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Correction of Bifidobacterium spp. and Lactobacillus spp. Populations
in Mice with Experimental Intestinal Dysbiosis after Therapy with
Enterosorbent-Immobilized Probiotics Stored at —80 and -196°C

Pedepar: B paboTte 6biNn0 M3y4eHO BOCCTAHOBMNEHUE B MYLMHE MbIWEN C 3KCNEPUMEHTanbHbIM AUCOMO30M KULIEYHMKA
nonynsiumii ueHobuoHToB Bifidobacterium spp. v Lactobacillus spp. nocne Tepanun cBo60AHBIMU U UMMOBMMIN30BAHHLIMU Ha
3HTEpocopbeHTax NpobuoTnkamm, XpaHUBLUMMUCS B TedeHue roga npu temnepatype —80, —196°C. JkcnepumeHTanbHbIi AMc6uos
KMLLEYHUKA BbI3blBaNv nepopanbHbiM BBEAEHMEM aMnuuuniMHa u metpoHuaasona. MNocne nHaykumm ancbuosa mblam NpoBoannv
Tepanuto cBoboAHbIMK KneTkamu npobuoTukos S. boulardii, B. bifidum, L.bulgaricus, cmecsiMu cBOGOAHbIX KIETOK C 3HTEpO-
copb6eHTaMu 1 KOMMIekcaMu KneTok NpobuoTHMKOB, UMMOGMNN30BaHHbIX Ha 3HTepocopbeHTax. VMicnonb3oBanu 3HTepocopbeHThI
Ha OCHOBe akTuBMpoBaHHoro yrms «Copbekc» u «CYMC-1». YcTaHOBNEHO, YTO MMMOGWM30BaHHbIE NPOBMOTHKN obecneynBatoT
6onee GbICTPOE M MOMHOE BOCCTaHOBMEHME NOnynsumii LeHobrnoHToB. Hu3koTemnepaTypHoe XxpaHeHue B TeveHue roga (Cpok Ha-
6niofeHnsa) U TemnepaTypHbI PEXUM XpaHEHWst He BIMSIIOT Ha TepaneBTUYecKkne CBOWCTBA CBOOOAHBLIX U MMMOGUNM3OBAHHbIX
knetTok npobuoTtukoB. ObBCyxaarTCs MexaHU3Mbl AeACTBUS UMMOBUNN30BaHHbLIX NPOBUOTUKOB.

KnioueBble cnoBa: HU3KoTeMnepaTypHOe XpaHeHue, MMMOBUNM3oBaHHbIe NPOBUOTUKM, SHTEpOCOPOEHThLI, ANCOMO3 KULLEYHUKA,
LeHOBMOHTbI, COPOEHTHI, MbILLIN.

Pecbepar: Y poboTi 6yno BUBYEHO BiAHOBMEHHS B MYLMHI MULLEN i3 eKcnepuMeHTarnbHUM AncGio30M KMLLeYHWKa nonynsiuin ue-
HobioHTiB Bifidobacterium spp. i Lactobacillus spp. nicns Tepanii BinbHMMU Ta iMMOGinisoBaHMMU Ha eHTepocopbeHTax nNpobioTu-
Kamu, siki 36epiranu npoTaromM poky 3a Temnepatypu —80, —196°C. EkcnepumeHTanbHUi Ancbios kuevHuka opmyBanv nepopanbHUM
BBEAEHHAM amniuuniHy Ta MeTpoHigasony. MNicns iHAYKUil AMc6io3y MuUwaM NpoBoAMNK Tepanito BiNbHUMK KMiTUHAMKU Npob6ioTukiB
S. boulardii, B. bifidum, L.bulgaricus, cymiluammn BinbHUX KNiTWUH i3 eHTepocopbeHTaMn Ta KoMMnekcaMmu KniTuH npobioTukis, iMMo-
GinizoBaHNx Ha eHTepocopbeHTax. BukopuctoByBanu eHTEpOCOPOEHTU Ha OCHOBI akTuBoBaHoOro Byrinns «Copbeke» i «CYMC-1».
BcTaHoBneHo, o iMmo6inizoBaHi NpobioTukM 3abe3nevyioTb WBUALLE | NOBHilLe BiAHOBMEHHS nonynsuii LeHobioHTiB. Hu3bkoTem-
nepatypHe 36epiraHHsi NPOTAroM POKy (TEPMiH CMOCTEPEXEHHS) Ta TeMnepaTypHUii pexum 36epiraHHs He BNNMBaKTb Ha Tepanes-
TUYHI BNacTMBOCTI BiNbHMX Ta iMMOGIini3oBaHuX KniTUH nNpobioTukie. OGroBopOOTLCS MexaHi3mMu Aii iMMo6inizoBaHnx NpobioTuUKIB.

KnrouoBi cnoBa: Hu3bkoTemnepatypHe 36epiraHHsi, iMmobinizoBaHi npobioTukKn, eHTepocobeHTU, Anc6io3 KMLeYHKKa, LLEHOBIOHTH,
COpGEHTU, MULLI.

Abstract: The research revealed the recovery of the Bifidobacterium spp. and Lactobacillus spp. cenobiont populations in
mucin of mice with experimental intestinal dysbiosis after treatment with free and immobilized on enterosorbents probiotics, stored for
a year at a temperature of —-80, —196°C. Experimental intestinal dysbiosis was simulated by Ampicillin and Metronidazole oral
administration. Mice with induced dysbiosis were treated with free cells of S. boulardii, B. bifidum, L. bulgaricus probiotics, the
mixtures of free cells with enterosorbents as well as the complexes of probiotic cells immobilized on enterosorbents. The enterosorbents
based on activated carbon Sorbex and SCMS-1 were used. Immobilized probiotics have been found to provide a more rapid and
complete recovery of cenobiont populations. Low-temperature storage for a year (observation period) and temperature storage
regimen did not affect the therapeutic properties of free and immobilized cells of probiotics. The mechanisms of action of immobilized
probiotics are under discussion.

Key words: low-temperature storage, immobilized probiotics, intestinal dysbiosis, cenobionts, sorbents, mice.
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B HacTosimiee Bpemsi cpeiu pasiMYHBIX TPYIIT
HAaCEJICHHS IIMPOKO PacIpOCTpaHeH AUCON03 — KIIH-
HUKO-1a00paTOPHBINA CUHAPOM, XapaKTEPU3YOIIHNACS
M3MEHEHHEM Ka4eCTBEHHOTO U/ KOJIMYECTBEHHOTO
cocTaBa HOPMAJIBHON MUKPOQIOPHI KUIIEYHIKA, M-
Ta0OIMYECKUMU 1 UMYHHBIMH HapytreHusimu [10, 21].
Jlist Tepanviu v MpOoQMIIAKTUKY TUCOM03a KUIIICUHNKA,
a B psAZIE CITyYaeB M KUIIEYHBIX HHOEKIHH, IPUMEHSIOT
MIpOOHOTHIECKHE TIpenapaTsl: MPOOUOTHKH, TTPeOHO-
THUKH, CHHOMOTHKH, MeTabmoTHku [4, 11,23, 32]. I1po-
OMOTHUKHU — JKUBBIE MUKPOOPTaHU3MbI, OKa3bIBAIOIIINE
IIPH €CTECTBEHHOM CIIOCO0E BBEJICHUS MOJIOXKUTEb-
HOC BITUSTHUE HA (PU3NOJIOTUICCKUE, OMOXUMUYCCKUC
Y IMYHHBIE PEaKIH OpraHu3Ma X0351Ha 3a CUET CTa-
OWM3AIMY M ONITUMU3AITUH (DYHKITHH MUKPOOUOIICHO3a
kumeynuka [10, 21, 23, 27]. B mupe npousBoasT
0O0JIBIIIOE KOTMYECTBO MIPETapaToB IPOOHMOTHKOB, KITH-
HAYeCcKast 3P PEKTUBHOCTH KOTOPBIX JOKa3aHa B MYJIb-
THUIEHTPOBBIX PAaHAOMU3HPOBAHHBIX UCCIIEOBAHMIX
IBOHHBIM ciienbiM MetomoM [1, 10, 27, 32]. OmHako
[0 psALy MOKaszareliel CyIIeCTBYIONINE IMpenaparsl
HEZ0CTaTOYHO YIOBIETBOPSIOT KIIMHIYECKAM TpeOoBa-
HUSIM, B CBSI3U C 3TUM HEOOXOIUMO CO3JJaHHE UX HOBBIX
JEKapCTBEHHBIX (DOPM, B YACTHOCTU MPOOHOTHKOB,
MMMOOWIIM30BaHHBIX B HOCUTEIISX HA OCHOBE MOJTUCA-
XapHIHBIX ruaporeneii [24, 28] 1 Ha sHTepocopOeHTax
[6]. CoBpemeHHBIE (apMaleBTHUECKUE MpemapaThl
MMMOOMIIM30BaHHBIX Ha COPOCHTaxX MPOOHMOTHUKOB
(«baktucratuny; «Kpadt; «buduaymodakTepun dop-
Te»; «Iromomucy; «IIpodudopy; «IlapTHep»; «IK0-
hmop»; «Bexrop-buansramy», Poccust) mpou3BoaiIT u
XpaHsIT B o drmnsunpoBanHoM Buze [S]. Mccnenona-
HUS TI0 CO3/TAHMIO JKUAKHUX (POPM HMMOOMITN30BaHHBIX
Ha COpOCHTAX MPOOUOTHUKOB M X XPAHESHHIO CAMHUYHBI
[19].

Hamu ObLTH 10Ty deHbI 3KCIIEPUMEHTAIBHEIC TIPe-
naparsl MPOOMOTUKOB, UMMOOUIU30BAHHBIX Ha
suTepocopbenTax «CYMC-1» u «Copbeke» [8]. bruio
[MOKa3aHO, YTO MMMOOMITU3AIUs HA YHTEPOCOpOCHTAaxX
u Xpa"eHnue npu temmeparypax —80 u —196°C ne
M3MEHSIOT UCXOAHBIE OMOIOTHYEeCKHE CBOWCTBA IIPO-
OMOTHKOB, a CaMH TIpemnaparbl 00eCIeYnBaroT Ooee
OBICTPOE BOCCTAHOBJICHHE MUKPOOHOTICHO3A 1 2paTH-
KAaIIAI0 KUIIIEYHOW MUKPOQIIOPHI, KOTOpas ObLTa TpaHc-
JIONMPOBaHa BO BHYTPEHHHUE OPTaHbI IPU KOPPEKIIUN
AKCIIEPUMEHTAIBHOTO AUCON03a Y HMMYHOCYTIPECCH-
POBaHHBIX MBIIICH MO CPABHEHUIO CO CBOOOHBIMU
KIJIETKAMHU M CMECSIMH CBOOOHBIX KJICTOK M SHTEPO-
copOeHTOB [2, 3]. KoMITIeKCHBIE UCCIIEIOBAHMS BITUS-
HUSI IMMOOWTU30BAaHHBIX HA PHTEPOCOPOEHTAX MpOo-
OMOTHKOB, XpAaHUBIIMXCS TPU PA3IUYHBIX TEMIIEpa-
Typax, Ha BOCCTAHOBJICHHE OIS [IEHOOMOHTOB
W MYLUWH CIU3UCTON TOJCTOW KHUIIKW KUBOTHBIX C
XUMHOTEPAITEBTHICCKIM TUCOM030M O€3 UMMYHOCYTI-
peccun He TTPOBOINIIH.
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Various groups of human population suffer from
dysbiosis, a clinical and laboratory syndrome charac-
terized by a changed qualitative and/or quantitative
composition of the normal intestinal flora, metabolic
and immune disorders [14, 17]. To treat and prevent
an intestinal dysbiosis and even intestinal infections one
uses probiotic preparations: probiotics, prebiotics, syn-
biotics, metabiotics [4, 6, 8, 31]. Probiotics are live
microorganisms positively affecting physiological,
biochemical and immune responses of a host body
after natural intake due to stabilizing and optimizing
the functions of the gut microbiota [6, 13, 14, 17]. There
are large amounts of probiotic products produced
worldwide possessing the clinical efficacy proved in
the randomized multicenter double-blind studies [1, 13,
14, 31]. However, the existing products do not properly
meet some clinical requirements and in this connection
there is a need in developing medications of new types,
in particular, probiotics, immobilized in polysaccharide
hydrogel carriers [7, 16] and on enterosorbents [28].
Modern pharmaceutical products being the probioticts
immobilized on sorbents (Baktistatin; Kraft, Bifidum-
bacterin forte, Ecopolis, Probifor, Partner, Ecoflor,
Vector-Bialgam, Russia) are produced by freeze-drying
and stored in a dry form [5]. The studies on creating
the liquid forms of probiotic immobilized on sorbents
and their storage are single [25].

We have obtained the experimental products of
probiotics immobilized on enterosorbents SCMS-1
(Spherical Carbon-Mineral Sorbents) and Sorbex [30].
It has been shown that immobilization on enterosor-
bents and storage at —80 and —196°C did not alter the
initial biological properties of probiotics and, during the
correction of the experimental dysbiosis in immune
suppressed mice, the products provided faster recovery
of microbiota and eradication of intestinal microflora
translocated to internal organs if compared with treat-
ment with free cells and the mixtures of free cells and
enterosorbents [2, 3]. To the date there are no compre-
hensive studies of the effect of immobilized on entero-
sorbents probiotics stored at different temperatures
rendered on the recovery of populations of cenobionts
and colonic mucosa mucin of the animals with chemo-
therapeutic dysbiosis without immune suppression.

