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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.
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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 JISM-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 mulitayers) 8 48545 94211
Y 12 81,2+23 842+12

+ +
3 % gellan/Pz/Mfx + 6 25,9£0,9 27,0£1,2
3 bilayers Chit/Eud 12 48,64 1,9 49,5 + 0,6
Y 18 80,5+ 1,3 783%3,9

+ +
3 % gellan/Pz/Mfx + 12 263+1,9 264+75
5 bilayers Chit/Eud 18 45,8 +£0,7 46,5+1,3
24 75,6 £ 0,5 752+1,9

3 % gellan/Pz/Mfx + ig = -
10 bilayers Chit/Eud 24 (33533 0451S

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

(without multlayers) 8 20539 9213
Y 12 79.8%3,6 B1,2%2,5

+ +
3 % alginate/Pz/Mfx + 6 289+ 1.8 28,5+25
3 bilayers Chit/Eud 12 479 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 or spe-
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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IMoM3JIeKTPOIUTTI MYJbTKAOATTAP XIPijIepai :KeTKi3y Kyiieci peTinae

Makana »xaHa gOpi-IOpMEK JKeTKi3y XKyHeci peTiHme eki TyOepKymesre Kapchl INpenaparThlH IIOJH-
QNICKTPONUTTI MHKPOKAICYyJIalapblH allyFa apHauusl. Ilepopaibai TyOepKynesre Kapchl Ipermapartap
MHUPa3UHAMH/ XKOHE MOKCH()IOKCALIMH/II TOIMAICKTPOIUTTI MyJIbTHKa0aTTapMeH OipiKTipe Karcyaey ajiFaur
per OKypri3iami. AJOpIMEH HOHOTPONTHI Teib Ty3y OAICIMEH mpemaparrtap MNOJIUMEPIiK MaTpullara
KancyjieHai. Marpuna peTiHAe TeiulaH J>KOHE HaTpUH albIMHAThl OHONONIMMeEpiepi HaiiianaHmpl.
[Tpenapatrapasly MHUKpoKarncynara ey Thimainiri Kasakcran PecnyOmukacbiHbiH MemiiekeTTik papmako-
nesicelHzia Kepcerirenaer, YK-cnekrpockonus onicimen anbsIKTangsl. ComaH KeifiH MUKpoKarcynanap Oeri
Ke3ek KabarrapMmeH axcopbumsutay omicimen (LbL Texmmkacer — Layer by layer deposition) kaTHOHIBIK
MOJIUAJICKTPOJIUT XUTO3aH JKOHE aHUOHIBIK MOJIMANIEKTPOIUT dyaparutieH S100 kanrangsl. Op6ip KabaTThiH
3apsiibl J3€Ta-MOTCHIMANBIH OJIIICY apKbUIbl aHBIKTAIbL Ilonuanekrpoiutrepain 3, 5 sxoHe 10 Koc
Ka0aThIMEH KanTalfaH MHKPOKAICylalap anblHAbl. MUKpOKancyjganap KypbUIBIMBI — CKaHHUpJEYIi
JNEKTPOHIBIK MHKPOCKOIHMS OMICiMEH 3epTTeimi. AcCKa3aH-ilIeK JKONAApbIHBIH op Typii OeuikTepin
MozenbaeiiTiH pH MarblHanapbIHa IpenapaTTapAbly 00call WBIFYBI i1 Vitro XaraaiiblHaa 3epTrenmi. 3eprrey
HOTIDKECIHIIE MUKpOKAICyalapAblH Y3apThUFaH acepi 6ap exeni kepcerinai. Koc xabar canmapsl yinraiiran
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CaiibIH MpenapaTTap/blH dCEPiH y3apTy AOPEKeci [e apTajbl. S5 HONUNIEKTPOIUTTI KOC KabaTIeH KanTaraHaa
24 caraTThIK y3apTyFa KOJDKETKi3yre 0oJapl.

