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IIpobnema neuenusi 1eKapcmeeHHO-yCmoudugo20 myoepKyie3a s61saemcs ClOHCHOU U
AKMyaIbHOU. CIMAHOAPMOM JledeHus npedyCMOmMpeH npuem nayueHmom uecmu HaumeHo-
BaHULL AHMUOUOMUKO8, M.e. 00 08a0Yamu mabiemox 6 Cymku. Imo 8vi3vieaen msiiceivle
nobounvle d¢hghexmol, 8 Mmom wucie us-3a 00pa308aHuUs 8 OP2aHUIMe MOKCUUHBIX NPOOYK-
Mo 83auMo0elCmaUsL 1eKapCmeeHHbIX npenapamos. Ilosmomy éasxcHo, umodwvl 00HU npe-
napamsi pacmeopanucs 6 xcenyoke, a Opyue — 6 KuuleuHuKe, Ymo npuseoem K no8blUEeHUIO
buodocmynHocmu, YMeHbuleHUu0 003UpO8KU, U, KAK C1e0Cmaue, K CHUNCEHUIO MOKCUYHO-
cmu. Mumepec npedcmasisiem co30anue cucmem HanpasieHHol 00CmasKu 1eKapcmeeH-
HbIX CPEeOCm8, UMEIOWUX KOHMPOIUPYeMoe 8blc8000dCOeHUe U MUHUMUZAYUIO NOOOUHBIX
appexmos. OOnum U3 Memooos AGNAEMCs BKIOUEHUE 8 NOTUILEKMPOIUMHBLE MYTIbINUC-
nou. Ienvto oannoii pabomsi A61410CL MUKPOKANCYIUPOBAHUE NPOMUBOMYOEPK)IE3HbIX
npenapamos 8 NOAUINEeKMPOIUMHbIE MYTbMUCIOU HA OCHO8E OUONOIUMEPOS, U3ydeHue
PACmMBOpUMOCMU MUKPOKANCYIL npu 3HaveHusx pH, modenupyowux pasnuunvie yuacmku
JHceny0ouHo-Kuueunoeo mpakma. Mamepuanovt u memoosl. [ nonyyeHuss MUKpOKancyi
UCNONb306AHbL IeKAPCMBEHHbIE NPENnapamyl. U30HUAZUO, NUPAZUHAMUO, MOKCUDTIOKCAYUH
u buononumepvl — 2eIaH, NeKMUH U AlbeUHAmM HAMPUs, XUmo3ar u 0eKCmpaucyivgham,
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a maxace ayopaeum S. Ilonyuennvie MUKpOKancyivl u3yyervl Memooom pacmpoeou d1eK-
mpouHoU Muxpockonuu. Konuuecmeennoe onpeoenenue d¢hghekmusHocmu Ki0OueHUs Jie-
KAPCMBEHHbIX NPenapamos 8 MUKpOKAncyivbl NPo8oOULU (PapmMakonetuHblMu Memoodmu.
Pesynomamot u oocysycoenue. Ilokazana 803MO*CHOCHb MUKPOKANCYIUPOBAHUSL NPOMU-
60nybepKYNe3HbIX NPenapamos NUPA3UHAMuod, U30HUA3UOA U MOKCUPDTIOKCAYUHA NOCPeO-
CMBOM NOKPbIMUSL NOTUINEKMPOTUMHBIMU MYTbIMUCTOAMU. YCmaHoseHo, Yymo d¢hghex-
MUBHOCMb BKIIIOYEHUs] NOBbIUUAEMCS C Y8elUudeHUeM KOHYeHmpayuu 6uonoiumepa 8 psoy
usoHuasuo<nupazunamuo<moxcugnroxcayun. Ilpu pH=7,4 cmenenv 6v1c86000COeHUA
npenapamos u3 MUKpoKkancyi, 6e3 HaHeceHHbIX Mylbmucioes, cocmasuia 3a 12 uacos —
bonee 80%, m.e. npononeayus — 12 uacos. B ciyuae Mukpoxkancyi, nOKpblmsix HOAUILEKN-
ponumuuiMu mynvmucinoamu: 3a 12 yacos — 50-55%, 3a 18 uacoe — 6onee uem 80-87%. 3a-
Karuenue. l[lokazana 803MON*CHOCMb NOIYUEHUST MUKPOKANCYI NPOMUBOM)OEPKYIe3HbIX
npenapamos ¢ UCNoNb308aHUeM OUONOIUMEPOS C NOKPbIMUEM NOTUITEKMPOIUMHBIMU C1O-
AMU, 001A0AIOWUX NPOTOHSUPOBAHHLIM Oeticmauem 00 18 uacos, umo 6 1,5 paza bonvuue,
yem 0e3 NOKpuLMus.

Knioueswie cnosa: npomueomybepkynesnvie 1eKapcmeeHuble cpeocmed, MUKpOKancy-
JIbl, NONUINEKMPONIUMHbBLE MYTLINUCTOU