There are no quantitative criteria of in vivo specific
activity of probiotics. Assessing of the overall thera-
peutic effect of the products allowed to establish its
dependence on the concentration and biological
properties of microbial cells that have passed through
the natural barrier of gastrointestinal tract (GIT), as
well as on the ability of cells to colonization or persis-
tence (for microorganisms, not referred to GIT micro-
biocenosis) [5, 14, 28]. Colonization of intestinal
mucosa is known to depend on adhesion properties of
microorganisms [8, 14, 15]. Adhesion of the carrier-
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KonnyecTBeHHble KpuTepuu crnenuduueckoi
AKTUBHOCTU MPOOMOTHUKOB in Vivo Ha CErOJHS
OTCYTCTBYIOT. IIpu oLieHKe CyMMapHOTO TepaneBTH-
geckoro 3¢ ¢eKTa npernaparoB yCTaHOBIEHA €ro 3a-
BUCHMOCTHh OT KOHLEHTPAIIUU U OMOIOTHIECKUX
CBOMCTB MUKPOOHBIX KJIETOK, MPOIIEANINX Yepe3
€CTECTBEHHBIE 3aUIUTHBIE Oapbephl JKEITYJOUHO-
kumevynoro tpakta (JKKT), cmocoGHOCTH KIeTOK K
KOJIOHH3AITNH MITH TIEPCUCTUPOBAHUIO (111 MUKPOOPTa-
HU3MOB, HE OTHOCSIINXCS K MUKpoOnoriernosy KKT)
[5, 6, 10]. 3BecTHO, YTO KOJOHU3AIUS CIU3UCTON
KUILIEYHUKA BO MHOTOM 3aBHCUT OT aATC3UBHBIX
cBoiicTB Mukpooprauusmos [10, 11, 22]. Aare3uto
KOMILUIEKCOB «HOCUTEIb-KICTKI» K MYLUHY KHUIIEU-
HUKa paHee He u3ydyanu. Ha oCHOBaHUU BBINIEU3IIO-
KEHHOTO LIeNbI0 paboThl OBIJIO UCCIIEIOBATh BOCCTA-
HOBJICHHE B MyIIMHE >KUBOTHBIX C 3KCIICPUMEHTATHLHBIM
IUCcOMO030M KHIIICUYHHWKA TOMYISIITANA 1TeHOOMOHTOB
Bifidobacterium spp. u Lactobacillus spp. mocne
Tepanuy CBOOOJHBIMH M UMMOOWMIIM30BaHHBIMHU Ha
9HTEpOCOpPOEHTaX MPOOUOTHKAMH, XPAaHUBIIINMHUCS B
TeueHue roaa npu temmeparype —80 u —196°C.

Matepuajbl M1 MEeTOAbI

OObekTaMu Hcciael0BaHus ObUIH IPOXOKH Sac-
charomyces cerevisiae, Saccharomyces boulardii,
Oakrepun Bifidobacterium bifidum, mramm JIBA-3
(B. bifidum), Lactobacillus delbrueckii subspecies
bulgaricus (L. bulgaricus). dpoxxu S. boulardii
BBIJICIICHBI H3 KOMMEPUYECKOTO Ipernapara « JHTEPOID)
(«Biocodex», ®pannus). bakrepuu B. bifidum nomy-
4yeHsl 13 Beepoccuiickoi KOJIEKIMY IPOMBIIIIEHHBIX
mukpooprannsmoB ['ocHMU renetunku (Poccus),
Oakrepun L. bulgaricus — n3 xomnekuun Cankr-Ile-
TepOyprckoro ¢punnana ®I'BHY «HUU xiebonekap-
HO¥ mpoMebIeHHOCTH» (Poccus).

Jist IMMOOHMITM3AIIMH UCTIONIB30BAJIN SHTEPOCOP-
6entel «CYMC-1» (OAO «HoBocubxumbapm»,
Poccust) u «Copbexe» (AO «Dxocopby, YkpanHa). DH-
tepocopoerT «CYMC-1» npencraBiser coboii Tpa-
HYJIBI OKHCH aJIOMUHHS, MOKPBITHIE YTIEPOTHON
mieHko#, «CopOeKc» — rpaHyibl aKTHBHPOBAHHOTO
yrost. IMMoOumu3anuo MUKPOOHBIX KJIETOK ITPOBO-
JIAJTM KaK OMHICaHo paHee [8].

CB0OOTHBIE 1 UMMOOUITN30BaHHBIC HA SHTEPOCOP-
OeHTax MUKpOOHBIE KJIETKU 3aMOPaKUBaIU B 5%-M
pactBope caxaposbl. CycrieH3un cBOOOIHBIX KIETOK
1 B3BECH KOMIUIEKCOB «HOCHTEJIb-KIICTKI» TTOMELIaH
B kpronpooupku «Corning» («Corning Inc.», CIIA) ¢
pabouum o6vemom 1,8 mi. YacTs 00pa3noB oxiax-
Jlayd B MPOrpaMMHOM 3amopaxkuBatesie «Cryosony
(I'epmanmst) o —40°C co ckopocThio 1 rpaa/muH, 3a-
TEM [TOTPYKaJTH B KHUIKUH a30T. DTH yCIOBHUS KPHOKOH-
CepBHUPOBaHUS 00ECTIEYNBAIIN BEICOKYIO COXPaHHOCTh
KOMIUTIEKCOB «HOCHTEb-KIETKI» [2]. BTOopyro 9acTh
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cells complexes to intestinal mucin has not been
previously investigated. Based on the above, the
research aim was to investigate the recovery of the
Bifidobacterium spp. and Lactobacillus spp. ceno-
biont populations in mucin of experimental animals with
an intestinal dysbiosis after treatment with free and
enterosorbents-immobilized probiotics, stored for a year
at —80 and —196°C.

Materials and methods

The research objects were Saccharomyces cere-
visiae, Saccharomyces boulardii, bacteria Bifido-
bacterium bifidum, LVA-3 strain (B. bifidum),
Lactobacillus delbrueckii subspecies bulgaricus (L.
bulgaricus). S. boulardii yeasts were isolated from
Enterol commercial drug (Biocodex, France). B. bifi-
dum bacteria were obtained from the All-Russian Col-
lection of Industrial Microorganisms of Research
Institute for Genetics (Russian Federation), L. bulga-
ricus bacteria were from the collection of Saint-
Petersburg Branch of the Research Institute of the
Bakery Industry (Russia).

For immobilization we used SCMS-1 (Novosibkhim-
farm, Russia) and Sorbex (Ecosorb, Ukraine)
enterosorbents. SCMS-1 enterosorbent represents the
aluminum oxide granules coated with a carbon film,
Sorbex consists of activated carbon granules. Microbial
cells were immobilized as described previously [30].

Free and immobilized on enterosorbents microbial
cells were frozen in 5% sucrose solution. Suspensions
of free cells and the carrier-cells complexes were pla-
ced into Corning cryovials (Corning Incorporated, USA)
with 1.8 ml handling volume. The part of the samples
was cooled in a programmable freezer Cryoson (Ger-
many) down to —40°C with the rate of 1 deg/min, follo-
wed by the immersion into liquid nitrogen. These cryo-
preservation conditions ensured a high preservation rate
of the carrier-cells complexes [2]. The second part of
the samples was placed into low-temperature chamber
Jouan VX380 (France) with temperature of (—80 +
4)°C. The samples were stored for a year at —196 and
(-80+£4)°C, and were thawed in a water bath at 30°C.

The experiments were carried out in accordance
with the General Principles of Experiments in Animals
approved by the 5% National Congress in Bioethics
(Kiev, 2013) and consistent with the statements of the
European Convention for the Protection of Vertebrate
Animals Used for Experimental and Other Scientific
Purposes (Strasbourg, 1986).

Experimental dysbiosis was simulated in white 7—
8-month-old outbred laboratory mice of 1820 g weight.
Dysbiosis in animals was initiated by oral adminis-
tration for 3 days of Ampicillin (Kyivmedpreparat,
Ukraine) and Metronidazole (Unique Pharmaceutical
Laboratories, India) [9] dissolved in a distilled water
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00pas3I0B MOMEIIaN! Ha MTOJIKHA HU3KOTEMIIEpaTypHOI
kamepsl «Jouan VX380» (Dpanuus) ¢ TemnepaTypon
(80 + 4)°C. O6pa3upl XpaHWIU B TEUECHUE oA IIPH
temneparype —196 u (—80 £ 4)°C, ororpeBayiz Ha BO-
nstHoM 6ane ipu 30°C.

OKCHEepUMEHTHI IPOBOJMIM B COOTBETCTBUH C
«O0IMMH TPUHIMUIIAMHI SKCIEPUMEHTOB Ha KHUBOT-
HBIX», 000peHHbIMU V HallmoHambHBIM KOHTPECCOM
o 6uoatuke (Kues, 2013) u cornmacoBaHHBIME C TIOJIO-
skeHuAMHU «EBponeickoil KOHBEHIIUU O 3alllUTE O3B0~
HOYHBIX JKUBOTHBIX, MCIIOIb3YyEMbIX ISl dKCIIEPH-
MEHTAJIBHBIX U IPYTUX HaydHBIX 1enein» (CtpacOypr,
1986).

OKcIepUMEeHTaIBHBIHN 11CO103 BOCIIPOU3BOININ Y
0embIx 7—8-MecsUHBIX OECTIOPOAHBIX JIAO0PATOPHBIX
MbIeit maccoit 1820 r. [l popmupoBanus nucoro-
3a KUBOTHBIM BBOJIWJIM NEPOPAIBHO B T€UEHUE 3-X
cyTok «Ammunmue» (OAO «KuiBmennpenapary, Yk-
pauna) u «Metponugazom» («Unique Pharmaceutical
Laboratories», Muaus) [12] COOTBETCTBEHHO B 5 11 2 MT
YHCTOTO BEIIECTBA, PACTBOPEHHOTO B AMCTHIUTHPOBAH-
HOH BoJie. bbliy NpoBEeIEHBI TPU CEPUH IKCIIEPUMEH-
TOB, B KOTOPBIX >KHBOTHBIM BBOJIFITH SHTEPOCOPOCHTEHI
U mpemnapatbl kKietok B.bifidum (1-a cepus), L. bul-
garicus (2-s1 cepus), S.boulardii (3-s cepust). Omnuca-
HHE TPy )KUBOTHBIX pHBeAeHO B Tabi. 1-5. Kaxnas
KOHTPOJIbHAS M OTIBITHASI TPYIIIBI BKII0Yaia 1o 10 xu-
BOTHBIX. [ pynmsl opMHUPOBaIH U3 )KUBOTHBIX OHOM
MapTUH METOJIOM CITy4aifHOH BEIOOPKU. MUKPOOHOIIO-
FMYECKHUH CTAaTyC BCEX MBIIICH A0 SKCIEPUMEHTOB
OmpeneNsicsd Kak yJly4YlIeHHO-KOHBEHIHAIbHBIN
(Il xareropust). OcHOBY palMOHa COCTaBIIsIa KOPMO-
Bas cmech. Conepkanue, MMTaHUE U YXO[ 32 KUBOT-
HBIMH COOTBETCTBOBAIIN CIIEIIHATBHBIM TPEOOBaHUSIM
IPY CXOJHBIX YCJIOBUSX (TeMIieparypa, BIaXHOCTb,
OcCBelIeHue, paruoH nuranus) [13]. 3a00i KUBOTHBIX
TIPOBOJIMJIH C TIpEMETUKAIHEH S3(DUPOM IS HApKO3a.

Uepes 48 1 mocnie moCaeAHETO BBEACHUS XUMHUO-
npemnaparoB (1-e CyTKu HaOMIOeHNST) MBIIIIAM TaKKe
MEPOPABHO (C MOMOIIBIO 30H/a) BBOJMIIN B TEUECHHUE
12 cyTok (pa3 B CyTKH) mpenaparsl IpOOHOTHKOB U
SHTEPOCOPOCHTOB (CBOOOAHBIE KIETKH, CMECH CBO-
OOIHBIX KJIETOK C SHTEPOCOPOEHTaMU, UIMMOOHIIN30-
BaHHbIE MPOOHOTHKH). CyTOUHBIE 1036l TPOOHMOTHKOB
U 3HTEPOCOPOEHTOB PACCUUTHIBAIIN 110 Macce KUBOT-
HBIX B COOTBETCTBUH C MHCTPYKIIUSMH O UCIIONIB30-
BaHUIO MpernapaToB. [t cBOGOIHBIX KIETOK S. bou-
lardii onm cocrapmsumn 1,6%10%, B.bifidum — 2,5%10°,
L.bulgaricus — 2,5%10° KOE. CyTtounas no3a
«CYMC-1» coorBerctBoBana 0,02 r, «Copbekcy» —
0,01 r. C yueTom yCcTaHOBIIEHHOW paHee COXPaHHOCTH
KOMIIJIEKCOB MMMOOUIIM30BAHHBIX KJIETOK IMOCIE
HU3KOTEMIIEPaTypHOTO XPaHEHHsI X 03Bl yBEIUYH-
Baly B 2 pasa.

