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Polyelectrolytic multilayers as drug delivery system

This article is devoted to preparation of polyelectrolytic microcapsules of two antitubercular drugs (ATDs) as
the new drug delivery system (DDS). Co-encapsulation of oral antitubercular drugs pyrazinamide and
moxifloxcin by polyelectrolytic multilayers is carried out for the first time. At first by ionotropic gelation
method co-encapsulation of drugs to a polymeric matrix carried out. As a matrix biopolymers gellan and so-
dium alginate were used. The co-encapsulation efficiency was determined using UV-spectroscopy method as
it is specified in the State pharmacopeia of the Republic of Kazakhstan. Then by the method ‘of fiber adsorp-
tion (LbL-technique — Layer by layer deposition) on microcapsules sequentially coated a cationic polyelec-
trolyte chitosan and an anionic polyelectrolyte eudragit S100. The charge of each layer was determined by
zeta-potential measurement. Microcapsules about 3, 5 and 10 bilayers of polyelectrolytes are prepared. The
structure of microcapsules was studied by method of the scanning submicroscopy. In vitro drug release stud-
ies carried out at values pH, modeling various sites of digestive tract. As a result of a research it is shown that
microcapsules possess the prolonged action. With increase in number of bilayers extent of prolongation of
drugs increases. It is enough 5 bilayers of polyelectrolytes to achieve the 24th hour prolongation of drugs.

Keywords: antitubercular drugs, microcapsule, biopolymers, polyelectrolytic multilayers, controlled release.

Introduction

For the treatment of drug-resistant forms of tuberculosis, patients are forced to take 20 tablets of six
types of drugs per day. It is interfaced by heavy side effects. Accordingly, any attempts to enhance drug-
resistant tuberculosis treatment in order to.it’s.endure by patients are actual and socially-implicated.
Therefore, scientists conduct various researches on the dosage optimization, prolonged action and en-
hanced bioavailability of antitubercular-drugs [1].'For this purpose various drug delivery systems (DDS)
have been developed: microparticles, nanoparticles, liposomes, polymeric composites, the hollow and filled
capsules. In the literature there is a lot of works devoted to the use of biopolymers as DDS [2, 3]. However,
there are very few literary data on encapsulation of antitubercular drugs by polyelectrolytic multilayers. For
example, rifampicin encapsulated into chitosan-dextran sulfate hollow microcapsules. Rifampicin released
from these microcapsules within over 72 hours at pH=1.2 and pH=7.4 [4]. One of the urgent solutions of the
problem of the dosage optimization is the development of new DDS for the preparation of combined and
prolonged forms of ATDs.

The goals of this. work are co-encapsulation of two antitubercular drugs — pyrazinamide and
moxifloxacin in the biopolymer coated with polyelectrolytic multilayers, and evaluation of drug release at
values pH, modeling various sites of a gastrointestinal tract (GIT).

Materials and methods

The biopolymers low-acetylated gellan (China producted) and sodium alginate (Sigma-Aldrich) were
used as the containers for capsules. For preparation of multilayers the cationic polyelectrolyte chitosan (Chit)
water-soluble, > 8000 Da (Bioprogress, Moscow) and anionic polyelectrolyte Eudragit S100 (Eud) (Sigma-
Aldrich) were chosen.

Substances of antitubercular drugs pyrazinamide (Pz), (Shanghai International Pharmaceutical Co), a
moxifloxacin hydrochloride (Mfx) (Pavlodar Pharmaceutical Plant, Kazakhstan) were used.

Drug containing microcapsules were prepared by ionotropic gelation method [5, 6]. The co-encap-
sulation efficiency was determined using the methods given in Pharmacopoeia: the quantity of pyrazinamide
and moxifloxacin were determined on the spectrophotometer (Specord 210, Germany) at 268 nm and 295 nm
accordingly [7].
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The coating of microcapsules by polyelectrolytic multilayers was carried out by LbL-technique (Layer
by layer deposition), consistently immersing them in water solution of a chitosan and in Eudragit S100
solution in sodium chloride. After immersion in each polyelectrolyte the microcapsules were twice washed
with distilled water. This procedure was repeated 3, 5 or 10 times. Thus, 3, 5 or 10 bilayers of oppositely
charged polyelectrolytes have been formed.