The problem of drug-resistant tuberculosis treatment is complex and urgent: the stan-
dard of treatment includes the oral administration of six names of antibiotics, i.e. up to
twenty tablets a day by the patient. This causes severe side effects, including those ap-
peared due to the formation of toxic products of drug interactions in the body. Therefore, it
is important that some drugs dissolve in a stomach, and others — in the intestine, which will
lead to increased bioavailability, reduced dosage and toxicity. The development of targeted
delivery systems for drugs with controlled release, targeted delivery and minimization of
side effects are of interest. One of the promising methods is polyelectrolytic multilayers
and the technology of creating such layers by a step-by-step adsorption of heterogeneously
charged polyelectrolytes. The aim of this article is the microencapsulation of anti-tuber-
culous drugs into biopolymers coated with polyelectrolytic multilayers, and the solubility
study of microcapsules at pH values simulating various parts of the gastrointestinal tract.
Materials and methods. Drugs as isoniazide, pyrazinamide, moxifloxacin, and biopoly-
mers: gellan, pectin and sodium alginate, chitosan and dextran sulfate, as well as Eudragit
S are used to prepare microcapsules. The obtained microcapsules are studied by a method
of scanning electron microscopy. Quantitative determination of the effectiveness of the in-
clusion of drugs in microcapsules was carried out using pharmacopoeial methods. Results
and discussion. The inclusion efficiency rises with an increase of biopolymer concentra-
tion. The inclusion efficiency increases in the row isoniazide <pyrazinamide <moxifloxa-
cin. The possibility of microencapsulation of anti-tuberculosis drugs of pyrazinamide, iso-
niazide and moxifloxacin by means of coating with polyelectrolytic multilayers is shown.
At pH = 7.4, the degree of release of the drugs from microcapsules without applied mul-
tilayers for 12 hours was more than 80%, i.e. the prolongation was 12 hours. In the case
of microcapsules coated with polyelectrolytic multilayers: for 12 hours — 55/50%, for 18
hours — more than 87/80%. Conclusion. The possibility of preparation of microcapsules
of anti-tuberculosis drugs using biopolymers coated with polyelectrolytic layers, having a
prolonged action is up to 18 hours, il.5 times greater than that without coating.

Keywords: anti-tuberculosis drugs, capsule, biopolymers, polyelectrolytic multilayers
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Beenenme. [IpoGiema neueHus nexap-
CTBEHHO-YCTOWYUBOTO TyOepKyne3a sBIIs-
€TCsl CII0)KHOM M aKTyaJIbHOW: CTaHIapTOM
JIeYEHUs PEAYCMOTPEH MPUEM MALIUEHTOM
[IECTH HaUMEHOBAaHUN aHTHOUOTHKOB, T.C.
710 IBaiaTH TabJIeTOK B CYTKH. DTO BbBI3bI-
BACT TsDKENbIe MOOOYHBIE YPQEKTH, B TOM
Yuclie U3-3a 00pa30BaHMs B OPraHU3ME TOK-
CUYHBIX MPOIYKTOB B3aUMOJEUCTBUS Jie-
KapCTBEHHBIX mpenaparoB. [loatomy Baxk-
HO, YTOOBI OJTHU Tpenaparbl pacTBOPSIIUCH
B JKEIyIKE, a Ipyrue — B KHUILIEYHUKE, UTO
MIPUBEAET K MOBBIILIEHUIO OMOJOCTYITHOCTH,
YMEHBIICHUIO JO3UPOBKU U K CHH)KEHHUIO
TOKCUYHOCTH [1].

B nmocnegnee Bpems M3ydeHBI BO3MOXK-
HOCTH HCIIOJIb30BAHUS PA3IMUYHBIX CHCTEM
JIOCTaBKU JJI CO3/IaHUS MTPOTUBOTYOEPKY-
JIE3HBIX JIEKAPCTBEHHBIX IPENApaToB: IO-
JUMEpPHbIE KOMIO3UTbl, MHKPOYACTHULIBI,
HAHOYACTHIIbI, JIUTIOCOMBI, 3aMOJHEHHBIC
U TIoJIbIe Karcyisl [2-12]. B GonbmmHCTBE
Clly4yaeB B KaueCTBE MOJIEIH pacCMaTpUBa-
cs pudammuius [5-8, 11-12].

Pandey R. ¢ coaBropamu [10] m3yummu
COBMECTHOE KalCyJIMpOBaHUE TPEX IMPOTH-
BOTYOEpKYJIE3HBIX MpenapaToB NEPBOTo psijia
(pudaMnuiyH, U30HUA3U], THPA3UHAMU)
B HaHo4YacTHIbl Tonu-DL-nakTua-ko-rm-
konuaa. Asropamu [11] ObuM TOMydYeHBI
XUTO3aH-aJIbIT'MHATHbIE MUKPOKAIICYJIbI, CO-
JiepKalliie MpoTUBOTYOEpKyJIe3HbIE JeKap-
CTBEHHbIC Mpernaparbl: pudaMnulH, H30-
HUA3W]l WM NMUPa3uHAMUJ B COOTHOILICHUU
mpemnapar : ajbrusar : xutosad (1:2:2). Ilo-
Ka3aHO, YTO Mpernaparbl BbICBOOOKIAIOTCS
13 TaKMX MUKPOKAIICYJI B TEUEHUE 72 4acoB.

B nureparype omnucaHbl pe3ynbTaThl
BKJIFOUEHUSI TPOTHUBOTYOEPKYJIE3HbIX Je-
KApCTBEHHBIX IpENapaToB B MHOTOCIOMN-
Hble Karcyinbl. Tak, pugamMIuiMH BBOJUIN
B KarncCyibl W3 TOJUBUHUINUPPOIUIOHA
U TIOJMMETAKPUIOBOM KHCIOTHI U3 & cilo-
€B Pa3MEpPOM HECKOJIBKO MUKpPOH. B Heli-
TpaJIbHON CpeJie JIEKapCTBEHHOE BEIIECTBO
BBICBOOOXKa10Cch Ha 90% [8].
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Introduction. The problem of drug re-
sistant tuberculosis treatment (DR-TB) is
difficult and timely. The standard of treat-
ment of DR-TB has provided reception of 6
antibiotics by the patient, i.e. 20 tablets each
day. It causes heavy side effects because of
the formation of toxic products in organism
as a result of drugs interaction. It is import-
ant that some drugs were dissolved in a gas-
tric, and others were soaked up in intestines
that lead to the increase of bioavailability,
reduction of a dosage, and decrease in tox-
icity [1].