Ha 5-, 12-e cytku tepanuu nucbuosa (5-, 12-e
CyTKH HabmioneHus) u uepe3 5, 10 cyTok mocmie mo-
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by 5 and 2 mg of pure substance, respectively. There
have been performed three series of experiments in
which the animals were administered with the entero-
sorbents and preparations of B. bifidum cells (1% series),
L. bulgaricus (2™ series), S. boulardii (3™ series).
The groups of animals are specified in Tables 1-4.
Each of control and experimental groups consisted of
10 animals. Groups were formed from the same batch
of animals randomly. The microbiological status of all
mice before experiments was defined as improved-
conventional (category 2). The diet basis was a stan-
dard feed mixture. Maintaining, nutrition and care of
the animals were in accordance to the special require-
ments and under the similar conditions (temperature,
humidity, light, diet) [32]. The animals were ether pre-
medicated for anesthesia when perished.

In 48 hrs after the last administration of medications
(observation day 1) the mice were also orally (with
enteral feeding tube) administered within 12 days (once
a day) the preparations of probiotics and enterosorbents
(free cells, a mixture of free cells with enterosorbents,
and immobilized probiotics). Daily doses of probiotics
and enterosorbents were calculated by weight of the
animals in accordance with the application instructions
of the products. For free S. boulardii cells they were
1.6x10%, for B. bifidum the number was 2.5%10° and
2.5x10° CFU for L. bulgaricus. The daily dose of
SCMS-1 was 0.02 g, and 0.01 for Sorbex. Taking into
account the established previously survival of the
complexes of immobilized cells after low temperature
storage their therapeutic doses were twice increased.

To days 5, 12 of a dysbiosis therapy (observation
days 5, 12), and in 5, 10 days after the last treatment
with probiotics (observation days 17, 22) the colon
mucin samples were collected for microscopic and
microbiological examinations [6, 11]. To do this, diffe-
rent parts of the colon were dissected in two adjacent
fragments of 5 ¢cm length. Chyme was removed by
washing the intestine fragments with 4°C Ringer’s
solution (pH 7.0—7.4), then the fragments were twisted
by plastic rods with mucosa outside, then placed into
the vessels with chilled Ringer’s solution (5 ml) and
shaken for 10 min, afterwards the removed with a
spatula mucin was placed into the solution.

The content in mucin of Bifidobacterium and
Lactobacillus bacteria was examined according to
the guidelines [24], the content of the S. boulardii cells
was found with Koch plate techniques [20]. For this
aim the mucin serial dilutions were plated on Sabouraud
agar medium supplemented with Chloramphenicol
(0.05 g/1) [23]. Mucin preparations for light microscopy
were stained according Gram and Romanovsky-Giem-
sa [18]. Enterosorbents granules were additionally
fixed by coating the surface with 1% agar gel solution
in phosphate buffer (pH 7.2—-7.4) [22]. Mucin prepa-
rations were examined using Zeiss Primo Star micro-
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ciegHero mpuema npoouoTukoB (17-, 22-e cyTku
HaOJTIOIeHMs ) 3a0upay MpoObI MYITHHA TOJICTOM KHIII-
KH{ JJ151 MUKPOOHOJIOTMYE€CKOTO M MUKPOCKOIIMYECKOTO
uccnegoBanus [7, 12]. [y 3Toro u3 pa3HbIX OTAEIOB
TOJICTOM KHIIKH MCCEKaJld 1O JBa CMEXHBIX (hpar-
MEHTA IJIMHOHN 5 cM. XUMYyC yAaIsuIM IPOMBIBAHUEM
(parMeHTOB KUILKH OXJIaXIeHHBIM 110 4°C pacTBOpOM
Punrepa (pH 7,0-7,4), 3aTeM IUIaCTUKOBBIMHU CTEp-
XKHSIMHU (parMeHTHl BBIBOPAYMBAIN CIU3UCTON 000-
JIOYKOH Hapy’KYy, MOMEIIAIH B COCY/BI C OXJIAKICHHBIM
pactBopom Punrepa (5 mMit) 1 BCTpsIXMBaIU B TEUCHHUE
10 MuH, mocie 4ero B 3TOT K€ pacTBOp MOMeELIaIn
MYIIFH, KOTOPBIA CHUMAJIU C TIOMOIIBIO IITIATEIs.

Conepxkanne B MyIuHe OakTepuii pomnoB Bifido-
bacterium n Lactobacillus onpenensiiu B cOOTBET-
CTBUM C METOAMYECKUMH pekoMeHaauusmu [14],
conepykanme KIeTok S. boulardii — «damedHbIM Me-
tomom» Koxa [15]. st aTOorO cCepuiinbie pa3BeAcHMS
MyILHMHA BbICEBAJIM Ha arapu30BaHHyI0 cpeny Cadypo
¢ nob6amnenueM xnopamdenukona (0,05 r/m) [18].
IIpenapaTsl MylIMHA JUIsl IPOBEIEHUS CBETOBOM MUK~
pockonuu okpamuBaiu o I'pamy u PomanoBckoMy-
I'um3ze [16]. ns gononHuTensHON (PUKCALIMM TPAHYI
SHTEPOCOPOCHTOB OBEPXHOCTH MPENapaToB NOKPhIBa-
mu 1%-M arapoBbeIM TeieM Ha pacTBope (ocdaTHOTO
oydepa (pH 7,2-7,4) [17]. [Ipenapars! MyIIiHA HCCIIe-
JIOBAJIM C IIOMOIIBIO0 MUKpOCKoma «Zeiss Primo Star»
(I'epmanus) ¢ mporpaMMHBIM obecriedyeHHeM «AXio
Vision 4» («Zeiss», ' epmanus).

Juia craTucTHYecKoro aHajin3a MOMYyYeHHBIX pe-
3yJIBTaTOB UCIIONIb30BaIM t-TecT CThIOEHTA U MaKeT
nporpamMm «SPSS 17.0» («IBM», CIIA). ITopor
CTaTHCTUIECKON MOTPENTHOCTH OB YCTaHOBIIEH Ha
ypoBHE 5%.

Pe3yabTarsl m o0cy:xaeHnne

Ha 3-u cytkm mocie BBeIeHUS aMITUIMILIAHA U
METPOHHUAA30J1a y YKHUBOTHBIX OTMEYAIH CHMIITOMBI
I1cOM03a KAIIEYHHUKA: TOMU(PEKAINIO0, YepeJOBaHUE
Iaper ¥ 3all0pOB, N3MEHEHNE KOHCUCTEHIIUH CTYJIa,
YXyIIICHUE alllleTATa, CHIDKEHNE MacChl Tena Ha (3,5 +
0,5) . Uepes 48 4 mmociie BBEICHUS XUMHUOIIPEITApaTOB
B MYLIHE TOJICTOTO KHIICYHHKA OBUIO YCTAaHOBJIEHO
camwkenue uncina /g KOE/r 6akrepuit Bifidobacterium
spp. u Lactobacillus spp. ¢ 7,4 no 2,0 m ¢ 8,1 mo 2,3
COOTBETCTBEHHO (cM. Tabm. 1, 2).

B teuenne 17 cyTok comepxanue OakTepuii
Bifidobacterium spp. n Lactobacillus spp. B nmpucte-
HOYHOM MYIIMHE )KHBOTHBIX, HE TTOJTyYaBIINX TEPAITHIO
MIPOOHOTHKAMH U SHTEPOCOPOESHTaMH, He N3MEHSIJIOCh.
Ha 22-e cyTku HaGmiopeHus coiepkaHue DaHHBIX
OakTepuii B MyLMHE 3HAYMMO MOBBIIIATIOCEH, HO OBLIO
HWXE KOHTPOJIBHOTO. Y BCEX KUBOTHBIX 3TUX TPYII B
TeueHHe BCETO CPOKA HAOIFOIEHHUS OTMEYaJIH OMTUCaH-
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scope (Germany) and AxioVision 4 software (Zeiss,
Germany).

For statistical analysis of the results the Student
t-test and SPSS 17.0 (IBM, USA) software were used.
The threshold of statistical error was set at 5%.

Results and discussion

To day 3 after the Ampicillin and Metronidazole
treatment the animals got the symptoms of intestinal
dysbiosis: polyfekalia, diarrhea and constipation inter-
change, altered stool consistency, appetite and weight
loss by (3.5 £0.5) g. In 48 hrs after administration of
medications the colon mucin had number of g CFU/g
of Bifidobacterium spp. and Lactobacillus spp. bacteria
decreased from 7.4 down to 2.0 and from 8.1 down to
2.3, respectively (Tables 1 and 2).

During 17 days the content of Bifidobacterium spp.
and Lactobacillus spp. bacteria in parietal mucin of
the animals non-treated with probiotics and enterosor-
bents was not changed. To observation day 22 the
content of these bacteria in mucin was significantly
increased, but it was still lower than in the control. All
the animals of these groups had the mentioned above
clinical manifestations of gastrointestinal tract digestive
functions disorders during the entire period of obser-
vation.

In the animals of groups 1-3, treated with native or
stored at —80, —196°C free B. bifidum cells, the total
number of Bifidobacterium spp. bacteria in mucin
was significantly increased to day 12 of therapy as
compared with the values after administration of
chemical drugs (see Table 1). To day 5 after the
treatment (observation day 17) the total number of
Bifidobacterium spp. bacteria decreased if compared
to day 12 of B. bifidum receiving. To day 10 after the
end of therapy course (observation day 22) the total
number of Bifidobacterium spp. bacteria increased
again and exceeded the value corresponding to day 12
of the treatment. For all the terms of observation
(during therapy and 10 days after its finishing) the total
number of Bifidobacterium spp. bacteria in mucin
was lower than before the dysbiosis induction.

In the animals of groups 4-9 the therapy was per-
formed using the mixtures of enterosorbents SCMS-1,
Sorbex with free native or stored at —80 and —196°C
B. bifidum cells (see Table 1). In the animals of these
groups, as well as in those of groups 1-3, a significant
increase of the total number of Bifidobacterium spp.
bacteria in mucin was observed to days 5—12 of treat-
ment. The number of bifidobacteria in mucin within
10 days after the therapy stop did not change and was
significantly lower than before the dysbiosis induction.

The animals of groups 10-15 were treated with
the enterosorbent-immobilized B. bifidum cells (see
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HBIE BBIIIE KIMHAYECKUE NPOSBICHHUA HAPYIICHHUH
numeBapuTenbHbIX GyHKIui XKKT.

Y XUBOTHBIX Tpynm 1—3, KOTOPBIM BBOJHIU
HAaTUBHBIE W XpaHUBIIMECS MpH Temieparype —80,
—196°C cBobomubIe KNeTKU B. bifidum, cymmapHoe
KoJIn4ecTBO Oaktepuit Bifidobacterium spp. B
MyIIMHE Ha 12-¢ CyTKH Kypca Tepamnuu 3HAIUMO
MTOBBIIIAIOCH TTO CPAaBHEHUIO C TaHHBIM TT0Ka3aTelleM
TI0CJIe BBEICHUS XUMHOIIpenapaToB (cM. Tabm. 1). Ha
5-e cyTku moce yedeHus (17-e cyTku HaOIIomeH )
cyMMapHoe KonudecTBO Oakrepuit Bifidobacterium
Spp. CHWKAJOCh MO CPaBHEHHIO ¢ 12-MU cyTKaMu
npuema B. bifidum. Ha 10-e cyTku nocie OKOHYaHHS
Kypca tepanui (22-e CyTKu HaOMIoeHHs) CyMMapHOe
KONM4ecTBO Oakrepuit Bifidobacterium spp. cHOBa
YBEIMYUIOCH U MPEBBICHIO MOKa3aTeNb, COOTBET-
cTByromwui 12-M cyTkam mpuema mpemaparoB. Ha
BCEX Cpokax HaOmwomeHus (BO BpeMs TEepalud H
gepe3a 10 CyTok mociie ee OKOHYaHHS) CyMMapHOe
Konm4aecTBo Oaktepuit Bifidobacterium spp. B My-
pHe OBIJIO HIDKE TTOKA3aTels 10 MHAYKITNH TUCOn03a.

JKuBoTHBIM TpyTITT 4—9 Tepamuio MpOBOIMIIN C HC-
MOJIb30BaHNEM cMeceid aHTepocopOeHToB «CYMC-1»,
«Copbexkc» co cBOOOAHBIMI HATUBHBIMHU U XPaHUBILIU-
Muca npu temmnepatypax —80 u —196°C knetkamu
B. bifidum (cm. Tabm. 1). Y 5KUBOTHBIX U3 3TUX IPYTIII,
Kak U B Tpynnax 1-3, 3Ha4nMoe MOBHIILIEHHE CyMMap-
HOTO KoymuecTBa Oaktepuit Bifidobacterium spp. B
MYyIIHHE HaOIronanoch Ha 5—12-e cytku jgedenns. Ko-
nudecTBO OupumodakTeprii B MyIIUHE B TCUCHHE
10 cyToK rmocie okoH4YaHUS Kypca Teparnuyd He U3MEHsI-
JIOCh 1 OBLIIO 3HAYMMO HIDKE TOKA3aTesl 10 HHAYKIAN
muconosa.

