IEHH IIpernapata /1o 17 4 ¢ momorbio Eudragit® RSPO. Onnaxo B T, mpu-
rotoBieHHBIX ¢ POLYOX™ WSR coagulant, He ymanoch obecreunts MpopuIb IPOJOHTHPOBAHHOTO BHICBOOOKIEHMS.
Pentrenoda3oBblil aHATIN3 U MUKPOCKOIIMUECKOE UCCIIeI0BaHNeE TToKazaiu obpaszoBanue T/I, B KOTOPBIX MosieKyabl ADC
JIUCIIEPTUPYIOTCA B ITOJIIMEpE.

3akg04YeHHue. MeToZoM yAajeHUs PAaCTBOPUTENIA € UCIOIb30BAHUEM MOAXOASAIIEr0 IIOJIUMepPa B ONpesiesIeHHbBIX
IIPOIIOPUHAX BO3MOXKHO IoryauTh T/ BogopactBopumoit AOC — TM/] ¢ IpoJIOHTHPOBaHHBIM BBICBOOOK/IEHHEM C XapaK-
TEPUCTHKAMU, HeOOXOAUMBIMU JJIS1 IIPOBE/IEeHU JanbHeHIuX papManeBTUUECKUX HUCCIeJOBaHUH.

Kaouessle cao6a: TpUMETA3UIMHA JTUTHIPOXJIOPH]], BOJIOPACTBOPUMAsl aKTUBHAs (apManeBTUYecKas CyOCTaHITUA,
TBEpP/IbIE IUCTIEPCHH, TPOJIOHTHPOBAHHOE BhICBOOOsKIeHMe, Eudragit® RSPO, POLYOX™ WSR coagulant.

O6pasen nmutupoBaHua: Anbspyxaue P., Cyciuna C.H. VccnenoBanre BO3MOXKHOCTH TTOJIyUEHUS TBEPABIX
JIUCIIEPCHH TPUMETa3H/INHA JUTH/IPOXIOPUA IPOJIOHTMPOBAHHOTO BbIcBOOOKAeHus // Journal of Siberian Medical
Sciences. 2026;10(1):73-84. DOI: 10.31549/2542-1174-2026-10-1-73-84

TlocTymuia B peJakiiuio 14.08.2025 Received 14.08.2025

IIpouwna pereH3upoBaHue 30.09.2025 Revised 30.09.2025

ITpuHATa K My6JIMKAIMY 10.11.2025 Accepted 10.11.2025

Aemop, omeemcmeeHHblil 3a nepenucky Corresponding author

Anbpyxane Panum: ®T'AOY BO «Poccuiickuil yHUBEPCUTET APYKOBI HAPO- Ranim Alrouhayyah: Peoples’ Friendship University of Russia named after
o umenu [atpuca Jlymym6s1» (PYIH). 117198, r. MockBa, yi1. MUKIIyX0- Patrice Lumumba (RUDN University), 6, Miklukho-Maklaya str., Moscow,
Maxuias, 6. 117198, Russia.

E-mail: alrukhaie-r@rudn.ru E-mail: alrukhaie-r@rudn.ru

Journal homepage: http://jsms.ngmu.ru 73



Anvpyxaue P., Cycauna C.H. / Journal of Siberian Medical Sciences T. 10, N° 1 (2026)

Investigation of the possibility of obtaining prolonged-release
solid dispersions of trimetazidine dihydrochloride

R. Alrouhayyah® 2, S.N. Suslina?

Peoples’ Friendship University of Russia named after Patrice Lumumba, Moscow, Russia

2Damascus University, Damascus, Syria

ABSTRACT

Introduction. Prolonged-release formulations are designed to minimize the problems of traditional dosage
forms, such as fluctuations in plasma concentration of a drug and the need for frequent dosing. Trimetazidine dihydrochlo-
ride (TMD), an antianginal drug, is a suitable candidate to develop prolonged-release formulations, although this is a
rather challenging task due to its high water solubility.

A im . Toinvestigate the possibility of preparing prolonged-release solid dispersions (SDs) of TMD using different ratios
of Eudragit® RSPO or POLYOX™ WSR coagulant as polymers that prolong the drug release.

Materials and methods. SDvariants with active pharmaceutical ingredient (API) to polymer ratios of 1:2,
1:4, and 1:8 were prepared by the solvent (isopropanol) evaporation method, and were evaluated on such characteristics as:
API content uniformity, flowability and compressibility, weight loss on drying, dissolution. X-ray diffraction analysis and
microscopy were also performed.

Results. The API was evenly distributed in the SDs prepared, and its content ranged from 96,91 to 103,16%. The
weight loss on drying was 1,08—2,24%, the flowability and compressibility ranged from good to excellent. The dissolution
rate was reduced due to an increase in the proportion of polymer, with the possibility of extending the drug release to 17 h
using Eudragit® RSPO. However, it was not possible to obtain a prolonged-release profile in SDs prepared with POLYOX™
WSR coagulant. The X-ray diffraction analysis and microscopic sexamination showed the formation of SDs, in which the
API is dispersed within the polymer.

Conclusion. Bythesolvent evaporation method using a suitable polymer in suitable proportions SD of water-sol-
uble API — prolonged-release TMD — can be obtained with the characteristics required for further pharmaceutical investi-
gation.