Recently, the possibilities of different
drug delivery systems usage (DDS) for an-
tituberculosis drugs has been studied more:
polymeric  composites, microparticles,
nanoparticles, liposomes, the hollow and
filled capsules [2-12]. As a model of anti-
tuberculosis drug rifampicin has been more
studied [5-8, 11-12].

Evaluation of three first-line antituber-
culosis drugs (rifampicin, isoniazide, and
pyrazinamide) co-encapsulated in poly
(DL-lactide-co-glycolide nanoparticles was
carried out by Pandey et al [ 10]. The authors
[11] have prepared the chitosan-alginate
microcapsules containing antituberculosis
drugs rifampicin, isoniazide or pyrazin-
amide in the ratio drug: alginate: chitosan
1:2:2. They have shown that drug release
from microcapsules happens within 72
hours.

Some results of the inclusion of antitu-
berculosis drugs in multilayer capsules are
described in the literature. So, rifampicin
was included in multilayered capsules at
pH=2 to the capsules of polyvinylpirroli-
done and poly(methacrylic) acid formed
by 8 layers having several microns size. In
neutral media, up to 90% of the preparation
was released [8].
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HecMmotpss Ha Hanuuue omnpeneseHHO-
ro KoJnyecTtBa paboT B 3TOM Harpa.Je-
HUU, 710 HACTOSAIIETO BPEMEHHU MOJIHOCTHIO
pemmmth mpobiemy He ymaercs. [lo stoit
MIPUYMHE BHUMaHUE yleseTcs: pa3padoTke
CUCTEM aJ[peCHOM JIOCTAaBKH JIEKapCTBEH-
HBIX CPEICTB, UMEIOIIUX KOHTPOIUPYEMOE
BBICBOOOKIEHUE U MUHUMHU3ALUAIO TOOO0Y-
HbIX 3(¢ekroB. ONHUM M3 NEepPCHEeKTUB-
HBIX METOJOB SIBIISIETCS TEXHOJOTHS CO3-
JaHUS TOJIUANIEKTPOIUTHBIX MYJIBTUCIOEB
MyTeM TMOCTAAMNHON aJCcopOIMU pa3HO-
UMEHHO  3apsOKCHHBIX  IOJIMAJIEKTPOIIH-
toB — LbL (Layer-by-Layer Electrostatic
Self-Assembly, LbLL. ESA) [13]. K npeu-
MYIIIECTBAaM MaTe€puajioB Ha OCHOBE MOJH-
AIIEKTPOJIMTHBIX KaIlCyl MOXHO OTHECTHU
3alIUTy OT BO3MOYKHOTO BIIMSIHHSI OKpYKa-
IOIIEH CPeJlbl; PACTBOPUMOCTD B Pa3IMYHbIX
pPacTBOPUTENSIX, KOTOPAsi PETyaUPYyeTCs U3-
MEHEHUEM BHEIIHEro cyios (ruapooOHbie
CJIOM YBEIMYHMBAIOT PACTBOPUMOCTh B Mac-
Jax, TUAPO(HUIBHBIE CIIOW TMOBBIIIAIOT BO-
JIOPACTBOPUMOCTh ).

JInist co3maHusi HOBBIX CPEACTB JOCTaBKU
OMOJIOTMYECKH aKTHUBHBIX BELIECTB WHTEPEC
TIPENICTABISIIOT CHHTETUYECKIE U TIPUPOIHBIC
MOJIUMEPBI, B YaCTHOCTH, MOJMCAXapUJbl,
TIOJIMMOJIOYHAS. W TIOJUIJIUKOJIEBAsT KUCIIOTHI,
MOJUIAKTUABI, MTOJUAKPUIIATHI, TIOIUATHUIICH-
JIUKOJb M €T0 aHAJOTU | Jp. TOHKHE MONu-
MEpHbI€ TUICHKA BBICBOOOXKIAIOT OHOJIO-
TMYECKH AaKTHBHBIC BEIIECTBA B OTBET Ha
U3MEHEHHE MapaMEeTPOB OKPYKAIOIIEH CpeJib
(pH, Temmieparypa U MOHHAs CHJIa pacTBOPA,
ANIEKTPOHHOE M MarHuTHoe moJst). Mmetorcs
JTAHHBIE TI0O MUKPOKAICYJIMPOBAHUIO TMPOTHU-
BOTYOEpKYJIE3HbIX JIGKAPCTBEHHBIX Iperapa-
TOB TOJU3JIEKTPOIIMTHBIMUA  MYJIBTHCIIOSIMU
LbL (texnuka cioit 3a cioeM). C MOMOIIBIO
9TOW TEXHOJNOIWU OBbUIM TOMY4EHBl XUTO-
3aH-JIEKCTPAHCYIb(aTHble MHKPOKAIICYJbI C
PUPAMITUIIMHOM € MCHOIb30BAHUEM JAUOKCHU-
71a KpEMHHS B Ka4eCTBE sijpa ¢ BBICBOOOXK 1e-
HueM pudamvmuimaa npu pH=1,2 u pH=7,4 B
TedeHue 72 vacos [12].

Despite the presence of a certain number
of works in this direction epy attempts to re-
solve the problem completely fail until the
present. For this reason, attention is devoted
to the development of systems for targeted
drug delivery with controlled release and
minimizing side effects. One of the prom-
ising methods is the polyelectrolyte mul-
tilayers creating technology by sequential
adsorption of oppositely charged polyelec-
trolytes — LbL (Layer-by-Layer Electrostat-
ic Self-Assembly, the LbL ESA) [13]. The
advantages of the materials based on poly-
electrolyte capsules include protection from
possible environmental effects; solubility
in various solvents, which is adjusted by
changing the outer layer (hydrophobic lay-
ers increase the solubility in oils, hydrophil-
ic layers to improve water-solubility).