KupotHeiM rpynn 10—15 BBoauIM mpenapatsl
HMMOOUIIN30BaHHBIX Ha YHTEPOCOPOCHTAX KJIETOK
B. bifidum (cm. Tabn. 1). Yxe Ha 5-e CyTKH Tepanuu
3HaYUMO YBEJIHMYMIOCH CyMMapHO€ KOIUYEeCTBO Oak-
tepuii Bifidobacterium spp. B mynune. Ha 12-e cyTkun
Tepanuu U B TeueHue nocieaywmux 10 cytok (17—
22-¢ CyTKH HaOIMIONCHUSA) CyMMapHOE KOJUYIECTBO
Oaxrepuit Bifidobacterium spp. B MylliHe HE OTIINYa-
JIOCh OT TAHHOTO ToKa3areis s oudumodakTepmit
IO MHAYKIINH THCOn03a.

Bo Bcex rpymmax skcriepruMeHTaIbHBIX )KHBOTHBIX
pasnuuHs ToKa3aTesleld BOCCTAHOBIICHUS B MYIIMHE
CyMMapHoOro konudectBa Bifidobacterium spp. noc-
Jie BBEICHHS CBOOOJIHBIX U MMMOOHMIIN30BaHHBIX
KIETOK B. bifidum 1o u mocne XxpaHeHUs TPH HU3KUX
TeMIIepaTypax OTCyTCTBOBaiM. Taxke He ObLTH yC-
TAHOBJICHBI Pa3INYHA U B TEPANIEBTUYECKOM dPeKTe
npenaparoB B.bifidum, XpaHUBIINXCS TIPH TeMIIe-
patypax —80 u —196°C.

[Tocne nmeuenns nucOno3a KWIIEYHHKA CBOOOI-
HBIMW 1 UMMOOHITM30BaHHBIMU Oaktepusimu L. bulga-
ricus OBLUTY TIOTY9IEHBI Pe3yNbTaThl, CXOIHBIE C JaHHBI-
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Table 1). To day 5 of therapy, the total number of Bifi-
dobacterium spp. bacteria in mucin was significantly
increased. To day 12 of therapy and during the next
10 days (observation days 17-22), the total number of
Bifidobacterium spp. bacteria in mucin did not differ
from the one prior to the dysbiosis induction.

In all the groups of experimental animals we found
no differences in recovery of the total amount of
Bifidobacterium spp. in mucin after administration
of free and immobilized B. bifidum cells stored or not
stored at low temperatures. There were no differences
in therapeutic effect of B.bifidum products stored at
either —80 and —196°C as well.

After treatment of intestinal dysbiosis with free and
immobilized L. bulgaricus bacteria the results similar
to the ones when using B.bifidum were obtained. The
total amount of Lactobacillus spp. bacteria in mucin
of the animals treated with free cells and the mixtures
of free cells with enterosorbents significantly increased
to day 12 of administration (see Table 2: groups 1-3
and 4-9). In 5 days after the treatment the index
declined and 10 days later it again increased to the
values close to the ones prior to the dysbiosis induction.
In the groups of animals treated with immobilized
L. bulgaricus cells, the total amount of Lactobacillus
spp. bacteria in mucin started rising to observation
day 5 (Table 2: groups 10—15), and to day 22 it restored
to the control values.

In mucin of the animals treated with L. bulgaricus
products stored and not stored at low temperatures
the amount of Lactobacillus spp bacteria did not differ
like in previous experiments. There were no differences
in therapeutic effect of L.bulgaricus stored at —80
and —196°C as well.

In the third set of experiments we examined the
persistence of S.boulardii yeast in the colon mucin
and recovery of Bifidobacterium spp. and Lactoba-
cillus spp. bacteria populations after introduction of
free and immobilized S. boulardii cells. Saccharo-
myces spp. cells were absent in mucin of the animals
before dysbiosis induction and 48 hrs later administering
the chemical drugs. To days 5 and 12 of treatment
(observation day 5 and 12) the equal amounts of
Saccharomyces spp. cells were isolated from the
mucin of the animals treated with S.boulardii cells
and mixtures of free cells with enterosorbents, i. e.
from 3.5 to 4.4 Ig CFU/g (Table 3: Groups 1-9). In
5 days after the treatment (observation day 17) only
single Saccharomyces spp. cells were identified in
mucin of the animals of these groups, and 10 days
later (observation day 22) the yeast cells were absent
in mucin. During the whole period of treatment with
the enterosorbent-immobilized S .boulardii cells and
5 days later the equal amounts of yeast cells were
isolated from the mucin, which were significantly higher
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Tabnuua 1. Coagepxanue Bifidobacterium spp. B NPUCTEHOYHOM MYUMHE TOJICTON KULLIKU
MbILLEN C XMMMOTEepaneBTUHECKUM ANCOMO30M KULLEYHMKA Nocne BBEAEHUs] CBOBOAHbBIX
1 MMMOBMNM30BaHHBIX KNeTok B. bifidum v aHTepocopbeHToB, Ig KOE/T, x + Sx

Table 1. Content of Bifidobacterium spp. in parietal mucin colon of mice with chemotherapeutical
intestinal dysbiosis after injection of free and immobilized B. bifidum cells and enterosorbents, Ig CFU/g, x + Sx

48 4 nocne 5-e cyTKM 10-e cyTkM
MHAYKUMN 5-e cyTku 12-e cyTkm nocne nocne
[o ancbuosa npuema npuema npvema npuema
MHAOYKLUK (1-e cyTkmn n(%?gacpaTTKt;B ??;r'eagax: npenapaTos npenapaTtos
Ipynnbl XMBOTHBIX (BBOAMBLUMECA NpenapaThbl) nncbuosa HabntopeHuA) Habmo Yava) Habmo gHMﬂ) (17-e cyTkM (22-e cyTKM
Groups of animals (introduced preparations) Before 48 h post Bn d:fy of 12t dﬁeluy of HabntoaeHus) | HabnopeHuA)
i H H 1 th th
ducton | inducdon | treatment | treatment | S SO EOR | T EY ST
(1 day of | (B"dayof | (12%dayof | w0 ¢ | (227 day of
observation) observation) | observation) observation) | observation)
HMuBoTHbIe 6€3 neyeHunA N N N
Animals without treatment 2,8+04* 3,0£0,5* 3,1£0,3" 4,0+0,4%
1. Ceo6oaHble kneTku B. bifidum %a ab b
1. Free B. bifidum cells 2,4+0,6* 4,6+0,4 3,9+0,6* 5,4+0,4*
2. CeobopHble kneTkn B. bifidum,
XpaHuBLunecAa npu —80°C 25+0,1* 4,8+0,3* 3,8+0,4%® 5,6+0,3*®
2. Free B. bifidum cells, stored at -80°C
3. CBobopHble kneTkn B. bifidum,
xpaHuBLumeca npu —-196°C 2,4+0,5* 4,7+0,4% 3,9+0,3* 5,6 +0,4*®
3. Free B. bifidum cells, stored at -196°C
4. Cso6oaHbie kneTkn B. bifidum + «CYMC-1» . . . .
4. Free B. bifidum cells + SCMS-1 3.0£04% | 55+05% | 59+04 | 5803
5. CBob6opaHble kneTkn B. bifidum + «Cop6ekc» *a *a a *a
5. Free B. bifidum + Sorbex 2,9+0,3 5,1+0,5 5,7+0,2* 5,8+0,3
6. CobopHble kneTkn B. bifidum,
xpaHuswureca npun —80°C, + «CYMC-1» 3,1+0,3* 5,0+0,4* 5,6+0,2* 5,7+0,6*
6. Free B. bifidum cells, stored at -80°C, + SCMS-1
7. CBobopHble kneTku B. bifidum,
xpaHuswuecsa npn —-80°C, + «CopbeKkc» 3,0+£0,4%2 5,2+0,5* 5,7+0,6*2 5,9+0,3*
7. Free B. bifidum cells, stored at -80°C, + Sorbex
8. CBobogHble kneTkm B. bifidum,
xpaHuswmneca npu —-196°C, + «CYMC-1» 3,4+0,4%* 5,1+0,3* 5,6+0,4%* 5,8+0,4%*
8. Free B. bifidum cells, stored at -196°C, + SCMS-1
74+£0,4 2,0+0,6*
9. CBobopHble kneTku B. bifidum,
xpaHuswmreca npn —196°C, + «Copbekc» 3,3+0,4* 5,0+£0,4% 5,6+0,3* 5,9+0,6*
9. Free B. bifidum cells, stored at -196°C, + Sorbex
10. Immo6unusoBaHHble
Ha «CYMC-1» knetku B. bifidum 4,5+0,4% 7,0+0,3° 7,0+£0,5° 7,1+£0,3°
10. Immobilized with SCMS-1 B. bifidum cells
11. UmmobunusoBaHHble
Ha «Copbekce» kneTtku B. bifidum 4,4+0,3* 7,1+£0,42 7,0+£0,4° 7,2+0,4°
11. Immobilized with Sorbex B. bifidum cells
12. mmobunusoBaHHble Ha «CYMC-1»
kneTku B. bifidum, xpaHuswueca npu —80°C N N N N
12. Immobilized with SCMS-1 45+0,56" 6.9+05 7104 71+0.2
B. bifidum cells, stored at -80°C
13. mmobunusosaHHbie Ha «Copbekce»
kneTku B. bifidum, xpanusumneca npu —-80°C *a a a a
13. Immobilized with Sorbex 4404 7.0+£0.3 71+04 7,2+03
B. bifidum cells, stored at -80°C
14. mmobunusosaHHble Ha «CYMC-1»
kneTkm B. bifidum, xpaHuswueca npn —196°C N N N N
14. Immobilized with SCMS-1 46+0,3" 7.0£0.4 7.2%0,2 71+04
B. bifidum cells, stored at -196°C
15. VIMM_o_GMﬂmoBaHHble Ha «Copbekce»
kneTkun B. bifidum, xpanuswmneca npn —196°C 4,2+0,5% 6,9+0,3° 714040 7.3+0,3

15. Immobilized with Sorbex
B. bifidum cells, stored at —196°C

MpumeyaHume:

day of therapy.

*

— CTaTUCTUYECKM 3HAYMMble OT/INYMA MO CpaBHEHUIO ¢ KOHTponem (p < 0,05); a — gaHHbIMKM NOCne UHOYKLMU
ancbunosa; b — gaHHbIMKU Ha 12-e cyTkU Tepanuu.

Note: * — statistically significant changes (p < 0.05) if compared with control (before dysbiosis); a — after induction of dysbiosis; b — 12®
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mu 1315 B.bifidum. CymMmmapHO€ KOJIMYECTBO B MyLIUHE
Oaktepuii Lactobacillus spp. B rpynmnax »XKUBOTHBIX,
KOTOPBIM BBOJMIIM CBOOOIHBIE KIETKU U CMECH CBO-
OOIHBIX KJIETOK C SHTEPOCOPOESHTaMH, 3HAYMMO TTOBbI-
Iajaoch Ha 12-e cyTku BBeieH!s (CM. Talu1. 2: TPyIIIbI
1-314-9). Uepes 5 cyTOK MOCIIC ICUCHUS YKa3aHHBIHA
MoKa3arenb CHIKaJCS, a uepe3 10 cyToK CHOBa IMOBBI-
Iascs 10 3Ha4eHUH, OJM3KUX K MOKA3aTelsM JI0 WH-
IOyKIuU qucOno3a. B rpymmax >KMBOTHBIX, KOTOPBIM
BBOJIMJTH UMMOOWIIN30BaHHBIC KIICTKU L. bulgaricus,
CyMMapHO€ KOJIM4eCTBO B MyLIMHE OakTepuil Lacto-
bacillus spp. HaYMHAJIO YBEIUIUBATHCA K 5-M CyTKam
HaOmionenust (cM. Tabn. 2: rpynnel 10-15), a Ha
22-e CyTKH BOCCTaHOBHJIOCH /10 KOHTPOJIbHBIX 3HAUYCHHH.

B MynuHe >KMBOTHBIX, MOJTYYaBIIUX Mpemaparhbl
L. bulgaricus, 1o ¥ mociie XxpaHeHUsI IPH HU3KUX TEM-
neparypax KoJaudecTBo 6akrepuit Lactobacillus spp.,
KaK U B IIPEJBIIYIIIX SKCIIEPUMEHTAX, HE OTJINYAIIOCH.
OTCcyTCTBOBAJIM M Pa3linyus B TEPaANeBTUUECKOM
neiictBum mpenaparoB L. bulgaricus, XpaHUBIINXCS
ipu Temmeparypax —80 u —196°C.