Keywords: trimetazidine dihydrochloride, water-soluble active pharmaceutical substance, solid dispersions, prolonged
release, Eudragit® RSPO, POLYOX™ WSR coagulant.
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BBEJAEHUE

Tpumeraszuauna guruapoxiaopua (TM/I), mpous-
BOJIHOE IHIIepa3rHa, CHHTE3UPOBAHHOE B 1969 T. B
snaboparopusix Cepsbe (®panrus) [1], sBadercs
MeTaboINIEeCKUM MOAYIATOPOM € KapAHUOIUTOIIPO-
TEeKTHUBHBIM JieficTBHEM. ITO 3(pHEKTUBHBIN, XOPOIIIO
MIePEHOCUMBIH Tpenapar, ITUPOKO UCIIOIb3YEMBIH B
KapIH0JIOTUM B Ka4eCcTBe MOHOTEPAIINHU WU aIbio-
BAHTHOU Tepamuu 0jarofjapsi CBOMM BBIPKEHHBIM
MIPOTHUBOUIIIEMUYECKHUM CBoMcTBaM [2, 3]. CorsiacHO
6uodapmareBTUIEeCKON KJIacCU(DPUKATTMOHHON
cucreme (BKC), TM/I oTHOCHTCS K JIEKapCTBEHHBIM
cpezicTBaM Kiacca I — OH XOPOINIO pacTBOPSIETCS B
BOZIe ¥ OBICTPO MIPOHUKAET B TKAHH, UMEET IEPUO]
[TOJIyBBIBEIEHUsI M3 ILUIa3Mbl OKOJIO 6,0 + 1,4 4 U
BpeMsI JIOCTUKEHUSI MaKCUMAaIHbHOM KOHIIEHTPAIINH
T 1,80 + 0,7 4 [4], 4TO Jes1aeT ero MpuMeHEHNE B

max

JleKapCcTBeHHBIX (opMax ¢ IIPOJIOHTUPOBAHHBIM

INTRODUCTION

Trimetazidine dihydrochloride (TMD), a pipera-
zine derivative synthesized in 1969 at the Les Labo-
ratoires Servier (France) [1], is a metabolic modula-
tor with cardiocytoprotective effect. It is an effective
and well-tolerated drug, widely used in cardiology as
monotherapy or adjuvant therapy due to its pro-
nounced anti-ischemic properties [2, 3]. According
to the Biopharmaceutics Classification System (BCS),
TMD belongs to a class I drug, i.e. it is highly soluble
in water and absorbed, with a plasma half-life of
about 6,0 + 1,4 h, and a time to peak drug concentra-
tion (T __ ) of 1,80 + 0,7 h [4]. This makes its formula-
tion cocras, dopmysy in prolonged-release dosage
forms relevant, especially considering that TMZ is a
safe drug suitable for the long-term treatment of
chronic cardiac diseases, particularly ischemic heart
disease. However, due to its high water solubility,
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BBICBOOOJK/IEHUEM aKTyaJIbHbIM, OCOOEHHO YIUTBI-
Bas, uro TM/]I — Ge3omacHoe JieKapCTBEHHOE CPell-
CTBO, KOTOPO€ WCIOJIb3YeTCSA JJIs JIJIUTEJIBHOTO
JIedeHHsI XPOHUYECKUX KapAUOJIOTHIeCKUX 3a001e-
BaHUM, 0COOEHHO HIIEMHYECKON OOJIE3HU CEpAIa.
OpHako M3-3a BHICOKOW PAaCTBOPUMOCTH B BOJIE €T0
IIPOM3BO/ICTBO B JIEKAPCTBEHHBIX (hOPMAax C IIPOJIOH-
TUPOBAHHBIM BBICBOOOK/IEHUEM SIBJISIETCS CJIOKHOM
3aj1auei.

JlexapcTBeHHBIE GOPMBI € IPOJIOHTHPOBAHHBIM
BBICBOOOK/IEHUEM 3HAUYUTETBHO obJieryaror
coOJTIoZIeHre pelKIMa JIEUeHUs 32 CUeT CHIDKEHUS
YacToThI IpueMa npenapara [5]. CucreMbl TpOIOH-
TUPOBAHHOTO BBICBOOOIK/IEHHsI, OCHOBOH KOTOPBIX
saBasores TBepable qucnepcuu (T/1), B mociemHee
BpeM ITOJIy4aloT Bee OOJIbIIee pacupocTpaHeHue u
CTAHOBATCS 00HEKTOM PA3JIMYHBIX HCCIEOBAHUM.
OTU CUCTEMBI UMEIOT MTOTEHIINAIbHbIE TPENMYIIe-
CTBa C TOUKHU 3peHUs OMOOCTYITHOCTH JIeKapCTBEH-
HBIX CPEJICTB U UX IMIPOJIOHTUPOBAHHOTO BHICBOOOXK-
JIeHUs U TIO03BOJISIIOT MHUHUMH3UPOBATh PUCK
BHE3AIMHOTO  BBICBOOOXKIEHUS JIEKAPCTBEHHOTO
cpeactBa [6]. CucreMbl IPOJIOHTHUPOBAHHOTO
BBICBOOOXK/JIEHUSA MOTYT IPOU3BOAUTHCA IIyTEM
nonydyenusda TJI ¢ HOCUTeJSAMHU, IMOBBIIIAIOIUMU
PacTBOPUMOCTDb, W IOCJEAYIOIIEro A00aBIeHUs K
HUM TIOJIIMEPOB, KOHTPOJIMPYIOIIUX BHICBOOOXKIE-
HUe, WIN IIyTeM HEINOCPEICTBEHHOTO IOJIyUeHUs
T/l ¢ moauMepamMu, MPOAJIEBAIOIINMU BHICBOOOK-
nenue, TakuMmu kak Eudragit® RSPO, stuinesntio-
so3a, Kollidon® SR, POLYOX™wu np. [7].

J1J151 TpOBeIeHUsT HACTOAIIEero uccaenoBanus T]T
TM/I TOTOBMJIN METOAOM yAAJIEHUSA PACTBOPUTENIA U
UCHOJB3ysl pas3iudHble mpornopuuu POLYOX™
WSR Coagulant miu Eudragit® RSPO B kauectBe
[IOJTUMEPOB, 3aMeJISIONINX BICBOOOXKIEHHE.