To create new delivery vehicles of bio-
logically active substances of interest are
synthetic and natural polymers, particularly
polysaccharides, are and polyglycolic acid,
polylactide, polyacrylates, polyethylene
glycol and its analogs, etc. A thin polymer
film release biologically active substances in
response to changing environmental param-
eters (pH, temperature and ionic strength of
the solution, electronic, and magnetic field).
However, there are very few literary data
on encapsulation of antitubercular drugs
by polyelectrolytic multilayers. In chi-
tosan-dextran sulfate hollow capsules were
prepared by LbL-technique (Layer-by-Lay-
er, Electrostatic Self-Assembly, LbL. ESA)
using silica particles. Anti-tuberculosis
drug, rifampicin encapsulated into prepared
hollow capsules. The microcapsules exhib-
ited sustained release of rifampicin over 72
hours at pH=1.2 and pH=7.4 [12].
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Ieabro 1aHHOM pabOTHI ABISETCS MUKPO-
KariCyJIMpOBaHUE  MPOTHUBOTYOEPKYJIE3HBIX
IpernapaToB B OMONOJIMMEPHI C HCTIOIb30Ba-
HUEM TEXHOJIOTUHU TOKPBITHS MOJIUAIEKTPO-
JUTHBIMA MYJBTHCIOSIMH M H3yUYEHUE pac-
TBOPUMOCTH MHUKPOKAICY1 MpPU 3HAYECHUSIX
pH, Mozenupyromux pazIuyHble YYacTKU
KEITYTOYHO-KUILIEYHOTO TPAKTA.

Marepuanasl 1 mMeroabl. s nomyde-
HUSI MUKPOKAICyJl B Kau€CTBE KOHTEUHEPOB
MCIIOJIb30BaHbl PUPOHBIC MOIUMEPHI Tell-
JlaH, TIEKTUH W aJbruHar Hartpus. B pabo-
T€ HCIOJb30BaH HU3KOAUETUINPOBAHHBIN
rejulad (npousBoacTBo Kwutail), Hu3koMe-
TOKCWJIMPOBAHHBIN TEKTUH CO CTETCHBIO
srepudukaimu 20-40% u anbruHaT HaTPUS
(mpomzBoactBa Sigma-Aldrich). s momy-
YEHHUS] MYJIBTHCIIOEB BBIOpAHBI KAaTHOHHBIN
MOJIMAJIEKTPOJIUT XUTO3aH M aHHUOHHBIE T10-
JIMRJIEKTPOIUTHL  JIGKCTpaHCYIb(par u 23y-
naparuT S. B paboTe ucronb30BaH XUTO3aH
BogopactBopuMslii, > 8000 Jla (3AO «buo-
mporpecc») M JeKcTpaHcynbdar Harpus
(C), 500 xa (Sigma-Aldrich), synparur S.

CyOcTaHUUd  MPOTUBOTYOEPKYJIE3HBIX
JIEKapCTBEHHBIX MpENapaToB H30HHUA3UIA
u nupaszuHamuja (mpousBoacTBa Shanghai
International Pharmaceutical Co), Mok-
cuduioKkcanuHa THAPOXJIOPHUA (TIPOU3BO-
ctBa TOO «IlaBnonapckuii papmareBTHYE-
CKHH 3aBO/»).

Mukpokarncybl MoJIy4aald METOJOM HO-
HOTPONHOTO TeneodpazoBanus. Mcnoms3o-
BaHbI CJICAYIOININE KOHIICHTPALUU OMOTIOIH-
MEpOB: KOHILIEHTpauuu OuomnonumepoB 1%
u 3% pactBop remana, 1% u 2% pactBop
nektuHa, 2% u 3% pacTBOp aJbrMHATA Ha-
Tpus. s MUKpOKaICyaIupoBaHusl UCIOIb-
3oBanbl 0,01 r/mu1 pacTBOp NMuUpasuHaAMU/IA,
0,02 r/mn pactBopbl MOKCHU(]IIOKCAalIMHA U
u3oHuasuaa. PactBop 6uomnonumepa Harpe-
BaJM C pacTBOpPOM Ipenapara (mupa3uHa-
MU, MOKCU(ITOKCAIIMH WA U30HUA3U) J10
90°C. M3BecTHO, YTO MOHOTPOITHOE Telie-
0o0pa3oBaHUE MPOUCXOIUT B MPUCYTCTBUHU
coieil MerauioB. ONTUMaIbHOW Cpenou
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The aim of this work is the encapsula-
tion of anti-tuberculosis drugs in the bio-
polymers coated with polyelectrolytic mul-
tilayers, and evaluation of drug release at
values pH, modeling various sites of a gas-
trointestinal tract.

Materials and methods. The natural
polymers: low-acetylated gellan (China
producted), LM (low methoxyl) pectin, and
sodium alginate (Sigma-Aldrich) were used
as the containers for capsules. For prepa-
ration multilayers cationic polyelectrolyte
chitosan (Hit) water-soluble, > 8000 Da
(Bioprogress, Moscow), anionic polyelec-
trolytes sodium dextran sulphate (DS), 500
kDa (Sigma-Aldrich) were chosen. Sub-
stances of antitubercular drugs isoniazide
and pyrazinamide (Shanghai International
Pharmaceutical Co producted), a moxiflox-
acin hydrochloride (Pavlodar Pharmaceuti-
cal Plant, Kazakhstan producted.