B TpeThell cepum 3KCIEPUMEHTOB HCCIEA0BAIN
MEPCUCTEHIIUIO B MYLIHE TOJICTOM KHMIIKH IPOXKEi
S. boulardii u BoccTaHOBIEHUE TOMYJISLUI OaKTepHit
Bifidobacterium spp. u Lactobacillus spp. mocne
npueMa CBOOOTHBIX M MMMOOMIIM30BAaHHBIX KIIETOK
S. boulardii. B MmynuHe >XKMBOTHBIX 0 WHIYKIIUU
qucOmo3a u yepes 48 4 1mocie OKOHYaHUsI BBEICHUS
XUMUOTIPETIapaToB KIETKU Saccharomyces spp. OTCyT-
cTBOBaJIW. VI3 MyIMIHA )KHBOTHBIX, KOTOPHIM BBOJIVIIH
cBoOonHbIe KINeTKH S.boulardii n cmecn cBOOOIHBIX
KJIETOK C dHTepocopOeHTamu, Ha 5- u 12-¢ cyTku
nedeHus (5- m 12-e cyTku HaOMIONCHS) BBIACIISLTH
OIMHAKOBOE KOJIMUYECTBO KIIETOK Saccharomyces spp. —
ot 3,5 no 4,4 Ig KOE/r (cm. tabn. 3: rpynmsr 1-9).
Yepes 5 cytok mocine neuenns (17-e cyTku Habmone-
HHSI) B MyLIMHE )KUBOTHBIX 3THX IPYIII ObUTH OOHapyxe-
HBI €IMHUYHBIC KIETKU Saccharomyces spp., a uyepe3
10 cyTok (22-e cyTKH HaONMIOACHUS) APOXKIKEBBIC
KJICTKH B MyLHUHE OTCyTCTBOBaJM. Ha mpoTspkeHun
BCETO Nepro/a npuema npenapaToB UMMOOMIN30BaH-
HBIX Ha DHTEpOCcOpOEHTax KIETOK S.boulardii m yepe3
5 CYTOK IIOCJIE JIEUEHUSI U3 MyLIMHA BRI TAKXKe
OZIMHAKOBOE KOJIMYECTBO JIPOACKEBBIX KIETOK, KOTOPOE
OBLIO 3HAYMMO BBINIE, YeM B rpymmax 1-9. Ha 22-¢
CYTKHU HaOJIIOEHUS KOJTMUECTBO APOAOKEBBIX KIETOK
B MyLUHE KHUBOTHBIX Ipynn 10-15 3HaunmMo cHuxa-
JIOCh TI0 CPaBHEHUIO C pe3ynbTaramu 15—17-x cyToK.

XpaHeHne cBOOOJHBIX 1 MMMOOMIIN30BaHHBIX HA
sHTepocopOeHTax kietok S. boulardii B TeueHue
rozaa npu —80 1 —196°C He BIUSIIO HA UX CIIOCOOHOCTD
K MEPCUCTEHIIMM B MyLMHE Mbled. Temneparypa
XpaHEHUs HEe OKa3bIBajla 3HAYMMOTO BIMSHHUS Ha
CIOCOOHOCTh APOXOKEBBIX KIETOK K IEPCUCTEHINH
B CIIM3UCTON TOJICTOM KUIIKU MBIIIEH.
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than in groups 1-9. To observation day 22 the amounts
of yeast cells in mucin of the animals in groups 1015
were significantly lower if compared with those of days
15-17.

Storage of free and enterosorbent-immobilized
S. boulardii cells within a year at —80 and —196°C
did not affect their ability to persistence in the mucin
of mice. Storage temperature had no significant effect
on the ability of yeast cells to persistence in the colon
mucosa of mice.

In addition to the testing the persistence of yeast
cells in mucin the groups of the S. boulardii treated
animals were assessed for the presence of Bifido-
bacterium spp. and Lactobacillus spp. bacteria.
Before the dysbiosis induction the animals of these
groups had the number of /g CFU/g for bifidobacteria
of 7.6 £ 0.5, for lactobacilli this was 8.0 + 0.4, and 48
hrs later the administration of chemodrugs the amounts
were 2.1 £0.4 and 2.4 £ 0.5, respectively. In mucin of
the animals of groups 1-3 (Table 4, 5) to day 12 day of
therapy the number of [g CFU/g for bifidobacteria was
3.3, for lactobacilli this was 4.2. In 10 days after the
therapy termination, when the yeast cells were already
absent in mucin, the amount of bifidobacteria was
increased up to 4.3 /g CFU/g and the one of lactobacilli
enhanced up to 4.8 /g CFU/g. Similar results were
observed in the groups 4-9, where the animals were
treated with the mixture of S. boulardii cells and
enterosorbents. In groups 10—15 of the animals treated
with preparations of S. boulardii cells immobilized on
enterosorbents, the number of /g CFU/g of bifidobac-
teria and lactobacilli were higher than in groups 1-9.
In 10 days after treatment, the number of yeast cells
in mucin of mice of groups 10-15 decreased and the
number of bifidobacteria and lactobacilli increased if
compared to the last day of therapy.

Storage of free and immobilized S. boulardii cells
throughout the year at —80 and —196°C did not affect
their ability of recovering the Bifidobacterium spp.
and Lactobacillus spp. cenobiont populations.

The increase of the numbers of bifido- and lacto-
bacteria in mucin after receiving the non-stored and
stored at low temperatures free or immobilized probio-
tics correlated with a decrease in clinical manifestations
of disorders in gastrointestinal tract digestive functions.
In the groups of mice treated with immobilized pro-
biotics no clinical manifestations were found to obser-
vation day 22. In 30% of the animals treated with
a mixture of free cells and enterosorbents the polyfe-
calia was kept, thereat the animals treated with free
probiotic cells had just some clinical manifestations less
pronounced than in the animals non-treated with pro-
biotics and enterosorbents after the dysbiosis induction.

A comparative microscopic investigation of colon
mucin in the animals of all the groups was performed
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Tabnuua 2. Cogepxanue Lactobacillus spp. B NPUCTEHOYHOM MYLIMHE TOJICTOW KMLLIKU
MbILLEN C XMMMOTEepaneBTUHECKUM ANCOMO30M KULLEYHMKA MNocne BBEAEHUs] CBOBOAHBIX
N MMOBMNM30BaHHbIX KNeTok L. bulgaricus n aHTepocopbeHToB, Ig KOE/T, x + Sx

Table 2. Content of Lactobacillus spp. in parietal mucin colon of mice with chemotherapeutical

intestinal dysbiosis after injection of free and immobilized L. bulgaricus cells and enterosorbents, /g CFU/g, x + Sx

48 4y nocne 5-e CyTKN 12-e cyTRM 5-e cyTKM 10-e cyTkun
MHAYKUMK npl/leyMa npme?\lna nocne nocne
Oo ancbuosa npenapatos | npenapatos npuema npuema
MHAYKLMN (1-e cyTkm (5-e CyTKu (12-¢ cytkw | NPEMapaTos | npenaparos
[pynnbl }XMBOTHbIX (BBOAUBLUMECA NpenapaTbl) oucbrosa HabntofeHnA) Habnto \éHMH) Habnto gHMH) (17-e cyTkn (22-e cyTkM
Groups of animals (introduced preparations) Before 48 h post Bh d;f of 12t dg of HabntoaeHwA) | HabnopeHnA)
dysbiosis dysbiosis treatnXent treatm\ént 5" day post | 10" day post
induction induction (5% day of (12 day of treatment treatment
(1* day of observation) | observation) (17* day of (22" day of
observation) observation) | observation)
MunBoTHble 6€3 neveHun » * » »a
Animals without treatment 2,3+05 26+0.3 3,0£0,4 3.8+0,3
1. CBo6oaHble kneTku L. bulgaricus * *a *a ab
1. Free L. bulgaricus cells 2503 5104 4,003 7,2£0,3
2. CeobogHble kneTku L. bulgaricus,
xpaHusLumeca npu —80°C 2,4+0,4%* 5,3+0,4% 4,0+£0,3* 7,0+£0,3%®
2. Free L. bulgaricus cells, stored at -80°C
3. Ceob6oaHble kneTku L. bulgaricus,
xpaHusLmnecs npu —196°C 2,5+0,4% 5,2+0,4* 4,1+0,3* 7,2+0,3%
3. Free L. bulgaricus cells, stored at —196°C
4. CBo6opHble kneTkm L. bulgaricus + «CYMC-1» * *a *a ab
4. Free L. bulgaricus cells + SCMS-1 31+03 6.0+0.3 5.2+0.4 74+04
5. CBobogHble kneTku L. bulgaricus + «Cop6ekc» * %a *a ab
5. Free L. bulgaricus + Sorbex 3304 6,1+0,3 54%03 7404
6. CBobopaHble kneTku L. bulgaricus,
xpaHuswmeca npu —-80°C, + «CYMC-1» 3,4+0,4% 6,3+0,3*2 5,2+0,4%* 7,5+0,4%
6. Free L. bulgaricus cells, stored at -80°C, + SCMS-1
7. CBobopgHble kneTku L. bulgaricus ,
xpaHuswmeca npun —-80°C, + «Copbekc» 3,1+0,3* 6,3+0,4%2 5,4+0,3* 7,3+0,4%
7. Free L. bulgaricus cells, stored at —-80°C, + Sorbex
8. CeoboaHble kneTku L. bulgaricus ,
xpaHuswueca npum —196°C, + «CYMC-1» 3,3+0,4*% 6,2+0,4%2 5,4+0,3*% 7,4+0,3%
8. Free L. bulgari s, stored at -196°C, + SCMS-1
ree L. bulgaricus cells, stored a 8.1+0,4 23+0,4%
9. CeoboaHble kneTku L. bulgaricus ,
xpaHuBwueca npu —-196°C, + «Copbekc» 3,2+0,3* 6,3+0,3*® 5,2+0,4%* 7,5+0,4%
9. Free L. bulgaricus cells, stored at -196°C, + Sorbex
10. iMmo6unusoBaHHble
Ha «CYMC-1» kneTku L. bulgaricus 4,0+0,3*ab 7,8+0,3* 7,2+0,3° 7,6+0,4°
10. Immobilized with SCMS-1 L. bulgaricus cells
11. iMmo6unusoBaHHble
Ha «Cop6ekce» kneTkn L. bulgaricus 4,1+0,3*ab 7,9+0,4° 7,2+0,3° 7,6+0,4°
11. Immobilized with Sorbex L. bulgaricus cells
12. immobunuaoBaHHble Ha «CYMC-1»
kneTku L. bulgaricus, xpaHuswmecs npu —-80°C * a a a
12. Immobilized with SCMS-1 41+04%ab | 7,8+03 7,3+0.4 7.6+04
L. bulgaricus cells, stored at -80°C
13. UImmobunusosaHHble Ha «Copbekce»
kneTku L. bulgaricus, xpaHuswueca npn —80°C % B N B
13. Immobilized with Sorbex 42+0,4%ab | 7,7+£04 7,204 7.8+04
L. bulgaricus cells, stored at —-80°C
14. mmobunusoBaHHble Ha «CYMC-1»
kneTku L. bulgaricus, xpaHuBlimeca npu —196°C % a N a
14. immobilized with SCMS-1 4,1+0,4%ab 7,7+0,4 7,2+0,4 7,7+0,4
L. bulgaricus cells, stored at —196°C
15. UmmobunusoBaHHble Ha «Copbekce»
1 o
kneTku L. bulgaricus, xpaHuslumeca npu —196°C 4,0+0,4%ab 7,8+0,3° 7,3+0,3° 7,9+0,4°

15. Immobilized with Sorbex
L. bulgaricus cells, stored at —196°C

I'Ipumeqarme: * — CTATUCTMYECKU 3HAYUMbIE OTNIMYUSA NO CpaBHEHUKD C KOHTpOJ1eM (p < 0,05), a — AJaHHbIMW nocne UHAyKuun

oncbrosa; b — gaHHbIMKM Ha 12-e cyTKu Tepanuu.

Note: * — statistically significant changes (p < 0.05) if compared with control (before dysbiosis); a — after induction of dysbiosis; b — 12™

day of therapy.
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Tabnuua 3. CogepxaHne Saccharomyces spp. B NPUCTEHOYHOM MYyLMHE TONCTON KULLKU MbILLEN

C XMnoTepaneBTU4eCKkMmMm Oncbrno3oM KuLeYHUKa rnocne BBeAeHUs1 CBOOOAHbIX

1 MmMoBMnNu3oBaHHbIX S. boulardii n aHTepocopbeHToB, Ig KOE/T, x + Sx

Table 3. Content of Saccharomyces spp. in parietal mucin colon of mice with chemotherapeutical intestinal
dysbiosis after injection of free and immobilized S. boulardii cells and enterosorbents, Ig CFU/g, x + Sx