POLYOX™ mpeJicTaBIsAIOT COOOM HEHOHHBIE
[IOJTUMEPhI HA OCHOBE MOJHUATHIEHOKCHAA. ITO
ChIyurie THAPODIIbHBIE IOPOIIKH 0eJIoro WJIN
IpsI3HO-0€JI0T0 IBETA, JOCTYIIHbIE B IIMPOKOM /IHa-
Ma3oHe CTeneHeld BA3KOCTH, COOTBETCTBYIOIINX
MOJIEKYJISIPHOM Macce OT 100 000 A0 7 000 000 /[la.
[Momumepsr POLYOX™ o06s1a71a10T TEPMOILIACTHY-
HBIMH CBOUCTBaMH, OBICTPO TUPATUPYIOTCS U OUeHb
6bIcTpO 06pasyror rugporenu [8]. To HEOOBIYHOE
coUeTaHUEe CBOMCTB JIeJIaeT UX BOCTPeOOBAHHBIMH B
MIPOUBBO/ICTBE MIUPOKOTO CIEKTpa dapMalreBTuue-
CKHX IIpernapaToB, B TOM YHUCJIE ¢ KOHTPOJIMPYEMBIM
BBICBOOOJK/IEHHEM, CBA3YIOIIHX BEIECTB IS Tabsie-
TOK ¥ MyKOA/IT€3UBHBIX JIEKAPCTBEHHBIX CPEJICTB [9].
U3 pazmumuneix BuzoB POLYOX™ wmbl BeIOpaiu
POLYOX™ WSR Coagulant, adbdexkTrBHOE CBSA3YIO-
Ijee BEIECTBO CO CMAa3bIBAIOIUMU CBOHCTBAMH H
CIIOCOOHOCTBI0O K OBICTPOMY reje00pa30BaHUIO,

preparation of prolonged-release dosage forms of
TMD is challenging.

Prolonged-release dosage forms significantly
improve treatment compliance by reducing the fre-
quency of dosing [5]. Prolonged-release systems
based on solid dispersions (SDs) have recently been
increasingly developed and have become the object
of many studies. These systems provide potential
advantages in terms of drug bioavailability and their
prolonged release, and can minimize the risk of burst
drug release [6]. Prolonged-release systems can be
produced by preparing SDs with solubility-enhanc-
ing carriers and then formulating them with con-
trolled-release polymers, or by directly preparing
SDs with prolonged-release polymers such as
Eudragit® RSPO, ethyl cellulose, Kollidon® SR,
POLYOX™, etc. [7].

In our work, TMD SDs were prepared by the sol-
vent evaporation method, using different propor-
tions of POLYOX™ WSR Coagulant or Eudragit®
RSPO as as polymers that prolong the release.

POLYOX™ polymers are non-ionic ones of poly-
ethylene oxide-based polymers. They are free-flow-
ing, hydrophilic white or off-white powders available
in a wide range of viscosity grades corresponding to
molecular weights from 100 000 to 7 000 000 Da.
POLYOX™ polymers possess thermoplastic proper-
ties, hydrate rapidly, and form hydrogels very rap-
idly [8]. The unique combination of properties makes
them useful in the production of a wide range of
pharmaceutical formulations, including controlled-
release ones, tablet binders, and mucoadhesives [9].
Of the various types of POLYOX™, we selected
POLYOX™ WSR Coagulant as an excellent tablet
binder with lubricity and rapid hydrogel formation
properties for producing controlled-release matrix
tablets. POLYOX™ WSR Coagulant has a high
molecular weight of 5 000 000 Da and a viscosity of
5500—7500 cP.

Eudragit® polymers are among the most well-
known representatives of polymethacrylates. The
Eudragit® family has the same general structure
(Fig. 1) and differs from each other in their sub-
stituents, which impart different chemical proper-
ties [8, 10]. In general, Eudragit® polymers are
divided into cationic, anionic, and neutral, and are
available as powders, granules, aqueous disper-
sions, and organic solutions. Eudragit® RSPO,
poly(ethyl acrylate, methyl methacrylate, 2-tri-
methylammonioethyl methacrylate chloride) in a
ratio of 1:2:0,1, has low permeability and is mainly
used to prolong the drug release in various dosage
forms, such as tablets, microtablets, and micro-
spheres [11].
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Puc. 1. OCHOBHOM CTPYKTYPHBIH ckesieT mormepoB Eudragit® [8]
Fig. 1. The basic structural skeleton of Eudragit® polymers [8]

HCII0JIb3yeMOE B IIPOM3BO/ICTBE MAaTPUYHBIX TabJie-
TOK C KOHTPOJIUPYEMBIM  BBICBOOOIKIEHHEM.
POLYOX™ WSR Coagulant umeer 60J1bliyt0 MoJie-
KYJIAPHYIO Maccy — 5 000 000 Jla u BA3KOCTh 5500—
7500 cIl.

Monmumepst Eudragit® sBasiorcs OAHUMH U3
HauboJiee U3BECTHHIX NIPEJICTABUTEIIEH TIOJIMMET-
akpuiaroB. CemerictBo Eudragit® umeer onuna-
KOBYIO OOIIYI0 CTPYKTYpy (pHC. 1) U OTJINYAETCSA
ZPYT OT ipyTra CBOMMU 3aMECTHUTEIIMHU, KOTOPBIE
OTIPEZIETIAIOT Pa3IuYHble XUMHYECKHE CBOMCTBA
[8, 10]. Kak npaBusio, nonumepst Eudragit® moz-
paszensooTcs Ha KaTUOHHbBIE, aHHOHHbIE U HeW-
TpaJIbHBIE U BBIITYCKAIOTCS B BHJIE TOPOIIKOB, TPa-
HYJI, BOJ{HBIX JIUCIIEPCUH U OPTaHUYECKUX PACT-
BopoB. Eudragit® RSPO, mnosu(aTumakpuiar,
METHJIMETaKpHUIAT, 2-TPUMETHI-aMMOHHOATHUII-
MeTaKpujaTa XJOPWA) B COOTHOIIEHWH 1:2:0,1,
obJialaeT HU3KOHM NMPOHUIIAEMOCTBI0 U UCIOJIb3Y-
€TCs B OCHOBHOM JIJIsI TIPO/IJIEHUSI BBICBOOOIK/IE-
HUS B PA3JINYHBIX JIEKAPCTBEHHBIX (popMax, TAaKUX
Kak TabJIeTKH, MHKPOTaOJIETKH U MHKPO-
chepsr [11].