Microcapsules were obtained by the
method of ionotropic gelation. The follow-
ing concentrations of biopolymers: 1% and
3% gellan gum solution, 1% and 2% pectin
solution, 2% and 3% sodium alginate solu-
tion were used. For microencapsulation 0.01
g/ml solution of pyrazinamide, 0.02 g/ml

solutions of moxifloxacin and isoniazid
were used. The biopolymer solution was
heated with a solution of the drugs (pyrazin-
amide, moxifloxacin, or isoniazid) to 90°C.
It is known that ionotropic gelation occurs

in the presence of metal salts. The opti-
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JUISL  TIOJIYYCHHSI MHKPOKAIICYJT SIBIISCTCS
pacTBOp COJM JABYXBAJIEHTHOIO METaJIa.
Hamu BbIOpaH pacTBOp XJI0pHIa KaJlblUs B
KoHI1eHTpauu 1%.

[TomyueHHYI0 CMECH: pacTBOp OMOTIONH-
Mepa U JIEeKapCTBEHHOIO Mpernapara, 1o Ka-
TUTSIM BHOCHWJIH B PaCTBOP KJIBIIHSI XJIOPHU/IA.
Mukpokarncynibl BbIACPKUBAIN B TEUCHUE
10 MuH B pacTtBOpe KanbLus XJOpUJIa, 3a-
TEM MPOITYCKaJli Yepe3 CUTO U MPOMBIBAIIH
20 M TUCTUITUPOBAHHOM BOJIbI, MOACYILIN-
BaJIM Ha BO3JIyXe, & PACTBOP HCIOIb30BAIH
st onpeneneHust 3HHEKTUBHOCTH BKITIO-
YEHUS JIEKAPCTBEHHOT'O BEILIECTBA.

KomnuectBennoe ompenenenue  ¢-
(heKTUBHOCTH BKJIIOUCHHSI JICKAPCTBEHHBIX
MpernapaToB B MUKPOKAICYJIBI TTPOBOIUIH
(hapmMakonelHbBIMU METOJIaMU: COZIEp)KaHHE
nupasuHaMua U MOKCH(IIOKCAIIMHA OIpe-
JEJSITA METOJIOM CIIEKTPOOTOMETPUN HA
npudope Specord 210 (I'epmanus) npu anu-
HE BOJIHBI 268 HM 1 295 HM, n30HHa3uga —
MeTooM Opomarometpun [ 14].

[lokpbiTHE Karcynd MOJIMANEKTPOIIUT-
HBIMA MYJIBTUCIIOSIMH TIPOBOAUIIM  METO-
nom LbL, mocnenoBarensHO TOTrpy»)as WX
B BOJHBIA PAaCTBOpP XUTO3aHA M B PaCTBOP
NeKcTpaHcyabdara B XJIOpUIE HATpUS WIH
B pacTBop syaparuta S. I[locne norpyxenus
B KQKJIBIM MOJTUAICKTPOIUT MUKPOKAIICYIIbI
JIBKbI MPOMBIBAJIM BOJOW. DTy Mpolie-
ypy TIOBTOPSUIH TISITh WJIM JIecaTh pa3. Ta-
KUM 00pa3oM, OTy4YaIuCh MATh WU JECATh
OMCII0EB U3 MOJIOKUTEITHHO U OTPULIATEIIEHO
3apsHKEHHBIX  TTOJTUAJIEKTPONUTOB. MCTons-
30Banbl 0,5% BOAHBIN PacTBOpP XHMTO3aHA,
0,5% pacTBOp AeKCcTpaHCyIb(ara B XJIOpUIE
Harpus, 0,5% pactBop syaparuta S.

JI3eTa-noTeHnuan noaudIeKTPOIUTHBIX
CJIOEB OIPEAEISIN C TOMOIIbIO TUHAMUYE-
CKOT'0 JIa3€pHOT0 CBETOPACCESIHUSI Ha IMpH-
6ope Malvern Zetasizer Nano ZS90 (Bemnu-
KOOpUTaHMUS ).

CTpyKTypy MHUKpPOKAICYyJl H3ydajau Me-
TOJIOM CKaHUPYIOIIEH AEKTPOHHOU MUKPO-
CKOIMM HAa HHU3KOBAKYYMHOM PacTpPOBOM

mal phase for microcapsules is a solution
of the salt of divalent metal. We have
chosen the solution of calcium chloride at a
concentration of 1% for this purpose.

The mixture of biopolymer and drug
dropwise introduced into the solution of
calcium chloride. Microcapsules were kept
for 10 min in a solution of calcium chloride,
then passed through a sieve and washed
with 20 ml of distilled water, dried in air at
the ambient temperature. The solution was
used to determine the effectiveness of sub-
stances incorporating.

The encapsulation efficiency was deter-
mined by Pharmacopoeia methods: pyrazin-
amide and moxifloxacin on the spectropho-
tometer (Specord 210, Germany) at 268 nm
and 295 nm, isoniazide by a bromatometric
method [14].

The coating of capsules by polyelec-
trolytic multilayers was carried out by
LbL-technique, consistently immersing
them in water solution of a chitosan and in
dextran sulphate solution in sodium chlo-
ride. After immersion in each polyelectro-
lyte capsules twice washed distilled water.
This procedure was repeated by 5 or 10
times. Thus, 5 or 10 bilayers of oppositely
charged polyelectrolytes have been formed.

Dzeta-potential of each polyelectrolytic
layer was measured by dynamic laser light
scattering method on the Malvern Zetasizer
Nano ZS90 (Great Britain).

The surface morphology of the capsules
was studied by scanning electronic micros-

copy on a low-vacuum raster electronic mi-
169
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anekTpoHHOM MUKpockorie «JEOLy pupmer
«JSM-6390 LV» (SnonHus).