Cwmpann | Seoymw | 12ecyna | TR | 08 e
Oo oncbuosa npuema npuema npvema npuema
npenapaTos | npenapaTtos
MHAYKUMn (1-e cyTkn (Boe cyTHM (12-6 cytku | MPENapatos | npenaparos
[pynnbl }XMBOTHbIX (BBOAMBLUMECA NpenapaThbl) ancbuosa HabnoaeHnA) Habnto LHMH) Habnio gHMH) (17-e cyTkmn (22-e cyTkM
Groups of animals (introduced preparations) Before 48 h post th A th A HabntopeHunna) | HabnoaeHws)
o S 5thday of 12" day of " th
dysbiosis dysbiosis 5" day post | 10" day post
induction induction treatment treatment treatment treatment
(15 day of | (0" dayof | (12"dayof | Gou g 0ot | (220 day of
observation) observation) | observation) observation) | observation)
HunBoTHbIE G€3 neveHun OTCYTCTBYIOT | OTCYTCTBYIOT | OTCYTCTBYIOT | OTCYTCTBYHOT
Animals without treatment absent absent absent absent
1. Ceo6oaHble kneTku S. boulardii B OTCYTCTBYHOT
1. Free S. boulardii cells 4,003 4103 0,7+0,04 absent
2. CeoboaHble kneTku S. boulardii,
xpaHusLumeca npu —80°C 3,8+0,3 3,9+0,3 0,5+0,02° om;’g:;i\tﬁo-r
2. Free S. boulardii cells, stored at -80°C
3. CeoboaHble kneTku S. boulardii,
XpaHusLuveca npu —196°C 3,9+0,3 4,0+£0,2 0,6 +£0,03° om;’gzgi\tﬁo-r
3. Free S. boulardii cells, stored at -196°C
4. Co6oaHble kneTku S. boulardii + «CYMC-1» . | otcyTcTBytoT
4. Free S. boulardii cells + SCMS-1 35%0,2 3904 0,9+0,03 absent
5. CBobogaHble knetkn S. boulardii + «Copbekc» N OTCYTCTBYOT
5. Free S. boulardii + Sorbex 3.7£0,3 4.0£0,2 0,9+0,03 absent
6. Cob6oaHble kneTku S. boulardii,
xpaHusLnecA npu —80°C, + «CYMC-1» 4,1+0,3 4,2+0,4 0,8+0,03° °T°Vg°TB‘t”°T
6. Free S. boulardii cells, stored at -80°C, + SCMS-1 absen
7. CeoboaHble kneTku S. boulardii,
xpaHmsLMeca npu —80°C, + «CopBeKc» 3,9+0,2 4,3+0,5 0,7+0,03° °T°g’g‘s’;z‘t’m
7.Free S. boulardii cells, stored at —-80°C, + Sorbex
8. CBobopaHble kneTku S. boulardii,
xpaHnBLLMecA npn —196°C, + «CYMC-1» 3,9+0,4 4,2+0,4 0,9+0,03° °T°g’g‘s’;z‘t’m
8. Free S. boulardii cells, stored at -196°C, + SCMS-1 | oTcyTcTBYIOT | OTCYTCTBYIOT
absent absent
9. CeoboaHble kneTku S. boulardii,
xpaHusinecs npu —196°C, + «Cop6eKc» 3,8+0,4 4,4+0,3 0,8+0,03= | OTOYIETOVIOT
9. Free S. boulardii cells, stored at ~196°C, + Sorbex
10. immo6unusoBaHHble
Ha «CYMC-1» kneTku S. boulardii 6,4+0,3 6,7+0,3 6,1+0,2 3,0+0,2°
10. Immobilized with SCMS-1 S. boulardii cells
11. immo6ununsoBaHHble
Ha «Copbekce» kneTku S. boulardii 6,7+0,5 6,8+0,4 6,0+£0,4 3,1+0,4°
11. Immobilized with Sorbex S. boulardii cells
12. mmobunusosaHHbie Ha « CYMC-1»
kneTku S. boulardii, xpanmswwmeca npu —80°C B
12. Immobilized with SCMS-1 6.2+0.4 6.5+0.3 6.0+0.4 2904
S. boulardii cells, stored at -80°C
13. UmmobunusosaHHble Ha «Copbekce»
kneTku S. boulardii, xpaHuswwuecs npun -80°C o
13. Immobilized with Sorbex 6,3+03 66+02 | 624035 | 30%03
S. boulardii cells, stored at -80°C
14. UmmobunusosaHHble Ha «CYMC-1»
kneTku S. boulardii, xpaHuswumeca npu —196°C o
14. Immobilized with SCMS-1 6.0£05 6,5+0.4 59+046 | 30203
S. boulardii cells, stored at -196°C
15. immo6unusoBaHHble Ha «Copbekce»
kneTku S. boulardii, xpanmswumeca npu —196°C B
15. Immobilized with Sorbex 6.1+04 6.6+03 | 61£025 | 2804
S. boulardii cells, stored at —196°C

MpumeyaHue: © — CTaTUCTUYECKN 3HAYUMbIE OTIIMYMUS C OAHHBIMU XMBOTHbIX, MOMyYaBLUMX NpenapaTbl CBOOOAHBIX kneTok (p < 0,05).
Note: ° — statistically significant changes with data of animals, which received free cells preparations (p < 0.05).
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B rpynmnax »WBOTHBIX, IOJYy4YaBIINX MpemapaThl
S.boulardii, oMHOBpEMEHHO C TIEPCUCTEHITUEH TPOXK-
KEBBIX KJIETOK B MyLIMHE OLICHUBAJIHN HaJHM4ue OaKTe-
puit Bifidobacterium spp. n Lactobacillus spp. 1o
WHAYKIUH TUcOn03a Y )KUBOTHBIX 3TUX TPYIIT KOJIU-
yectBo /g KOE/r nyis oudumodakrepuii coCTaBIsio
7,6 £ 0,5, niisa nakrodakrepuii — 8,0 + 0,4, a yepe3 48 u
Mocje OKOHYaHHS BBEJCHHS XMMHUOIPEIapaToB —
2,1+0,4u2,4+0,5 cooTBeTcTBeHHO. B MyIIMHE KU~
BOTHBIX rpynn 1-3 (cM. Tabu. 4, 5) Ha 12-e cyTku Te-
panuu xonumvectBo /g KOE/r nnst Oudpunobakrepuii
coctaBisuio 3,3, mis makrtobaktepuit — 4,2. Uepes
10 cyTok mociie OKOHYaHHsI Kypca Tepaluu, Korja B
MYILHHE APOXIKEBbIE KIETKH YK€ OTCYTCTBOBAJH,
KoJM4uecTBO OudunodakTepuii moBuicuiock 10 4,3 Ig
KOE/, a nakrobakrepuii — no 4,8 g KOE/r. Anano-
THYHBIC PEe3YJIETaThl HAOIOAAM U Y )KUBOTHBIX TPYIIIT
4-9, KOTOPEIM BBOAWIN CMecCU KIETOK S.boulardii
¢ sHTepocopbeHTamMu. Y XHUBOTHBIX rpymm 10-15,
MOJIyYaBIIUX TpernapaTbl HMMOOIIHN30BAaHHBIX Ha
IHTEPOCOPOEHTAX KIETOK S. boulardii, komn4aecTBo Ig
KOE/r 6udpuno- n nakrodbakTepuii ObUIO BBIIIE, YEM
B rpynmnax 1-9. Yepe3 10 cyTok mocie neueHus
KOJIMYECTBO APOACKEBBIX KIETOK B MYLUHE MBIIICH
rpynn 10-15 cHu3MIIOCH, a KOJIMYecTBO OUdUI0- U
JaKTOOaKTEepUH MOBBICHIIOCH MO CPAaBHEHHIO € TIOCIIE -
HUMU CyTKaMU TEPAIUU.

XpaHeHue cBOOOIHBIX 1 UMMOOMIIN30BaHHBIX KIIe-
TOK S.boulardii B TeueHne roga Mpu TeMIieparypax
—80 1 —196°C He BIUAIO HAa UX CIOCOOHOCTH BOC-
CTaHAaBIINBATh TOIMYIISAINHN 1TEeHOONMOHTOB Bifidobac-
terium spp. u Lactobacillus spp.

[ToBrIIeHWE B MYIIMHE KOJMYECTBAa OMGMUIO- U
JIAaKTOOAKTEepUil ocie MprueMa HATHBHBIX W XPaHHB-
LIMXCSI IPY HU3KUX TeMIepaTypax cBOOOIHBIX U M-
MOOMIM30BaHHBIX MTPOOHMOTHKOB KOPPETUPOBAJIO C
yMEHbLICHHEM KIIMHUYECKHX MTPOSIBIICHUI HAPYILICHUH
nnieBaputensHbIx Gynkuumii JKKT. B rpynmnax mpimei,
MOJy4aBIIUX UMMOOUIN30BaHHBIE MPOOHOTHKH,
K 22-M CyTKaM HaONIONEeHUS KIMHUYICCKHIE TIPOsBIIC-
HUs 0TCyTCTBOBAIH. Y 30% KMBOTHBIX, OTyYaBIIHX
cMecH CBOOOIHBIX KIIETOK M DHTEPOCOPOEHTOB, CO-
XpaHsUTach MONMQEKATNA, a y MOIYIaBITUX CBOOOI-
HBIE KJIETKH TPOOHOTHKOB — OT/eNIbHBIC KITMHNYECKHE
MIPOSIBIICHHSI, KOTOPBIE OBTH MEHEE BBIPAKEHBI, YeM
y JKMBOTHBIX, HE MMOJIYYaBIIUX MOCIE UHAYKIIUU
nrcOro3a mpernaparbl IPOOMOTHKOB M SHTEPOCOpOEH-
TOB.

[NapannensHo ¢ UCCIEIOBaHUSMH IO BOCCTAHOB-
JICHHIO TOMYJSIIUN IeHOONOHTOB Bifidobacterium spp.
u Lactobacillus spp. ObL10 IPOBEICHO CPABHUTEIILHOE
MHUKPOCKOIIMIECKOE U3yIE€HIE MyIIMHA TOJICTON KHIIIKA
JKUBOTHBIX Bcex Tpyn. [Ipu MEKpocKonmaeckoM aHa-
JIU3€e TpernapaToB MyLWHA MBIIIEH TOCie WHAYKIHH
IrcOM03a HAOIIOMAIH XapaKTEPHYIO KAPTHHY MHKPO-
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simultaneously with studies on the recovery of Bifido-
bacterium spp. and Lactobacillus spp. populations.
Microscopic analysis of the mucin preparations of mice
after dysbiosis induction revealed a characteristic
microbiota of wall layer of the colon, i. e. presence of
single gram-positive and gram-negative bacterial cells
of different structures and a small amount of mucus in
the vision field (Figure 1). Mucin microscopic prepa-
rations did not differ in case of treatments with cells
stored and non-stored at —80 and —196°C, so thereafter
the data for the cells stored at —80°C are provided.

The colon mucin in mice of groups 1-15 to day 12
of treatment (observation day 22) had increased
number of cells, similar in morphology to those of
Bifidobacterium spp. and Lactobacillus spp. (Fig. 2—
4). Some preparations contained the particles of entero-
sorbents.

The yeast cells, bifidobacteria and lactobacilli were
observed in the animals treated with free cells of the
S. boulardii probiotic (groups 1-3) and a mixtures of
yeast cells with enterosorbents (groups 4-9) to day 12
after treatment and in 5 days after finishing the course.
In 5 days after treatment the number of yeast cells
decreased. In 10 days, the yeast cells in mucin were
absent (Fig. 5).

Throughout the observation period, mucin of animals
of the groups of 10-15 treated with immobilized S.
boulardii cells contained yeast cells, enterosorbent
granules without cells and the ones with immobilized
yeast cells, as well as the bifidobacteria and lactobacilli.
The number of yeast cells in mucin in 10 days after
the therapy end was insignificant.

The research results suggest a more pronounced
therapeutic effect of enterosorbent-immobilized
probiotics if compared to free cells. Studying internal
and external mechanisms of formation and preservation
of intestinal natural bacterial homeostasis revealed that
aggregation of microbial cells into conglomerates
(microcolonies) of different size contributed to a suc-
cessful transfer of eubiotics from an external envi-
ronment to a recipient and subsequent formation of
intestinal microbiocenosis [25].

The conglomerates of microbial cells are formed
due to co-adhesion (immobilization of cells on carriers
which do not originate from living tissues). In biological
aspect the colonies originated from conglomerates,
unlike the clones generated from single free cells, are
characterized by heterogenic population and higher
probability of preserving the viability as a part of the
conglomerate when exposed to damaging physical and
chemical factors [11, 26]. Developed experimental
products of enterosorbent-immobilized probiotics are
also conglomerates with an amount of cells on their
surface capable of reproduction in the local site of
biotope. After adhesion of the carrier-cells complexes
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Tabnuua 4. CogepxaHue Bifidobacterium spp. B NPUCTEHOYHOM MYLMHE TOJICTOM KULLIKM MbILLEN
C XMMMOTepaneBTUYECKUM OUCOMO30M KULLIEYHUKA Mocne BBeaeHUs1 CBoOoaHbIX
1 UMMObMnNu3oBaHHbIX S. boulardii n aHTepocopbeHToB, Ig KOE/T, x + Sx

Table 4. Content of Bifidobacterium spp. in parietal mucin colon of mice with chemotherapeutical intestinal
dysbiosis after injection of free and immobilized S. boulardii cells and enterosorbents, Ig CFU/g, x £ Sx