ITEJIb UCCJIEJIOBAHUSA

N3yunTs BO3MOKHOCTH nosydeHus T TM]I c
MIPOJIOHTUPOBAHHBIM BBICBOOOXKIEHUEM C KCIIOJIb-
30BaHMEM pa3anyHbIx nponopiuil Eudragit® RSPO
win POLYOX™ WSR Coagulant B kauecTBe moJu-
MEpPOB, 3aMe/JIAIOIINX BBICBOOOKIEHIE JIEHCTBYIO-
IIUX BEIEeCTB.

MATEPUAJIBI 1 METO/AbI

UcnonszoBamu TM], (CAS 5011-34-7, Alcon
biosciences Pvt. Ltd., Wuaus), POLYOX™ WSR
Coagulant (CAS 25322-68-3, BASF, T'epmanusi),

AIM OF THE RESEARCH

To investigate the possibility of preparing pro-
longed-release SDs of TMD using different ratios of
Eudragit® RSPO or POLYOX™ WSR Coagulant as
polymers that prolong the drug release.

MATERIALS AND METHODS

We used TMD (CAS 5011-34-7, Alcon biosciences
Pvt. Ltd., India), POLYOX™ WSR Coagulant (CAS
25322-68-3, BASF, Germany), Eudragit® RSPO
(CAS 33434-24-1, Evonik, Germany), and isopropa-
nol (CAS 67-63-0, Chimmed, Russia). All other
chemicals were of analytical grade.

SDs in the ratios of 1:2, 1:4, 1:8 (TMD : poly-
mer) were prepared with each polymer (Table 1) by
the solvent evaporation method. TMD was dis-
solved in excess amount of isopropanol, then a
polymer was added and stirred into solution. The
solution was evaporated under vacuum using a
rotary evaporator at a temperature of 50 + 2°C
until a thin film was formed, which then was
crushed in a mortar and passed through a 1-mm
sieve. The SDs obtained were evaluated for the fol-
lowing parameters.

Uniformity of active pharmaceutical ingre-
dient (API) content: the homogeneity of TMD
distribution into the polymer was assessed using
3 precisely weighed portions (10 mg TMD) from each
formulation. Each portion was ground in a mortar in
the appropriate amount of 0,1 M HCl. The obtained
suspension or solution (depending on the polymer
solubility in 0,1 M HCI) was placed into a 50 ml flask
(accounting for washing the mortar and pestle with
the solvent used), made up to the mark with 0,1 M
HCI, and filtered. The optical density of the filtrate
was measured on a spectrophotometer (SF-103, Rus-
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Eudragit® RSPO (CAS 33434-24-1, Evonik, I'epma-
HUs), u3onponuioBeiil cupt (CAS 67-63-0, Xum-
mei, Poccust). Bee ocrasibHbIe peakTUBBI ObLIH aHa-
JINTAYECKOTO KayecTBa.

T/l B cootHomienusx TM/] : momumep 1:2, 1:4, 1:8
TOTOBWIM C KQKABIM MOJTUMEPOM (Tabs1. 1) METOIOM
yAaJIeHus pacTBopuTesid, npu 3toM TM/I pacTBopsnn
B U30BITOYHOM KOJIMYECTBE HU30IPOITMIIOBOTO CITHPTA,
3aTeM /I00ABJISUIH TIOJTUMED U TIEPEMENTUBAIIH JI0 MOJT-
HOTO pactBopeHus. [1osydeHHbIN PacTBOP yIapuBaIn
B BaKyyMe Ha POTOPHOM HCIIApUTEJIE TPU TeMIIepa-
Type 50 = 2 °C 10 06pa3oBaHuUs TOHKOH IJIEHKH, KOTO-
PYIO 3aTeM U3MeJIbYaJId B CTYIIKE U IIPOTUPAJIN Yepe3
CUTO C pazMepoM oTBepcTuil 1 MM. IlomydyerHbie T]T
OIIEHUBAJIVCH T10 CIIEAYIOIIUM MTOKA3aTe M.

OZHOPOTHOCTH COJEPKAHUS aKTUBHOU
dapmanesTrnueckoii cyocranuu (APC): ore-
HUBAJIM PaBHOMEPHOCTb pacupezeneHusa TMJ] B
MMOJIUMEPE, WCIIOJIb3ysI 3 TOUHBbIE HaBeCKH (10 MTr
TM/I) u3 KaskI0T0 MPUTOTOBJIEHHOTO cocTaBa. Kak-
JIyI0 HaBECKY PACTHUPAJIA B CTYIIKE C COOTBETCTBYIO-
M kostmdectBoM HCl 0,1 M. ITostyueHHYyIO CycrieH-
3UI0 WJIN PACTBOP (B 3aBHCHUMOCTH OT PAaCTBOPHMO-
ctu nosuMmepa B HCl 0,1 M) nomMemanu B MEPHYIO
K0JIOY 06'beMOM 50 MJI (C yUeTOM IIPOMBIBKH CTYIIKH
U TIECTHKA HCIIOJb30BAHHBIM PpPAaCTBOPUTEJIEM),
moBoguiu 1o Merku HCl 0,1 M u duisTpoBasu.
OnTUYecKylo IUIOTHOCTh QUIbTpaTa U3MepAIN Ha
cuektpodoromerpe  (CP-103, Poccusa) mpwm
A_.. = 269 HM HOCJIe COOTBETCTBYIOIEro pasbasie-
HUS ¥ PAaCCYUTHIBAIN KOHI[EHTPAIIUIO I10 TIPEJIBApU-
TEJIPHO TIOCTPOEHHOU KAITMOPOBOYHOU KpHUBOH [12].
3aTtem paccuuThiBasu KoaudectBo TM/I B kKakaou
HaBeCKe, pe3yJIbTaThbl IPEJICTABJIAIN KaK cpelHee
3HAYEHUE + CTAHJIAPTHOE OTKJIOHEHHE.