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

The surface morphology of the microcapsules was studied by scanning electronic microscopy on a low-
vacuum raster electronic microscope of «JEOL» of JSM-6390 LV (Japan).

In vitro drug release studies carried out according to Pharmacopoeia requirements [7], using the dissolu-
tion apparatus (Erweka, Germany) at a 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 buffer, pH=7.4). Concentra-
tions of the drugs were determined using UV-Visible spectrophotometric method at 268 and 295 nm:"All
quantitative analyses were repeated 3 times.

Results and discussion

Drug containing spherical microcapsules of size around of 1,5-2,0 mm were prepared: Microcapsules
were kept within 10 min in calcium salt solution, then passed through a sieve and washed twice in distilled
water and dried on air at room temperature. The solution was used for the determination of co-encapsulation
efficiency.

SEM microphotographs of microcapsules same as gellan-isoniazide microcapsule with 5 bilayers
Chit/DS [6], and also the border between the microcapsule and polyelectrolytic layers is visible (see Fig.).

15kV X1,100 10ym 0000 1170 60Pa

Figure. SEM microphotograph of microcapsule 3 % gellan/Pz/Mfx + 3 bilayers Chit/Eud

Results of co-encapsulation efficiency determination are given in Table 1.

Table 1
Co-encapsulation efficiency, %

Microcapsule matrix | Pyrazinamide Moxifloxacin
1 % gellan 27,5+1,3 27,6 £ 10,6
3 % gellan 399+4,2 41,8 £2.2
2 % alginate 26,5+ 3,1 32,1+£2,6
3 % alginate 28,0+2,1 51,1+£3,4
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Apparently from table 1, generally co-encapsulation efficiency increases with the increase of biopoly-
mer concentration. It is interesting that co-encapsulation efficiency of drugs is a bit higher, comparing to the
efficiency of their separate encapsulation [6].

After covering by polyelectrolytes dzeta potential of microcapsules were measured. Microcapsules
possess a positive or negative charge after adsorption of chitosan and eudragit respectively (Table 2).

Table 2
Results of dzeta-potential measurements

Composition of microcapsule 3 % gellan/Pz/Mfx + Chit 3 % gellan/Pz/Mfx + Chit/Eud
Dzeta-potential, mV 19+£2 —16£2

In vitro drug release studies have shown, that in acidic media at pH =1.2 (corresponds to the gastric)
capsules did not dissolve within a day.
At pH =7.4 (corresponds to intestines) microcapsules gradually dissolved (Tables 3 and 4).

Table 3
Drug release from gellan capsules at pH = 7.4, %
.. . . Extent of release, %
Composition of microcapsule Release time, hour Pyrazinamide Moxfloxac
4 34,6 +4,8 34,7+ 4,5
0 > L) E) E)

(uithout multtayers) 8 EXFEE YFSN
Y 12 §1,0+23 842+12

+ +
3 % gellan/Pz/Mfx + 6 25,9£09 27,012
3 bilayers Chit/Eud 12 48,6 1,9 49,5 + 0,6
Y 18 80,5+ 1,3 78339

+ +
3 % gellan/Pz/Mfx + 12 263+1,9 264+75
5 bilayers Chit/Eud 18 45,84 0,7 46,5+ 13
24 75,6 £ 0,5 752+1,9

3 % gellan/Pz/Mfx + ig = -
10 bilayers Chit/Eud 21 (33533 0451S

Table 4
Drug release from alginate capsules at pH=7.4, %
.. . . Extent of release, %
Composition of microcapsule Release time, hour Pyrazinamide Moxfloxacn
. 4 31,8 £3,8 32,9+3,5
0 E) E) E) E)

(uithout ey g 52,1539 1895138
% 12 79.8%3,6 B1,2%2,5

+ +
3 % alginate/Pz/Mfx + 6 289+ 1.8 28,5+25
3 bilayers Chit/Eud 12 47,9+ 2.4 48,9+ 1,0
y 18 80,0£23 79.6 £ 4,1

+ +
3 % alginate/Pz/Mfx + 12 28,3 £3.8 275+43
5 bilayers Chit/Eud 18 46,5+ 0,9 47.8+22
Y 24 76,6+ 1.4 759+ 2,6

3 % alginate/Pz/Mfx + ig : :
10 bilayers Chit/Eud 24 09537 19533

Apparently from the table 3 and 4 the release (%) of pyrazinamide and moxifloxacin from combined
microcapsules without polyelectrolytic multilayers in 4 hours is about 30 % of the active substance, in 8
hours — about 50 %, for 12 hours — about 80 %. Thus, the prolongation made 12 hours.
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In case of the microcapsules covered with 3 polyelectrolytic bilayers more prolonged release was ob-
served: in 6 hours 30 % of the active substance, in 12 hours — 50 %, in 18 hours — 80 % are released. In
this case prolongation made 18 hours, i.e. is 1,5 times longer, than without multilayers.