48 4 nocne 12 10
AHAY KL -e CYTKU -e CYTKU
ancénosa npuema nocne npvema
[lo uHay kLMK (1-6 cyThM npenapartos npenapaTtos
[pynnbl *KMBOTHbIX (BBOAMBLUMECA NpenapaTbl) avcbuosa HabnoaeHnA) J;;;elocg;::) H(aZGZn_; cg:::)
Groups of animals (introduced preparations) Before dysbiosis 48 h post th n th A
induction dysbiosis 12%day of 10" day post
induction treatment (12t treatment (22"
(1% day of day of day of
observation) observation) observation)
HuBoTHble 6e3 neveHua b
Animals without treatment 28+0.3 3,604
1. Ceob6opaHble knetkn S. boulardii b
1. Free S. boulardii cells 3505 4.3+04
2. CBobogHble kneTku S. boulardii,
xpaHusLlmeca npu —80°C 3,3+0,4 4,3+0,3°
2. Free S. boulardii cells, stored at -80°C
3. CBobopaHble kneTku S. boulardii,
XpaHuBLlmeca npu —196°C 3,3+0,6 4,5+0,5°
3. Free S. boulardii cells, stored at -196°C
4. CBobopgHble kneTkn S. boulardii + «CYMC-1» "
4. Free S. boulardii cells + SCMS-1 3.8+04 49+0.3
5. CBoboaHble kneTkn S. boulardii + «Copbekc» b
5. Free S. boulardii + Sorbex 3,8+05 4,9+0.4
6. CBob6oaHble kneTkn S. boulardii,
xpaHuswmeca npn —80°C, + «CYMC-1» 3,8+0,3 4,9+0,3°
6. Free S. boulardii cells, stored at -80°C, + SCMS-1
7. CBoboaHble kneTku S. boulardii,
xpaHusLmeca npu —80°C, + «Copbekc» 3,8+0,3 5,0+0,56°
7. Free S. boulardii cells, stored at -80°C, + Sorbex
8. CBobopaHblie kneTku S. boulardii,
xpaHuswmeca npu —196°C, + «CYMC-1» 3,9+0,4 4,9+0,3°
8. Free S. boulardii cells, stored at -196°C, + SCMS-1
7,6+0,5 2,1+0,4
9. CBobopaHble kneTku S. boulardii,
xpaHuswmeca npn —196°C, + «Copbeke» 3,8+0,5 4,91+0,4°
9. Free S. boulardii cells, stored at -196°C, + Sorbex
10. immobunuaoBaHHble
Ha «CYMC-1» knetku S. boulardii 4,1+0,4 5,3+0,3°
10. Immobilized with SCMS-1 S. boulardii cells
11. immobunuaoBaHHble
Ha «Copbekce» knetku S. boulardii 4,2+0,3 5,3+0,4°
11. Immobilized with Sorbex S. boulardii cells
12. NmmobunusoaHHble Ha «CYMC-1»
kneTtku S. boulardii, xpaHuslumnecs npu -80°C b
12. Immobilized with SCMS-1 43+04 53+03
S. boulardii cells, stored at -80°C
13. UmmobunusoBaHHble Ha «Copbekce»
kneTku S. boulardii, xpaHuswueca npu —80°C b
13. Immobilized with Sorbex 4304 54+03
S. boulardii cells, stored at -80°C
14. immobunusoBaHHble Ha «CYMC-1»
kneTku S. boulardii, xpaHuBwmeca npu —-196°C b
14. Immobilized with SCMS-1 41+05 55+04
S. boulardii cells, stored at -196°C
15. UmmobunusosaHHble Ha «Copbekce»
kneTku S. boulardii, xpaHuewueca npu —196°C b
15. Immobilized with Sorbex 4303 54%0.3
S. boulardii cells, stored at —196°C

MpumeyaHue: ® — CTaTUCTUYECKU 3HAYMMbIE OTNNYUSI MO CPABHEHMIO C AaHHbIMK Ha 12-e cyTku Tepanum (p < 0,05).

Note: ® — statistically significant changes if compared with data on 12" day of treatment (p < 0.05).
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Tabnuua5. Copepxanne Lactobacillus spp. B NPUCTEHOYHOM MyUMHE TOJICTOM KULLKU MbILLEWN
C XMMUOTepaneBTUHECKUM ANCOMO30M KULLEYHMKA Nocne BBEAEHWS CBODOAHBIX
1 MMOBMnNu3oBaHHbIX S. boulardii n aHTepocopbeHToB, Ig KOE/, x + Sx

Table 5. Content of Lactobacillus spp. in parietal mucin colon of mice with chemotherapeutical intestinal dysbiosis
after injection of free and immobilized S. boulardii cells and enterosorbents, Ig CFU/g, x + Sx

48 4 nocne
12-e cyTku 10-e cyTkM
MHAYKUUK
anc6uosa npvema nocne npuema
Lo uHayKuMN {1-e cyTkn npenapaTos npenapaToB
[pynnbl *KMBOTHbIX (BBOAMBLUMECA NpenapaTbl) avcbuosa HabnoaeHnA) J;gj;emcg;::) H(aZGZn-g cg:::)
Groups of animals (introduced preparations) Before dysbiosis 48 h post th n th A
induction dysbiosis 12%day of 10" day post
induction treatment (12t treatment (22"
(1% day of day of day of
observation) observation) observation)
HuBoTHble 6e3 neveHua b
Animals without treatment 2,303 3,0+0.4
1. CBob6oaHble kneTku S. boulardii b
1. Free S. boulardii cells 4.2+04 4.8+04
2. CBobopHble kneTku S. boulardii,
xpaHusLlmeca npu —80°C 4,1+0,4 4,8+0,4°
2. Free S. boulardii cells, stored at -80°C
3. CBobopaHble kneTku S. boulardii,
XpaHuBLlmeca npu —196°C 4,3+0,3 4,9+0,5°
3. Free S. boulardii cells, stored at -196°C
4. CBobopgHble kneTkn S. boulardii + «CYMC-1» "
4. Free S. boulardii cells + SCMS-1 4504 52%0.3
5. CBoboaHble kneTkn S. boulardii + «Copbekc» b
5. Free S. boulardii + Sorbex 46+04 5303
6. CBob6oaHble kneTkn S. boulardii,
xpaHuBmeca npu -80°C, + «CYMC-1» 4,5+0,4 5,4+0,4°
6. Free S. boulardii cells, stored at -80°C, + SCMS-1
7. CBoboaHble kneTku S. boulardii,
xpaHusLmeca npu —80°C, + «Copbekc» 45+0,3 5,3+0,3°
7. Free S. boulardii cells, stored at -80°C, + Sorbex
8. CBobopaHblie kneTku S. boulardii,
xpaHuswmeca npu —196°C, + «CYMC-1» 4,4+0,3 5,3+0,4°
8. Free S. boulardii cells, stored at -196°C, + SCMS-1
8,0+0,4 2,4+0,5
9. CBobopaHble kneTku S. boulardii,
xpaHuswmeca npn —196°C, + «Copbeke» 4,5+0,4 5,4+0,3°
9. Free S. boulardii cells, stored at -196°C, + Sorbex
10. immobunuaoBaHHble
Ha «CYMC-1» knetku S. boulardii 4,9+0,4 5,9+0,3°
10. Immobilized with SCMS-1 S. boulardii cells
11. immobunuaoBaHHble
Ha «Copbekce» kneTku S. boulardii 4,9+0,4 6,0+0,4°
11. Immobilized with Sorbex S. boulardii cells
12. NmmobunusoaHHble Ha «CYMC-1»
kneTtku S. boulardii, xpaHuslumnecs npu -80°C b
12. Immobilized with SCMS-1 49+04 59+03
S. boulardii cells, stored at -80°C
13. UmmobunusoBaHHble Ha «Copbekce»
kneTku S. boulardii, xpaHuswueca npu —80°C b
13. Immobilized with Sorbex 45+03 59+0.3
S. boulardii cells, stored at -80°C
14. UmmobunusosaHHble Ha «CYMC-1»
kneTku S. boulardii, xpaHuBwmeca npu —-196°C b
14. Immobilized with SCMS-1 50+04 6.0+0.4
S. boulardii cells, stored at -196°C
15. UmmobunusosaHHble Ha «Copbekce»
I - °
kneTku S. boulardii, xpaHuewueca npu —196°C 5,1+0,4 6,2+0,5

15. Immobilized with Sorbex
S. boulardii cells, stored at —196°C

MpumeyaHue: ® — cTaTUCTMYECKM 3HAYMMbIE OTIIMYUSI MO CPABHEHMIO C AaHHbIMK Ha 12-e cyTku Tepanum (p < 0,05).

Note: © — statistically significant changes if compared with data on 12" day of treatment (p < 0.05).
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OMOTBHI PUCTEHOYHOTO CJOS TOJICTOMH
KHIIIKH — HAJTMYHE B TIOJIC 3pEHUSI eJHNY-
HBIX TPAMITONIOKUTENBHBIX ¥ IPAMOTpPHUIIA-
TEIbHBIX MHUKPOOHBIX KJIETOK Pa3HOTo
CTPOEHUSI ¥ HEOOJBILIOE KOMUYECTBO CIIU3H
(puc. 1). Mukpockonnieckue mpenaparsl
MyI[MHA TOCIIe Teparnuu HATUBHBIMH U
XpaHUBLIUMHUCS IIpuU TemiepaTtype —80 u
—196°C kneTkaMu He OTINYAIUCh, II03TO-
My Jaliee MPUBOJSATCS TAHHBIE ISl Kiie-
TOK, KOTOpBIE XpaHmich mpu —80°C .

B MyuuHe TOJICTOW KHUILIKH MBIIIEN
rpynn 1-15 #a 12-e cyTkm mpuema
npemnapaTtoB (22-¢ CyTKM HaOJIOIEHUS)
OTMEUalld YBEITHYCHUE KOJNMYECTBA KIle-
TOK, TI0 MOP(OJIOTHH CXOTHBIX C KJICTKAMU
Bifidobacterium spp. u Lactobacillus
spp. (puc. 2—4). B HeKoTOpHIX mpenapa-
Tax MPHUCYTCTBOBAIU YACTHIIBI DHTEPO-
COpOEHTOB.

VY KHMBOTHBIX, IMOJYYaBITUX CBOOO/-
HbIEe KJIETKH npobuotuka S. boulardii
(rpynmet 1-3) 1 cMecu APOXIKEBBIX KIle-
TOK ¢ 3HTepocopOeHTamu (Tpyrsl 4—9),
Ha 12-¢ CyTKH Tepanmuu U 4epe3 5 CyToK
mocje OKOHYaHHS Kypca HaOiromatu
JPO>KKEBBIE KIISTKH, KJIETKH Onuao- uim
nakTobakTepuii. Uepe3 5 cyTok mocie
OKOHYAHUS JICUCHUSI KOTMUECTBO JIPOKIKE-
BBIX KJIETOK yMeHbLImiIoch. Yepes 10 cy-
TOK JIPOMOKEBBIC KJIETKU B MYIIUHE OTCYT-
cTBOBaNU (pHC. 5).

B mMynune xuBoTHBIX rpymn 10-15, mo-
JyYaBIIUX MpernapaThl IMMOOUIIN30BaH-
HBIX KJIETOK S. boulardii, Ha IPOTSHKESHUH
BCEr0 CPOKa HaOIIOJACHHUN BBISBIISIIUCH
JPOXKIKEBBIE KIJIETKH, TPaHyJIbl SHTEPOCOp-
OeHTOB 0e3 KIIETOK U ¢ UMMOOMIM30BaH-
HBIMHU JIPO’KKEBBIMH KJIETKAMH, & TAKKe
KJIETKH OM(pUI0- WIN JaKTOOAKTEpUH.
KonuyecTBo TpOskiKEBBIX KIETOK B MYIIH-
He uepe3 10 cyTok mocie OKOHYaHUS
Kypca Tepanuu OblJI0 HE3HAYUTEIbHBIM.

Pe3ynbrarhbl HCCleOBaHUS TTO3BOJISIIOT
clenaTh BBIBOJ O OoJjiee BBIPaKEHHOM
TEPaINeBTHYECKOM JICHCTBUHN UMMOOHIIH-
30BaHHBIX Ha YHTEPOCOPOCHTAX MPOOUO-
THKOB 110 CPABHEHHIO CO CBOOOIHBIMHU

Puc. 1. MyuMH TONCTOW KWULIKM Mbllen: A — A0 MHAYKUUKM Anucbuoasa;
B — nocne uHaykummn gmucbuosa. x400.

Fig. 1. Murine colon mucin: A — before dysbiosis induction; B — after
dysbiosis induction. x400.

Puc. 2. MyuuH TONCTOW KULLKM Mblllen ¢ aucbrnos3om nocrne Tepanuu
npenapaTtamu cBoboaHbix knetok B.bifidum (B) n L. bulgaricus (L),
xpaHuBwummncsa npyn —80°C: B1, L1 — 12-e cyTku Tepanun; B2, L2 —
yepes 10 cyTok nocne okoH4aHusa Tepanuu; x400.