TecTsl in vitro Ha paCTBOPEHUE U BBICBO-
OOXJIeHHE TMpenaparoB M3 MHUKPOKAICYI
Ipu pasHbIX 3HaYeHusx pH nmpoBonunu B
COOTBETCTBUU ¢ TpeOoBaHusmu [14], uc-
none3yst mpudop «Tectep pacTBOPUMOCTH
(Erweka, I'epmanust) ¢ xop3uakoi. O0beM
cpensl pactBopeHus — 600 mi, Temmnepa-
Typa cpensl pactBopenus — (37 + 0,5)°C,
CKOpOCTh BpamieHusi kop3uaku — 100 06/
MUH, BpeMsI pacTBOpeHHsI — 110 12 yacos,
MOBTOPHOCTh OMNBITOB 3 pasa. TecTsl mpo-
BOIMIIKCH B cpefe xenynka (0,1 M pactBop
XJIOPUCTOBOOPOIHOM KucioThl, pH=1,2) u
kuiedyHuka (pocdarusiii Oydep, pH=7,4).
Konuenrpauuu  nupazuHamuaa,  MOK-
cudIoKcallMHa U W30HUA3UJIA ONpeNesin
METOJIOM Y®-BUIUMOM CIEKTPOCKOINU
IpH JUIMHE BOJIHBI 268, 295 u 263 uwm. Ilo-
BTOPHOCTh BCEX KOJIMUYECTBEHHBIX OIpee-
JIeHUH ObllIa TPEXKPATHOM.

PesyabTarsl u o0cy:xkaenne. Metonom
MOHOTPOIIHOTO Trejieo0pa3oBaHus MOIyye-
Hbl MUKPOKAIICYJIbl N30HUA3K/1a, TUpa31Ha-
MHUJa U MOKCU((DIOKcaIlHa Ha OCHOBE OHO-
MOJIMMEPOB: TeJlJIaHa, IEKTHUHA U aJbruHaTa
Hatpus. [lonyyarorcst mpo3payHble MUKPO-
KarlcyJybl co cpeHUM AuameTpom 1,5-2,0 Mm.
Muxkpokarncyibl Ha OCHOBE MEKTHHA IMOJTY-
YaroTCsl HEMPABUIILHOMN BBITSIHYTOU (DOPMBI,
OCTaJbHbIE MMKPOKANCYIbl MPABUIBHOMN
cthepuueckoir GopMbI TPUMEPHO OJTUHAKO-
BOTr0 auamerpa. Takyke yCTaHOBJIEHO, YTO
aJbIMHATHBIE MUKPOKAICYJIbl HYXKHO MOJTY-
yaTh Npu 3HadeHnu pH=>5, npu npyrux 3Ha-
yeHusAx pH MuKpoOKancCynbl OKa3ajlnuch He-
cTabmibHbBIMU. BusyanbsHO HaOm0OIanoch,
YTO TIOCJI€ MOKPBITUSI MYJIBTUCIIOSMHU TIPO-
3payHble MHUKPOKAICYJbl IMOKPBUIUCh Ma-
TOBOU mJieHKOoN. HaHeceHne KaXkIIoro ciios
ITOATBEPKIAJIOCHh HM3MEPEHHUEM J3€Ta-I10-
TEHLMAJIa TIOBEPXHOCTU MHKPOKAIICYIIBI.
[Tocne HaHeceHus1 XUTO3aHa, A3€Ta-MOTEH-
[AaJl UMEET MOJOKUTEIbHBIN 3HAK, MOCIe
HaHECEHUs ACKCTpaHCyab(haTa WiIn dyapa-
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croscope of “JEOL” of JSM-6390 LV (Ja-
pan).

In vitro drug release studies carried out
according to Pharmacopoeia requirements
[13], using the dissolution apparatus (Erwe-
ka, Germany) at temperature (37 + 0.5)°C
and the rotation speed 100 rpm. The tests
were performed at gastric pH (0.1N HCI,
pH=1.2) and intestinal pH (phosphate buf-
fer, pH=7.4). Pyrazinamide, moxifloxacin
and isoniazide concentration were deter-
mined by UV-Visible spectrophotometric
method at 268, 295 and 263 nm. All quanti-
tative analyses were repeated 3 times.

Results and discussion. By the meth-
od of ionotropic gelation microcapsules of
isoniazid, pyrazinamide, and moxifloxacin
on the basis of biopolymers: gellan gum,
pectin and sodium alginate were obtained.
Transparent microcapsules with an average
diameter of 1.5-2.0 mm were obtained. Mi-
crocapsules on the basis of pectin obtained
irregular elongated shape. The remaining
microcapsules are of spherical shape ap-
proximately the same diameter. It is found
that alginate capsules need to be prepared
only at pH =5, at other pH values the pre-
pared capsules were unstable.

It was visually observed that after coat-
ing the transparent multilayer microcapsules
covered with frosted film. The application
of each layer was confirmed by measuring
the Zeta potential of the surface of the mi-
crocapsules. After application of chitosan,

Zeta potential is positive after deposition of
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ruTa S J3€Ta-NMOoTeHLHal HUMEET OTpHUIla-
TEIbHBIN 3HAK.

Ha pucynke 1 npeacraBieHbl MUKpOdO-
Torpaduy MUKPOKAICYJbI, OJy4YCHHBIC Ha
ANEKTPOHHOM MHKpockomne. CrpaBa oTueT-
JIMBO BHUJIHA TPaHULA MEXK]Y TIeUIaHOM U
MOJIUAIEKTPOITUTHBIMUA MYJIBTUCIOSIMU.

dextran sulfate or Eudragit’s Zeta potential
has a negative sign.

The microphotographs of the capsule
are presented in the figure 1. On the right,
the border between gellan and polyelectro-

lytic multilayers is clearly visible.