In case the covering made 5 bilayers the prolongation is higher: in 12 clocks released 30 % of the active
substance, in 18 hours — 50 %, in 24 hours — 80 % are released. In this case prolongation made 24 hours.
Capsules with 10 bilayers of polyelectrolytes began to dissolve after 20 hours, in 24 hours only about 10 %
of the active substance are released.

Conclusions

Thus, co-encapsulation of ATDs pyrazinamide and moxifloxacin by biopolymer and polyelectrolytic
multilayers was carried out for the first time. Safe biodegradable and biocompatible polymers were used for
co-encapsulation.

Co-encapsulation was performed in aqueous solutions at room temperature without using costly orspe-
cial equipment, polyelectrolyte multilayers were coated using LbL-technique.

It is shown that polyelectrolytic co-encapsulation allows to prepare the prolonged form of the combined
ATDs for oral use. It is enough to coat microcapsules with only 5 bilayers of polyelectrolytes for the
achievement of 24 hour prolongation of drugs.
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ITo/M3JIeKTPOIUTTI MYJbTKAOATTAP XIPijIepai :KeTKi3y Kyiieci peTiHae

Makama >xaHa gopi-IOpMEK JKeTKi3y XKyHeci peTiHme eki TyOepKyniesre Kapchl INpernaparThlH IIOJH-
JNIEKTPOJIUTTI MHKPOKAICYylNalapelH amyra apHanael. Ilepopambpai TyOepkynesre Kapchl Ipenaparrap
MHUPa3UHAMH/ XKOHE MOKCH()IIOKCALIMH/II TOJIMAICKTPOIUTTI MyJIbTHKa0aTTapMeH OipiKTipe Karcyaey aiFaur
per OKypriziami. AJpIMEH HOHOTPONTHI Teib Ty3y OAICIMEH mpemaparrap MNONUMEpPIiK MaTpuliara
KancyiieHai. Marpuiia peTiHAe TelulaH J>KOHE HaTpUH ajbIMHATHl OHONoNMMMepiepi mHaiinanaHipl.
IpenapaTrapablH MHKpOKarcyiara eHy taimaitiri Kasakcran PecnyOnmukachinbiH MemiekeTTik dapmako-
nesicelHza kepcerirenaer, YK-cnekrpockonus onicimen anbsIKTangsl. ComaH KeifiH MUKpoKkamncynanap Oeri
Ke3ek KabarrapMmeH aacopbumsutay omicimen (LbL rtexmmkacer — Layer by layer deposition) kaTHOHIBIK
TIOJIMAJIEKTPOIIUT XUTO3aH XKOHE aHHOHIBIK MOIMAIIEKTPOoNUT dyaparutied S100 xanramasl. Opbip KabaTTHIH
3apsiapl  3eTa-NMOTEHIMAIBIH OJIIey apKbIIbl aHBIKTAIABL [lommamexrpomurrepaiy 3, 5 xoHe 10 koc
KabaThIMEH KanTalfaH MHKpOKAICylanap anblHAbl. MUKpOKancynansap KypbUIBIMBI — CKaHHUpIEYIIi
ANEKTPOHIBIK MHKPOCKOIHMS OfICiMeH 3epTTenmi. AcCKa3aH-ilIeK JKONAAPhIHBIH op Typii OeikTepiH
MozenbaeiiTiH pH MarbIHaapbIHa IpenapaTTapAblH 00call WBIFYBI i1 Vitro xaraaiiblHna 3epTTeni. 3eprrey
HOTIKECIH/Ie MUKpOKAICyIanapAblH Y3apThUFaH ocepi 6ap exeni kepcerinai. Koc xkabar canmapsl yinraitran
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CaiibIH NpenapaTTap/blH dCEPiH y3apTy AOPEKeci [e apTajbl. S5 HOIUNIEKTPOIUTTI KOC KabaTIeH KanTaraHaa
24 caraTThIK y3apTyFa KOJDKETKi3yre 00Japl.