dapManeBTUKO-TEXHOJIOTHYECKHUE XapakK-
TEPUCTUKH

Coinyuecmv u npeccyemocms: OIIEHUBATUA B
COOTBETCTBUM ¢ 00OIel QapMaKoNeHHOU cTaTber
(09C).1.4.2.0016  «CpIyuecTs MOPOIIKOB» U
0®C.1.4.2.0024 «HachimHasgs IIOTHOCTh W IIJIOT-
HOCTD TI0CJI€ YIUIOTHEHUS» [13], ompemessis:

1) yToJ1 ecTeCTBEHHOTO OTKOca: TJ/] HachImasu ¢
IIOMOIIbI0 BOPOHKHU HA IUIOCKYK) TOPHU30HTAJIBHYIO
IIOBEPXHOCTb, U3MEPSIJIU BHICOTY U AUaMeTp 00paszo-
BaBIllerocs KOHyca JJIf OIIpe/iesieHHs TaHTeHca, a
3aTeM U yIJla eCTECTBEHHOTO OTKOCA;

2) IJIOTHOCTh: U3MEPEHUs MIPOBOJUIIN HA alla-
pare ansa usMepeHus 1wiotTHoctu Erweka GmbH
SVMII (I'epmaHus), ONpeEesiid HAChIITHYI IUJIOT-
HOCTb (p, ;) ¥ IUIOTHOCTB MOCJIE YTLIIOTHEHHS (ptalppe D
Ha OCHOBE KOTODPBIX PACCUUTBHIBAIU KOIDODUIINEHT
XaycHepa u unziekc Kappa no ciaeaywomum ¢op-
MyJIaM:

sia) at A= 269 nm after appropriate dilution, and
the concentration was calculated using the calibra-
tion curve that was previously plotted [12]. Then, the
amount of TMD in each weighed portions was calcu-
lated, and the results were presented as a mean +
standard deviation.

Pharmaceutical and technological charac-
teristics

Flowability and compressibility were evaluated
in accordance with the general pharmacopoeial
monograph (GPM).1.4.2.0016 “Flowability of pow-
ders” and GPM.1.4.2.0024 “Bulk and tapped den-
sity” [13], by determining;:

1) angle of repose: SD poured out of a funnel onto
a flat horizontal surface, the height and diameter of
the cone formed were measured to determine the
tangent, and then the angle of repose was calculated;

2) density: measurements were carried out on an
Erweka GmbH SVMII tapped density tester (Ger-
many), bulk density (p,,,) and tapped density (p,,_.,)
were determined, and on their basis, the Hausner
ratio and the Carr index were calculated as follows:

Hausner ratio = p,_ ./ Py

Compressibility index (Carr index) =

= (ptapped - pbulk) / ptap X 100%.

The tests of flowability and compressibility
were repeated 3 times for each formulation. The
result was presented as mean value + standard
deviation.

Weight loss on drying: the analysis was carried
out in accordance with the GPM. 1.2.1.0010 “Weight
loss on drying” [13] on 3 samples (1—2 g) of each for-
mulation using an infrared analyzer Aquilon AV-50
(Russia) at a temperature of 105 + 2°C. The results
were expressed as: mean value + standard deviation.

Dissolution test was conducted in accordance
with the GPM.1.4.2.0014.15 “Dissolution test for
solid dosage forms” [13] on 6 samples (each contains
50 mg TMD) of each formulation using a Raytor RT
600 paddle dissolution apparatus (China) at 50 rpm
in 900 ml of hydrochloric acid (0,1 M) for the first
two hours, then in 900 ml of phosphate buffer
(pH = 6,8) for the rest of the time, at a temperature
of 37 + 0,5°C throughout the experiment. Samples of
5 ml were taken at regular time intervals and replaced
with 5 ml of pure medium (acidic or buffered). The
samples selected were filtered through filters
attached to the needles of the apparatus, and the
absorbance of the filtrates was measured at
A =269 nm, then the amount of released TMD was

max

determined using the calibration curve that was plot-
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Koapdunment Xaycrepa = p, ./ Py

Koaddunuent nmpeccyemoctu (namekc Kappa) =

= (ptapped - pbulk) / ptapped X100 %.

OI11eHKY CBIIYYECTH U IMPECCYEMOCTH TTOBTOPSLIIH
3 pasa IS KaKJI0oro cocTaBa. Pe3ysibTaT mpeicTaB-
JISUTM B BHJIE: CPEJIHEE 3HAUYEHHE * CTaHJIApPTHOE
OTKJIOHEHHE.

Ilomepsa e macce npu evlcywusaHuU: aHATU3
npoBoauwiu B coorBerctBUU ¢ O®C.1.2.1.0010
«IToTepst B Macce TpH BBICYIIHBaHUW» [13] Ha
3 obpasmax (1—2 T) Ka’KI0ro cocTaBa C MCI0JIb30Ba-
HHEM WH(QPAKPACHOTO aHAJIW3aTOpPa BJIAKHOCTH
«AxBwioH AB-50» (Poccusi) mpu TeMmmepaType
105 + 2 °C. Pe3ysibTaThl BBIPAKAIU B BUJIE: CPETHEE
3HAYEHUE + CTAaHJIAPTHOE OTKJIOHEHHE.