Kinm ce30ep: TyOepkyiesre Kapchl IpenaparTap, MHUKPOKaICyna, OHOMOJMMepiiep, MOIUICKTPOIUTTI
MyJIbTHKa0aTTap, 6aKbUIaHATEIH OOCall MIBIFY.

b.X. MycabaeBa, K.b. Myp3arynosa, B.A. Usympynos, M.E. Kum, P.T. JIlurxymanoBa

HOJIHZ)JICKTPOJIHTHI)IC MYJbTHC/JI0OH KAK CUCTEMA NOCTABKH JICKAPCTB

CraTbs TOCBSIICHA TOJYYCHUIO TOJUIICKTPOIUTHBIX MHKPOKAICYJ ABYX HPOTHBOTYOEPKYJIE3HBIX IMpera-
paToB B KauecTBE HOBOW CHUCTEMBI JOCTAaBKHU JICKapCTB. BriepBhiec MPOBEACHO COBMECTHOE KAaICYIHPOBAHHE
MEPOPATBHBIX MPOTUBOTYOCPKYJIC3HBIX IPENapaToB MUpa3MHAMUIA M MOKCHU(JIOKCALMHA TOJHIJICKTPO-
JIUTHBIMK MYJIbTUCIOSIMU. CHayaja METOJOM HOHOTPOITHOTO TeneoOpa3oBaHMs IPOBOAMIOCH KarlCyJIH-
pOBaHKE NPENapaToB B MOJIMMEPHYIO MaTpUIly. B KauecTBe MaTpHIbl UCIIOIB30BAHbI OMOIOJIMMEDPHI TeJJIaH U
anpruHaT Hatpust. DPEeKTUBHOCTh BKIIOYEHHS MPEHapaToB B MHUKPOKAIICYJIB ONpPEAessiin MeTogoM Y-
CHEKTPOCKOITUH, KaK yka3zaHo B ['ocymapcreenHoii papmoxoriee Pecriyomuku Kazaxcran. [Tocne atoro meto-
JIOM TocIIoiHOI ancopbrmu (Texnuka LbL — Layer by layer deposition) Ha MUKpOKaIICyJIbI TOCIIEI0BATEb-
HO HAaHOCWJIMCh KaTHOHHBIN MOJHUAIEKTPOIIUT XUTO3aH U aHUOHHBIM NoauaaekTpouT syaparut S100. 3apsg
KaXJIOTO CIIOS ONPEACISIN U3MEPCHUEM JI3eTa-NoTeHIrana. [lorydeHsl MUKpoKancydibl ¢ 3, 5 u 10 Oucnos-
MH HOJIUIIEKTPOIUTOB. CTPYKTYpYy MHUKPOKAINCYJ HU3ydaad METOAOM CKaHHPYIOIIEH 3JIEKTPOHHOW MHUKpPO-
ckonuu. M3ydeHo BBICBOOOXKICHHE MPENaparoB in Vitro MpU 3HAYCHUSAX pH, MOACTMPYIOMIUX pa3IvyHbIC
YYaCTKH JKEIYJOYHO-KUIIEYHOTO TpakTa. B pe3ynbTare MccieaoBaHus MOKa3aHo, YTO MHKPOKAICYJIbI 00Ja-
JTAIOT IPOJIOHTUPOBAHHBIM AelicTBueM. C yBelnueHHeM 4uciaa OUCIIOeB MOBBIIIACTCA CTEICHb NIPOJIOHTaluU
npenapaToB. [loka3aHo, 4TO MPU HAHECEHHH 5 TOJMAICKTPOIUTHBIX OUCIOCB MOXHO TOOUTHCS 24-4acoBOU
TIPOJIOHT AN Y.

Kniouesvie crosa: mpoTHBOTYOEPKYIIE3HBIE IIpETIapaThl, MUKPOKAIICYJIA, OHOIIOIMMEPEI, MOINAIICKTPOJIUTHEIC
MYJBTHCIION, KOHTPOJIHPYEMOE BEICBOOOXKIECHHE.
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