Kinm ce30ep: TyOepkynesre Kapcbl INpenapaTTap, MHUKpOKarcyja, OHONOJIMMEpiep, MOIMIIEKTPOIUTTI
MYJIbTHKa0aTTap, 6aKbUIaHATEIH GOCall MIBIFY.

b.X. MycabaeBa, K.b. Myp3arynosa, B.A. U3sympynos, M.E. Kum, P.T. Jluraxymanosa

HOJ’II/K)J’ICKTPOJII/ITHBIC MYJbTHC/JI0OH KAK CUCTEMA NOCTABKH JICKAPCTB

CraThsl IOCBSIIEHA TTOIYYCHUIO MOIMAICKTPOJINTHBIX MHUKPOKAICYJ ABYX HMPOTHBOTYOEPKYIIE3HBIX Ipera-
paToB B KadecTBE HOBOM CHCTEMBI JOCTABKH JEKapCTB. BIiepBEIe IPOBEICHO COBMECTHOE KalCyJIHPOBAHHE
HEepOPAIbHBIX MPOTHBOTYOEPKYJIC3HBIX IPENapaToB NHUPa3sHHAMHUAA M MOKCH(IOKCALMHA IOJIHAIAEKTPO-
JUTHBIMK MyJbTHCIOAMU. CHayana METOZOM HOHOTPOIHOTO Tee00pa3oBaHHs IMPOBOIMIOCH! KAICyIH-
pOBaHHE IIPENapaToOB B HOJIMMEPHYIO MaTpHIly. B KauecTBe MaTpuIlbl HCIIOIb30BaHbI OMOMIOJIMMEDPDI I'eJUIaH U
anbruHaT HaTpus. DPGEeKTUBHOCTh BKIIOYEHUS NPENapaToB B MUKPOKAIICYJbI ONPEASNSIM METoIoM Y-
CIIEKTPOCKOIHN, KaK yKa3aHo B ['ocymapcrBeHHoi hapmokonee Pecrrybmmkn Kasaxcran. ITocie sToro mero-
JIOM TIocIIoiHOI ancopbumu (Texauka LbL — Layer by layer deposition) Ha MUKpOKaICyJIbI TOCIET0BATETb-
HO HAHOCWJINCH KaTHOHHBIH ITOJIMAIEKTPOJIUT XUTO3aH M aHHOHHBIM IoiuaeKTposut syaparut S100. 3apsn
Ka)XJIOTO CJIOS OIIPE/eISUTN M3MEpeHNeM J3eTa-noTeHnuana. [lomyaensr Mukpokancyis! ¢ 3, S.u 10 6ucnos-
MM MOJUNIEKTPOINTOB. CTPYKTYpY MHKPOKAIICY] M3Yy4ald METOIOM CKaHUPYIOLIEH 31eKTpOHHOH MHKpO-
ckonuu. M3yueHO BhICBOOOXKAEHUE NpENapaToB in vitro NpH 3Ha4YeHMsX pH, Monenmpylommx pasianuHble
YYaCTKH JKeJyl0YHO-KHIIIEYHOTO TPaKkTa. B pesyinbTrare nccnenoBaHus MOKA3aHO, YTO-MUKPOKAICYJIbl 001a-
JAI0T MPOJIOHTUPOBAHHBIM JielicTBHeM. C yBeIMYEHHEM Yucia OUCIIOEB MOBBIIAETCS CTEHEHb MIPOJIOHTAlUK
npenapaToB. [loka3aHo, YTO IPU HAHECEHUH 5 TOJIMIIEKTPOIUTHEIX OMCIOEB MOXKHO NOOHUThCs 24-4acoBOH
TIPOJIOHTalIUH.

Kniouesvie crosa: mpoTHBOTYOEpKYIIC3HBIE IIpETIapaThl, MUKPOKAICyJIa, OHOMOIMMEPHI, MOINAIIEKTPOIUTHEIC
MYJIBTHCIION, KOHTPOJIHPYEMOE BEICBOOOXKIECHHE.
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