Pucynox 1 — Mukpokancynul 2enian-u3oHuasud, ROKpolmule noauI1eKmpoIumHblMu
MYbMUCTOAMU U3 XUMO03AHA U 0eKcmpancyibpama
Figure 1 — Gellan-isoniazide capsule is coated by polyelectrolytic multilayers
of chitosan and dextran sulfate

Pesynbrarel onpeneneHus 3PpQPeKTuB-
HOCTH BKJIIOUEHHMSI NIPENapaTroB B KarCyJibl,
npuBeeHbI B Tabnuue 1.

Kak BugHo u3 tabmuusl 1, 3pdextus-
HOCTb BKJIIOYEHMSI IOBBIIIAETCA C YBEIU-
YeHHEeM KOHLIeHTpauuu ouononaumepa. OHa
yBEJIMUYMBAETCA B PSAAY M30HUAZUA<ITUPA3U-
HaMUI<MOKCHUDITOKCAIIHH.

HccnenoBanust BICBOOOXKIEHUS Iperia-
paToB M3 TeJlJIaHOBBIX MHUKPOKAICYJ KOM-
OWHaIMU THpa3WHAMUAA U MOKCH]IIOKCa-
LIMHA B YCIIOBUAX, MOJEIUPYIOLIUX CPEIbI
KEJIyJOYHO-KHILIEYHOIO TpPAaKTa 4YeJlOBeKa
ITOKa3aju, 4To B KUcCJIou cpeae npu pH=1,2
(COOTBETCTBYET JKEIYIKY) MHKPOKAIICYJIBI
HE PacTBOPSUINCH B TEYEHHUE CYTOK.

Results of encapsulation efficiency de-
termination are given in tab. 1.

As seen from the table 1, generally en-
capsulation efficiency increases with the
increase of biopolymer concentration. En-
capsulation efficiency increases among iso-
niazide<pyrazinamide<moxifloxacin.

Study of drugs (the combination of pyr-
azinamide and moxifloxacin) release from
gellan microcapsules in conditions simu-
lating the environment of the gastrointes-
tinal tract showed that in acidic medium at
pH=1,2 (corresponds to stomach) of the mi-
crocapsules did not dissolve during the 24 h.
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Taonuua 1 — Ipghexmusnocms 6K110UEHUA NPENAPAMOE 8 MUKPOKANCYbl
Table 1 — The effectiveness of the inclusion of drugs encapsulation

Db HeKTUBHOCTD BKIIIOUEHHUS JIEKAPCTBEHHBIH MIpenaparos, %o /
Marpuua kamncyssl / Efficiency of drug encapsulation, %
Capsule matrix IMupazunamun / Moxkcuduoxcanus / W3onnasun /
Pyrazinamide Moxifloxacin Isoniazide
1% rennan / 22.67+1.44 31.00 +2.49 2633+ 1.44
1% gellan
3% rennan / 25.00 +2.49 49.67 + 1.44 22.00 +£2.49
3% gellan
1% nexruH / 17.00 + 3.05 39.00 +2.49 3533+ 1.44
1% pectin
2% nextuH / 46.33 +1.44 51.67+1.44 35.67+1.44
2% pectin
2% anbruHar / 2433 +4.54 30.07 £ 2.61 13.72 +4.41
2% alginate
3% anbrunar / 26.53 +3.09 50.60 + 1.64 19.43 £2.93
3% alginate

[Ipu pH=7,4 ctenennp BBICBOOOXKICHUS
npernapaToB M3 MHUKpPOKarcyn, 0e3 HaHe-
CEHHBIX MYJIBTUCIIOEB, COCTaBHIIA 32 4 yaca
okojo 30% akTUBHOTO WHIPEIUEHTA, 3a
8 gacoB okono 50%, 3a 12 yacoB — Oosee
80%. Ilpononramus cocraBuia 12 4acos,
4TO O0ECreuynBaeT MPUCYTCTBUE Tepares-
THYECKUX J103 JICKAPCTBEHHBIX Iperapa-
TOB B TeueHue JaHs. OIHaKO, TaKas CTEIICHb
NPOJIOHTAIIMM  HEIOCTAaTOYHA, TOCKOJIBKY
npernaparsl TOKCHYHBIL. B ciyuae MuUKpo-
Karcyi, MOKPBITHIX MOJUIEKTPOIUTHBIMH
mynbsruciosmu (5/10 6ucnoes), npu pH=7,4
HaAOIIFOIaI0Ch  0oJiee  MPOJIOHTHPOBAHHOE
BBICBOOOXIeHHE: 3a 6 yacoB 30-34% ak-
THUBHOTO BelllecTBa, 3a 12 yacoB — 50-55%,
3a 18 yacoB — Ooinee, uem 80-87%. Takum
o0pa3om, B 3TOM cllydae MPOJIOHTAIUs CO-
craBmia Oonee 18 gacos, T.e. B 1,5 paza
OobIre, yem 6e3 myabrucioeB. [Ipononra-
IMS BBIIIC, YeM OOJIbIIIe OMCIIOEB.

HcxonHble aKTHBHBIC HHTPEAUCHTHI TTH-
pasuHaMUI, MOKCH(IIOKCAIIMH U H30HUA3H/T
OBICTPO PACTBOPSIOTCS, BCACBIBAIOTCS B XKe-
JTYIOYHO-KUIIIEYHOM TPAKTE€ U BBIBOIATCS
U3 OpraHu3Ma, Mo3TOMy OOJbHBIC BBIHYXK-
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At pH =7.4 extent of drug release (%)
without coating polyelectrolytic multilayers
has made of capsules in 4 hours about 30%
of active agent, in 8 hours — about 50%, for
12 hours — more than 80% (pH =1,2, pH
=4,5 and pH =6,8). Prolongation amounted
to 12 hours. The drugs stated above are ap-
plied daily once a day. The therapeutic dose
remains in an organism of patients within
12 hours. Prolongation of 12 hours provides
presence of therapeutic doses within a day.
However such extent of prolongation is in-
sufficient for anti-tuberculosis drugs as they
are very toxic. In case of the capsules coat-
ed with polyelectrolytic multilayers (5/10
bilayers of each polyelectrolyte) at pH =7.4
more prolonged release was observed: in 6
hours is released by 34/30% of active agent,
in 12 hours — 55/50%, in 18 hours — more
than 87/80%. In this case prolongation is
over 18 hours, 1,5 times more, than without
multilayers. The prolongation is longer if
more number of bilayers.