PacmeopeHue: oleHUBAIA B COOTBETCTBUH C
0®dC.1.4.2.0014.15 «PacTBOpeHUEe i1 TBEPJBIX
JIOBUPOBAHHBIX JIEKapCTBEHHBIX (opm» [13] Ha
6 obpasmax (mo 50 mr TMJI) Kaxkmoro cocraBa C
WCIIOJIb30BAaHUWEM almapara /Il PacTBOPEHUs
Raytor RT 600 (KuTaii) 1 1I0nacTHON MEIIAJIKH IIPHU
CKOPOCTH BpaIlleHnH 50 00./MUH B Q00 MJI COITHOH
kucaoTel (0,1 M) B TeueHHe IEpPBBIX JBYX YacoB,
3areM B 900 M ocdarHoro 6ydepa (pH = 6,8) B
TeUeHHEe OCTABIIErOCs BPEMEHU MPH TeMIIEpaType
37 + 0,5 °C B TeueHUe BCero sKcrepuMenTa. IIpoosl
00’beMOM 5 MJI OTOHpAJIH Uepe3 OIpezieJIEHHBIE ITPO-
MEKYTKH BPEMEHU, 3aMEHASI UX 5 MJI YHCTOH CPEebI
(kucsmort wm  6ydepHoit). OrobpaHHBIE TPOOBI
¢unpTpoBanu yepes (PpUILTPHI, IPUKPEIJIEHHbIE K
urjaaM mpobooTOOpPHUKA HPHOOpa, W HU3MEPSIH
HorJomenue GUIBTPATOB IpU A = 269 HM, HOCIe
Yero OIpEeEesIsiid KOJHUYECTBO BBIIETUBIIETOCS
TM/I 1o mpeABapUTEIbHO MOCTPOEHHOH Kamnubpo-
BOYHOU KPUBOH (B KHUCJIOH cpesie win B pocdaTHOM
oydepe).

PentrenodaszoBsiii anaaus (P®A): mpoBo-
JIWJICS C UCIOJIb3oBaHueM audpakromerpa D8 (I'ep-
manus) npu Cu Ko-usiydyeHunw, HaIpspDKeHHE Ha
TpyOKe 40 KB, Tox 30 MA. ITo ocu X — YIABOEHHBIH
yron agudpakinuu 20 (B rpagycax), 0 OCH Y — HHTEH-
CUBHOCTH | (B MIMITyJIbCax); HAJl IMHUAMH yKa3bIBa-
JIUCh MEXKILIOCKOCTHBIE PACCTOSIHUA. AHATIU3 TTPOBO-
JIFUTY B THTEPBAJIE YTJIOB OT 5 710 70° ¢ marom 0,05° 1
C DKCIIO3UIIMEN B TEUEHHE 1 ¢, 00pasel] Bpalaics.

MUKPOCKOIUA: HCCIE0BAaHUE ITPOBOAUIOCH
kak aaga TM/I ¥ nosuMepoB B YUCTOM BHUJE, TAK U
Jutst T/ ¢ ucriosip3oBanueM ¢ poBOro MUKpPOCKOTA
Saike Digital (Kwuraii). HeboJspllioe KOJTHYECTBO
(OK0JI0 20 MT) HCCIEAYEMOTO MOPOIIIKA TOMEIaIn
Ha IpeIMEeTHOE CTEKJIO U U3yJaTl Ha TeMHOM (poHe
IIpY 40-KPATHOM YBEJTHYEHUH.

ted previously (in acidic medium or in phosphate
buffer).

X-ray diffraction (XRD) data analysis was
performed using a X-ray diffractometer D8 (Ger-
many) Cu Kalpha radiation with a tube voltage of
40 kV and a current of 30 mA. On the x-axis, the
doubled diffraction angle was 26 (in degrees), on the
y-axis, the intensity is I (in pulses); interplane dis-
tances were indicated above the lines. The analysis
was performed in the range of angles from 5 to 70°
with a step of 0,05° and an exposure time of 1 s, the
sample was rotated.

Microscopy was performed both for TMD and
polymers as pure materials, as well as for SD, using a
Saike Digital microscope (China). A small amount (about
20 mg) of the powder tested was placed on a glass slide
and studied in a dark field at magnification x40.

RESULTS AND DISCUSSION

Using the solvent removal method, 6 formula-
tions of TMD SDs were prepared, which were then
subjected to various tests. The API TMD was evenly
distributed in each formulation, and its content
ranged from 96,91 to 103,16% (Table 1).

The SDs obtained showed good technological
characteristics: the values of the angle of repose,
Hausner ratio, and Carr index were in a good to
excellent range, and the weight loss during drying
was 1,08-2,24% (Table 1), indicating their suitability
for further pharmaceutical processing.

The dissolution time of the obtained SDs varied
depending on the type and proportion of the poly-
mer, i.e. the higher the polymer : API ratio, the
lower the dissolution rate. However, POLYOX™
WSR Coagulant failed to prolong the TMD release
from SDs (SDp1, SDp2, SDp3) prepared, although,
according to literature data, this polymer is suc-
cessfully used to produce prolonged-release tab-
lets, for example, by wet granulation. This can be
explained rather by the faster dissolution of TMD,
preceding the swelling of the polymer, i.e. the for-
mation of a gel barrier that is capable to delay the
release of the drug, which is the essential mecha-
nism of drug release from POLYOX™-based pro-
longed-release tablets [14]. Besides, 68% of the
TMD, contained in SDe1 (TMD : Eudragit® RSPO
1:2), dissolved within 2 h. However, increasing the
proportion of this polymer to 4 (SDe2 and 8 (SDe3)
led to a delay in the TMD release up to 12 and 17 h,
respectively, which is consistent with the aim of
our study to obtain TMZ SDs with prolonged
release.

A comparison of the XRD analysis data for the
pure TMD API (Fig. 2, A) and the TMD API recrystal-
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PE3YJIBTATDBI 1 OBCY KAEHUE

MetonoM yzaneHus: pacTBOPUTEIISA ObLIN IIPUTO-
ToBJieHbI 6 cocTtaBoB T[] TM/I, koTOpbIe 3aTEM IIO/I-
BEpPIJIUCh Ppa3JN4YHBIM HcnbTaHuAM. ADC TM/
6bL71a pABHOMEDPHO PAcIIpe/ieieHa B Ka¥K/OM COCTaBe,
a ee co/iepKaHNe BapbUPOBAJIOCH B IIpeJiesiax 96,01—
103,16 % (Tabs. 1).

[Mosnyuennsie T/ 061a1aT1 XOPOITUMH TEXHOJIO-
TUYeCKUMH XapaKTepUCTUKAMU: 3HAuYeHHUs yIya
eCTeCTBEHHOI'0 0TKOca, Koadduuuenta XaycHepa u
unzaexca Kappa Haxonuiuce B juana3oHe «XOpOoIIo —
OTJIMYHO», a TOTEPA B Macce HPHU BBICYIIMBAHUU
cocraBuia 1,08—-2,24 %, (cm. Taba. 1), 4TO CBHAE-
TEJIbCTBYeT O BO3MOKHOCTH WX HCIIOJIb30BAHUA B
JlasTbHeUINX hapMaleBTUUEeCKUX HCCIeJOBAHUAX.

Bpemsa pacrBopenus nosydeHHbIX T/l Bapbupo-
BaJIO B 3aBUCHUMOCTH OT THIIA U J0JIM II0JIUMepa: 4eM
BBIIlIE OBLIO COOTHoIeHue moaumep : ADPC, tem
MeHbIIle ObLJIa CKOPOCTh pacTBopeHus. OmHAKO
POLYOX™ WSR Coagulant He BIUsI Ha IPOJIOHTA-
nuio BeicBoOOKAeHuss TM/JL us T (THp1, THAp2,
T/Ip3), XOTs, COIJIACHO JIUTEPATYPHBIM JAHHBIM,
9TOT IIOJIIMeEp YCIIeITHO MCIIOJIb3YeTCA JJIs IoIyde-
HUs TabJIETOK € MPOJIOHTHPOBAHHBIM BBICBOOOXK/IE-
HHEM, HalIPIMeDP, METO/IOM BJIRKHOU I'PAHYJIAILIVH.
9TO MOKeT ObITh 00BACHEHO CKOpee 6oJiee OBICTPHIM
pactBopennem TMJI, mpenmiecTByOIuM Habyxa-
HUIO IIOJIMMepa, T.e. O00pa30BaHUIO TeJIEBOTO
6apbepa, CIIOCOOHOTO 3a/iepKaTh BHICBOOOXK/IEHUIE
rpenapara, 4TO SBJISIeETCA OCHOBHBIM MEXaHU3MOM
BBICBOOOK/IEHHSI TIperapara W3 JIEKAPCTBEHHBIX
(opM IPOSIOHTHPOBAHHOTO AEHUCTBUA, TOYIEHHBIX
Ha ocHoBe POLYOX™ [14]. Kpome Toro, 68 % TM/I,

lized in isopropanol (Fig. 2, B) showed the absence of
TMD API polymorphism, as no shift or significant
change in peak intensity was observed. Furthermore,
a comparison of the XRD profiles for TMD, poly-
mers, and SDs ( Fig. 2) indicates the formation of
SDs in which TMD is molecularly dispersed within
the polymer [15].

Microscopic examination revealed a change in
the crystalline nature of the API of TMD as a result of
the formation of SDs in non-spherical particles
(Fig. 3).

CONCLUSION

In this study, SDs of a highly soluble active sub-
stance — TMD were prepared by the solvent evapo-
ration method using isopropanol as a solvent and
different proportions of Eudragit® RSPO or
POLYOX™ WSR Coagulant as a polymer well-
known for its ability to prolong the drug release.
The obtained SDs met the requirements for drug
content uniformity and had the pharmaceutical and
technological characteristics that are necessary for
further pharmaceutical investigation. The XRD
analysis and microscopic examination confirmed
the formation of SDs in which the API is molecu-
larly dispersed within the polymer. However, the
dissolution test results showed that POLYOX™
WSR Coagulant failed to prolong the release of SDs
at the studied ratios. Furthermore, in the formula-
tion prepared with Eudragit® RSPO at a ratio of 1:2,
approximately 68% of TMD released within the first
2 h of dissolution. However, increasing the
API : Eudragit® RSPO ratio to 1:4 and 1:8 resulted

Ta6smua 1. CocTaB ¥ XapaKTEPUCTHUKHU MPUTOTOBJIEHHBIX TBEP/BIX AUCIEPCUI
Table 1. Formulation and characteristics of the solid dispersions prepared

CocraB / Formulation

Xapakrepuctuku / Characteristics

Yrou IMoTepsa Bpemsa
JdKcnepu- C Koapopu-
- wm Coaepka-  ecrecT- HHpaexc B Macce IpM  pacTBoO-
MEHTAaJIbHbIN Eudra- POLYOX IHEHT
™A .o Hue A®C, % BeHHOro Kappa, %  Bbicymu- peHus, 4
oGpaser, git WSR o XaycHepa . X
. TMD API OTKOCa, Carr index, Banum, % Dissolu-
Experimental RSPO Coagulant Hausner . .
content, % Angle of . % Weightloss tion
sample o ratio . .
repose, on drying, % time, h
TApl /SDpl 1 - 2 102,06+1,10 34,25+0,36 1,20+0,01 16,52+0,61 1,13+0,05 0,5
TAp2 /SDp2 1 - 4 99,48 + 2,57 34,12+0,17 1,17+0,01 14,58+0,77 1,63 £0,04 1
TAp3 /SDp3 1 8 98,76 +1,19 31,10+0,17 1,12+0,01 10,66+0,87 2,18 0,06 1,5
THel /SDel 1 2 - 98,18+ 0,17 30,30+0,21 1,15+0,02 12,89+0,93 2,19+ 0,04 2
THe2 /SDe2 1 4 - 99,30+ 0,58 31,42+0,25 1,15+0,01 13,06+0,69 1,20+ 0,04 12
THe3 /SDe3 1 8 - 99,12 +0,78 29,22+0,50 1,13+0,01 11,28+0,58 1,65+0,05 17

IIpumeduanue. TIA-TBeprasagucnepcus; TM/ - TpuMeTasuanna guruapoxaopuf; A®C - akTuBHas papMaLeBTHIeCKasi Cy6CTaHINSA;
T/lp - TBeppas gucnepcus, POLYOX; T/le - TBepaas fucnepcus, Eudragit.
Abbreviations: SD - solid dispersion; TMD - trimetazidine dihydrochloride; API - active pharmaceutical ingredient; SDp - solid
dispersion, POLYOX™; SDe - solid dispersion, Eudragit®.
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TMJT/ TMD