Initial active ingredients pyrazinamide,
moxifloxacin and isoniazide are quickly
dissolved and quickly soaked up in gastro-
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JICHBI IPUHUMATh UX €XKeIHEeBHO. Pa3pabo-
TaHHas HaMU MPOJOHTUPOBaHHasA (opma
MpenapaTtoB MOXKET TMOAJICPKUBATH Tepa-
MEBTUYECKYIO KOHIICHTPAIIUIO B OPTaHU3ME
0osee NTUTENBHOE BpEMs, YTO IMO3BOJIUT
YMCHBIIIUTh YAaCTOTY MPUEMa MPEnapaToB U
CHU3UTh UX TOKCHUECKOE BO3/ICHCTBUE.

3akirouenue. Takum oOpa3om, TIpoBe-
JIEHO MUKPOKAICYJIUPOBAHUE MPOTUBOTY-
OEpKyYJE3HbIX JIEKAPCTBEHHBIX IMpErapaToB
OouornoiMMepaMu ¥ TMOJIUAICKTPOIUTAMHA
MOCJIEIOBATEILHOM aAcopOIMeil mTpPOTUBO-
MOJIO’KHO 3apsSIKEHHBIX MOJUAIEKTPOJIUTOB
U3 PAacTBOPOB C 0Opa30BaHMEM TOIHMAIEK-
TPOJUTHBIX MYJIBTUCIIOEB (TaK Ha3bIBaeMast
texuuka LbL). ITlokazaHa BO3MOXHOCTb
WCIIONBb30BaHUS ISl MHUKPOKAICYJIHpPOBa-
HUsl OMOpa3yiaraeMbiX U OMOCOBMECTUMBIX
noauMepoB. JIaHHBIM METOZOM MOXKHO J10-
OUTBCS KOHTPOJIUPYEMOTO BHICBOOOXKICHHUS
MPOTUBOTYOCPKYJE3HBIX  JICKAPCTBEHHBIX
npernapaToB B cpele KuileuyHuka. J[okasa-
HO, YTO TOJUDJIEKTPOJUTHOE MHUKPOKAICY-
JUPOBAHUE MTO3BOJISIET TIOTYYaTh MTPOJIOHT U~
poBaHHbBIE (OPMBI IPOTUBOTYOCPKYIIE3HBIX
IpernapaToB JJis MEepOpPabHOTO MPUMEHe-
HUSL.

Baarogapuoctu. Jlannas paborta BbI-
NoJIHEHA NMpY GUHAHCOBOU NojAepx ke Mu-
HUCTEpCTBa 00a3oBaHUs U Hayku Pecmy-
omuku Kazaxcran, rpant Ne0794/ I'®4.
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intestinal tract and also quickly removed
from an organism. Therefore, patients are
forced to accept them daily. The developed
prolonged shape will be kept by therapeutic
concentration a long time, so it is possible
to reduce the frequency of drugs, using that
will lead to decrease in toxic effects.

Conclusions. Thus, the microencapsu-
lation of antituberculosis drugs with bio-
polymers and polyelectrolytes by sequential
adsorption of oppositely charged polyelec-
trolytes from solution with of polyelectrolyte
multilayers (the so-called LbL technique)
formation was carried out. It is shown that
the use of microencapsulation with biode-
gradable and biocompatible polymers. By
this method it is possible to achieve a con-
trolled release of antituberculosis drugs in
the environment of the intestine. It is proved
that the polyelectrolyte microencapsulation
allows to obtain a prolonged form of an-
ti-TB drugs for oral administration.
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Kum Mapuna Emenvanosna — xanoudam gap-
MAYesmMuecKux HAayK, suye-npesudeHm KOMNAHUuu
«Pomamy, Pecnybnuxa Kazaxcman, e. Ilasnooap.
Obnacmov Hayumvlx UHmMepeco8 — paspabomxa u
KOMMepyuanu3ayus 1eKapCcmeeHHblX npenapanos.

H3ympyooe Bnaoumup Anexceesuu — 0oxmop
XUMUYECKUX HAYK, npogeccop, 6edyujuil HAyuHbllL
COmpYOHUK Kagheopvl 8bICOKOMONEKVISPHBIX COeOU-
Henull Mockoeckoeo 20cy0apcmeeHHo20 YHUBEPCU-
mema um. M.B. Jlomonocosa, 2. Mockea, Poccus.
Obnacmv HayyHvlX uHmMepecos — CUHme3 U C0ll-
CMBAa NONUIIEKMPOIUMO8, CIMPYKmMypa U c8oUCmad
NOAUIIEKMPOTUMHBIX KOMNJLEKCO8 U KOMNO3UYULL HA
Ux OcHoge.

Apunircanosa 3yxpa Kymabekosna — vazucmp
XUMUU, HAYYHBLI COMPYOHUK KADeOpbl XUMUU U XU~
Muyeckux mexuvoroautl Iocyoapcmeenno2o yHusep-
cumema umenu lllaxapuma, 2. Cemetl, Pecnyonuxa
Kaszaxcman. Obnacms Hayunvix unmepecos — nou-
MepHbie KOMNO3UMbl, CUHME3 U CMAHOAPMU3AYUS
Hanouacmuy.
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