Eudragit® RSPO

f e
TJle2 / SDe2

TJle3 / SDe3

Puc. 3. Mukpodororpaduu tpuMmeraszuuna guruapoxsaopuzaa (TM/), Eudragit® RSPO, POLYOX™ WSR Coagulant
Y IPUTOTOBJIEHHBIX ¢ HUMHU TBeP/IbIX nuctepcuit (Tp — tBepaas aucnepcus, POLYOX™;
T]le — TBepaas auctepcus, Eudragit)
Fig. 3. Microphotographs of trimetazidine dihydrochloride (TMD), Eudragit® RSPO, POLYOX™ WSR Coagulant,
and the solid dispersions prepared with them (SDp — solid dispersion, POLYOX™; SDe — solid dispersion, Eudragit®)

cogepskarierocsas B T/ler (TMJ] : Eudragit® RSPO
1:2), pacCTBOPWIOCH B TeueHUe 2 yacoB. OJTHAKO yBe-
JIMYEHHe JIoJIU 3Toro mosumepa 70 4 (T[e2) u 8
(Tle3) mpuBeso K 3a/epKKe BbicBOOOKAeHUss TM/]
JI0 12 ¥ 17 9 COOTBETCTBEHHO, YTO COIJIACYETCH C
LIeJIBI0 HAIler0 MCCJIeIOBAHUA MO MoyydeHuio T[]
TM/I ¢ TpOJIOHTHPOBAHHBIM BBICBOOOKIEHUEM.

CpaBHenue pgaHHbix P®A uywncroit AOC TM/I
(puc. 2, A) u AOC TM/] ocsie mepeKpUCTa/TU3AIUN
B M30mponuaoBoM coupte (puc. 2, B) mokasano
orcyrctBue monuMopduzma A®C TM/I, mOCKOIbKY
He HabJII0a10Ch CIBUTA WJIU 3HAYNUTEJIBHOTO U3Me-
HEeHUs1 MHTEHCUBHOCTU NUKa. Kpome Toro, cpaBHe-
HHUe npoduiell peHTreHOBckou nudpakmuu TM/,
nostuMepoB u T/ (cM. puc. 2) yka3pIBaloT Ha 00pa3o-
Banue T/I, B kotopsix TM/I MoseKyApHO AucHep-
THPOBAaH B mouMepe [15].

MuKpocKonuuecKoe HCCJIe/loBaHue I10Ka3ayio
U3MeHEeHNe KpUcTautmdeckoi npupoast A®C TM/T
BeencTBue obpazoBanHus T/ B Hechepuueckux
yacrurax (puc. 3).

3AKJIIOYEHUE

B pamnom wucciaemoBauuu T]I jierkopacTBOpHU-
MOTO JIeHcTByoIIero Bemiectsa — TM/I 6b11H moJTy-
4eHbl METOJIOM y/laJIeHUsI paCTBOPUTEJISI — U30TPO-
MMAJIOBOTO CIHUPTA W MCIOJb30BAHUA PABIUUHBIX
npomopiuii Eudragit® RSPO wiun POLYOX™ WSR
Coagulant B kauecTBe mosimMepa, U3BECTHOTO CBOEH

in SDs with prolonged release of API up to 12 and
17 h, respectively. Thus, SDs can be an effective
technology for prolonging the release of water-solu-
ble drugs using suitable carriers in appropriate pro-
portions.

Acknowledgments. The authors express their
gratitude to the pharmaceutical company Mir-Pharm
for providing the API of TMD and polymers.

Conflict of interest. The authors declare no
conflict of interest.

CIIOCOOHOCTBIO ITPOJIOHTUPOBATh BBICBOOOK/IEHHE.
[Tosmyuennsie T/] oTBeyasm TpeOGOBAaHHUAM OJIHO-
POAHOCTU CcO/iep:KaHUA JIeHCTBYIONIETO BeIlecTBa 1
obnazanu ¢apmaneBTUKO-TEXHOJIOTHYECKUMU
XapaKTePUCTUKAMHU, HeOOXOTUMBIMH JJIsI IPOBe/Ie-
HUA JalbHeHINUX dpapManeBTUYeCKUX HCCIej0Ba-
Hui. Pesynbratel POPA ¥ MHKPOCKOIIMYECKOTO
WCCJIEIOBAaHUs CBHUJIETEIBCTBOBAIIM 00 0oOpasoBa-
Huu T/, B koTopbix AD®C MosIeKyIApHO AUCHEPTU-
poBaHa B moJsimMepe. Bmecre ¢ TeM pe3yJsbTaThl
TecTa Ha pacTBOpeHUe nokaszanu, yro POLYOX™
WSR Coagulant He obecnieuuBaeT mosyuenus T/
IIPOJIOHTUPOBAHHOTO BBICBOOOK/IEHUS B UCCIIEye-
MBIX cOOTHoOlIeHUAX. Kpome Toro, B cocraBe, IIpu-
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roroBsienHoM ¢ Eudragit® RSPO B cOOTHOIIIEHUH
1:2, BBICBODOOX1A/I0Ch OKOJIO 68 % TMJ/I B TedeHUe
TEPBBIX 2 YacoB pactBopeHusi. OHAKO yBeJTHUEeHNE
cootrorienuss A®C : Eudragit® RSPO 10 1:4 u 1:8
npuBeso K mosydenuio T/[, kKoTopble obecredu-
BaJIU JJTUTEIbHOE BhIcBOOOKAeHe ADC B mepuos
JI0 12 B 17 9 cOOTBETCTBeHHO. Takum obpazom, T/]
MOTYT OBITH 3 (GEKTUBHON TEXHOJIOTHUEN I MIPO-
JIOHTUPOBAHUS BBICBOOOIK/IEHUSI BOJOPACTBOPU-
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