Fig. 2. Colon mucin of mice with dysbiosis after treatment with prepara-
tions of free cells B. bifidum (B) and L. bulgaricus (L), stored at —-80°C:

B1, L1 - day 12 of therapy; B2, L2 — in 10 days after therapy end; x400.

kineTkamu. [Ipy u3ydeHWH BHENIHWX U BHYTPEHHHUX
MeXaHU3MOB (DOPMUPOBAHUS M COXPAHEHUS €CTECT-
BEHHOTO 0aKTEepPHAITLHOTO TOMEOCTa3a KHIIEYHHUKA yC-
TaHOBJICHO, YTO YCIIEIITHOMY ITEPEHOCY 9yOHOTHUKOB 13
BHEIIHEH Cpelbl PEIUNHEHTY U MOCISIYIOIIEMY
(hOpMUPOBAHUIO KHUIIIEYHOTO MUKPOOHOIIEHO3a CIIO-
COOCTBYET arperupoBaHre MUKPOOHBIX KJIIETOK B pa3-
HEIE TI0 pa3Mepy KOHIIIOMePaThl (MUKPOKOJIOHUH) [9].
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to the intestinal mucosa the microcolonies are formed
with a specific architecture: probiotic cells — entero-
sorbent granule — mucin — epithelium. During the
reproduction the probiotic cells colonize the adjacent
mucosa areas. In the adhesion sites of the complexes
their metabolites are accumulated which inhibit the
growth of opportunistic pathogenic and pathogenic
microflora, and intra- and inter-species cooperative
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U3BecTHO, YTO KOHITIOMEPAaThl MHUK-
POOHBIX KJIETOK (POPMHUPYIOTCS 32 CUET
KO- MJIM COAATe3UHN (MMMOOUIN3aIHs Kie-
TOK Ha HOCHUTEJNSAX, HE SBIAIOLINXCS
CTPYKTYPHBIMH KOMITOHEHTAMH JKHBBIX
TKaHel). B Ononornyeckom miaHe oopa-
30BaHHBIEC U3 KOHITIOMEPATOB KOJIOHUH, B
OTIIMYUE OT KJIOHOB, MPOUCXOASIINX OT
€IMHUYHBIX CBOOOIHBIX KJIETOK, XapaKTe-
PHU3YIOTCS TETEPOTeHHOCTHIO TOMYIISIIIHH
1 0oJbLICH BEPOSITHOCTBIO COXPaHEHUS
KHU3HECTIOCOOHOCTH ITPU BO3JEHCTBUH I10-
BPEXKIAOMINX (PU3UKO-XUMUIECKHX (DaK-
TOPOB B cocTaBe KoHrmomepara [9, 20].
Pa3pabGoTaHHBIE SKCIEPUMEHTAIbHbIE
npenaparsl IMMOOWIM30BaHHBIX HA SHTEPO-
copOeHTax MPOOUOTHUKOB TAKKE SIBIISIOT-
Csl KOHIJIOMEpaTaMH, B KOTOPBIX Ha TO-
BEPXHOCTH HOCHUTEJIEH HAXOIUTCS 1032
KJIETOK, CITOCOOHBIX K PENpOIyKIHH B
JIOKaTbHOM yuacTke 6uoromna. [Tocne an-
re3UH KOMIUIEKCOB «HOCHTENh-KIETKI
K CIIM3MCTON KHIICYHUKA (POPMHUPYIOTCS
MHUKPOKOJIOHHH CO CHIEUU(HYECKON apXH-
TEKTOHHUKOM: KJIETKH NMPOOUOTUKOB —
rpaHyia SHTepocopOeHTa — MyLIH — 3TIH-
Tenuit cnuzuctol. [1o mepe penpoaykimu
KJIETKH TMPOOUOTHKOB 3aCENsIOT Mpuiie-
ralouiMe y4yacTKu CIU3UcTOM. B 30HE
aAre3ny KOMILUIEKCA HAKaIUTMBAIOTCS MX
MeTaOOoINTHI, TOJABIISIONINE POCT yCIIOB-
HO-ITATON€HHOH 1 MATONeHHOM MUKPOQIIOPHI,
Y YCTaHABIMBAIOTCS BHYTPH- M MEKBH/IO-
BbIE KOOTNEPATUBHBIE CBSI3M C APYTUMHU
9yOMOTHYECKHMH COUJIEHAMHU KUILIEYHOTO
MuKpobOuonenosa. [lo mepe ocBoboxkE-
HUS OT MMMOOWJIM30BaHHBIX KIIETOK IIPO-
OMOTHKOB PHTEPOCOPOEHT MOXKET pealu-
30BaTh M IETOKCUKALMOHHYIO QYHKLHUIO,
aicopOrpys 3 KUIIEYHNKA TOKCHHEL. Bee
MePEeYNCICHHBIE MPOLECCH CIIOCOOCT-
BYIOT BOCCT@HOBJICHHIO MOIYJISIINH IIEHO-
6uonTos. [Ipu 3TOM peusr HE HIET O ce-
JIEKTUBHOM 3aCeJICHUH MYIIIHA IITaMMa-
MH TIPOOHMOTHKOB, KOTOPHIE BBOAIIIHA B
KHLIEYHHK. B skcnepuMenTax ¢ mpoOuo-
tukamu B. bifidum w L. bulgaricus (cm.
Taba. 1, 2) MBI HE UMEIN TEXHUYECKOH
BO3MOKHOCTH HACHTU(UIIUPOBATEH BUIBI
U mTaMMbl Ouduao- mim TakTobakTepuit
13 OMONTATOB CIM3UCTOM >KMBOTHBIX
gyepe3 10 cyTok mociie OKOHYaHUS Tepa-
nuu. [omynsiimu Bifidobacterium spp. n
Lactobacillus spp. MOTYT BOCCTAaHOBUTB-
Cs1 33 CUET KaK BBOAMMBIX TAMMOB, TaK
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Puc. 3. MyuuH TONCTON KULLKN MbIWEN C AUCOMO30M Mocre Tepanuu
CMECSIMU SHTEPOCOPOEHTOB U KNeToK, XpaHusLumxcsa npu —80°C : B1 —
B. bifidum +«Copbekcy» (12-e cyTku Tepanun); B2 — B.bifidum + «Cop-
bekc» (4epes 10 cyTok nocne okoH4aHus Tepanun); B3 — B. bifidum +
«CYMC-1» (12-e cyTku Tepanun); B4 — B. bifidum + «CYMC-1» (4epes
10 cyTok nocne okoH4aHust Tepanun); L1 — L. bulgaricus + «Cop6ekc»
(12-e cyTku Tepanun); L2 — L. bulgaricus + «Cop6ekc» (4epes 10 cyTok
nocne okoH4aHust Tepanun); L3 — L. bulgaricus + «CYMC-1» (12-e
cyTku Tepanun); L4 — L. bulgaricus + «CYMC-1» (4epe3 10 cyTok nocne
OKOH4YaHus Tepanun); x400.

Fig. 3. Colon mucin of mice with dysbiosis after treatment with mix-
tures of enterosorbents and the cells stored at —-80°C: B1 — B. bifidum
+ Sorbex ( day 12 of therapy); B2 — B. bifidum + Sorbex (10 days later
the therapy end); B3 — B. bifidum + SCMS-1 (day 12 of therapy); B4 —
B. bifidum + SCMS-1 (10 days later the therapy end); L1 — L. bulgaricus
+ Sorbex (day 12 of therapy); L2 — L. bulgaricus + Sorbex (10 days later
the therapy end); L3 — L. bulgaricus + SCMS-1 (day 12 of treatment);
L4 — L. bulgaricus + SCMS-1 (10 days later the therapy end ); x400.
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Puc. 4. MyuunH TONCTOM KWULWIKN MbllLen C
aucbuosom nocne Tepanuu npenaparamu
nNpoBbMOTNKOB, MMMOOMM3OBAHHBLIX HA 3HTE-
pocopbeHTax: B1 — B. bifidum — «Cop6ekc»
(12-e cytku Tepanun); B2 — B. bifidum — «Cop-
6ekc» (4epe3 10 cyTok nocne oKoOH4YaHus
Tepanuu); B3 — B. bifidum — «CYMC-1» (12-e
cyTku Tepanun); B4 — B. bifidum — «CYMC-1»
(4epes 10 cyTok nocne oKoOHYaHUs Tepanuu);
L1 — L. bulgaricus — «Copbekc» (12-e cyTkn
Tepanuun); L2 — L. bulgaricus — «Copbekc»
(4epes 10 cyTOK Nocne okoH4Ya-HUSi Tepanumn);
L3 — L. bulgaricus — «CYMC-1» (12-e cyTku
Tepanuun); L4 — L. bulgaricus — «CYMC-1»
(4epes 10 cyToOK NOCne OKOHYaHWsA Tepanum);
x400.

Fig. 4. Colon mucin of mice with dysbiosis
after therapy with probiotics immobilized on
enterosorbents: B1 — B. bifidum — Sorbex
(day 12 of therapy); B2 — B. bifidum — Sorbex
(10 days later the therapy); B3 — B. bifidum —
SCMS-1 (day 12 of therapy); B4 — B. bifidum —
SCMS-1 (10 days later the therapy end); L1 —
L. bulgaricus — Sorbex (day 12 of therapy);
L2 — L. bulgaricus — Sorbex (10 days later the
therapy); L3 — L. bulgaricus — SCMS-1 (day
12 of therapy); L4 — L. bulgaricus — SCMS-1
(10 days later the therapy); x400.

Y IPYTUX BUOB 3TUX OAKTEPUIA, KOTOPBIEC COXPAHHIIIChH
B KUIIIEYHUKE MOCIIE HHAYKIUH qrcOnosza. CyriecTByer
Jpyroii 0osiee BEpOsITHBIN BapHAHT, I10CKOJIBKY IIEHO-
OMOHTHI (TIPEACTABUTEIN ayTOMHKPOIOPHI) HMEIOT
0O0JIbIIIC MPEUMYIIECTRB IPH YCTAaHOBJICHUH CUMOHOTH-
YEeCKUX OTHOIICHUH ¢ opranmMom xo3sura [10, 21, 22].

Hposxu S.cerevisiae He OTHOCATCS K MUKPOOHOTE
TETJIOKPOBHBIX )KHUBOTHBIX U HE CITOCOOHBI T €3UPO-
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relationships are established with other eubiotic co-
members of intestinal microbiocenosis. With the release
of immobilized cells of probiotics the enterosorbent
could realize its detoxification function as well, by
adsorbing toxins from the intestines. All these proces-
ses contribute to the restoration of cenobiont popula-
tions. Nevertheless, there is no selective populating of
mucin with the strains of probiotics which were
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Puc. 5. MyunH TONCTOM KWULIKWA MbIEN C
aucbuosom nocne Tepanuu npenaparamu
S. boulardii, MMOBMNN30BaAHHLIX HA 3HTEPO-
copbeHTax nocrne xpaHeHus npu —80°C : 81 —
S. boulardii — «Copbekc» (12-e cyTku
Tepanuun); 82 — S. boulardii — «Copbekc»
(4epe3 5 cyTok nocrne oKOHYaHWs Tepanumn);
83 - S. boulardii — «Copbekc» (Yepe3 10 cyTok
rnocne okoH4YaHus Tepanuu); S4 — S. boular-
dii— «CYMC-1» (12-e cyTkun Tepanun); S5 —
S. boulardii— «CYMC-1» (4epes 5 cyTok noc-
ne okoH4aHus Tepanun); S6 — S. boulardii —
«CYMC-1» (4epe3 10 cyTok nocrne oKoH4YaHus
Tepanun); x400.

Fig. 5. Colon mucin of mice with dysbiosis
after therapy with S. boulardii preparations,
immobilized on enterosorbents after storage
at —80°C: 81 — S. boulardii — Sorbex (day 12
of therapy); S2 — S. boulardii— Sorbex (5 days
later the therapy end); 83 — S. boulardii —
Sorbex (10 days later the therapy end); S4 —
S. boulardii — SCMS-1 (day 12 of therapy);
S5 — S. boulardii — SCMS-1 (5 days later the
therapy end); S6 — S. boulardii — SCMS-1 (10
days later the therapy end); x400.

BaTh K CIM3UCTON Kkuimewynwka [26, 27, 31], omHako
KIMHAYECKas dPPEKTUBHOCTh MX MPUMEHEHHS IS
JIeYEHUsI psifia TATOJIOTHI B3POCIBIX U OCTPHIX racT-
POPHTEPUTOB, a TAKXKE IPEAOTBPALICHUS] aHTHOMOTHK-
CBSI3aHHOM Mapen y JeTel onrcaHa B psae UCCIen0-
BaHUM U MeTaaHanuzax [25, 26, 30]. [Ipumenenue
S. cerevisiae pexomengoBaHo EBponeiickum oOriect-
BOM JETCKOW TracTPOIHTEPOJOTHH, TeaTOJOTUN H
nutanusi (ESPGHAN) u EBpomneiickuM obmiecTBoM
neTckux nHbeknuit [31].

B nannoii paboTe mokazaHo, 9TO BBEICHUE KUBOT-
HBIM C SKCIIEPUMEHTAIBHBIM JTUCOM030M CBOOOTHBIX
kiaeTok S.boulardii, cMmeceli ¢cBOOOIHBIX KJIETOK C
SHTEPOCOPOSHTAMH U KIIETOK, HIMMOOMIIM30BaHHBIX Ha
AHTEPOCOPOEHTAX, CIIOCOOCTBOBAIO MOBLIMICHUIO B
MYLHHE KoJu4yecTBa OMpHUIO- U TakTOOaKTEepHil
(cm. Tabm. 4). [Ipu 3Tom Ha 22-¢ CyTKH HAOTIONEHUS
KOHLIEHTpauusi 0uduno- uim nakrodakrepuid ObliIa
Onm3Ka K 3HaYeHUSIM A0 (HOpMHUPOBaHUS AUCOMO3A.
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introduced into the intestine. In the experiments with
B. bifidum and L. bulgaricus probiotics (see Table 1
and 2) we had no technical possibilities to identify the
species and strains of bifidobacteria or lactobacilli in
the mucosal biopsies of the animals 10 days later the
end of therapy. The populations of Bifidobacterium
spp. and Lactobacillus spp. could recover both due
to the strains introduced and as well as other types of
bacteria surviving in the gut after dysbiosis induction.
The second option is more likely because cenobionts
(automicroflora representatives) have more advan-
tages in establishing a symbiotic relationship with the
host body [14, 15, 17].

S. cerevisiae yeasts are not referred to microbiota
of homoiothermal animals and are not able to adhere
to intestinal mucosa [12, 13, 27], but their clinical
efficacy during treatment of several pathologies in
adults, as well as acute gastroenterites and prevention
of antibiotic-associated diarrhea in children is described
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B pabote Taxxe oTMeUeHa PO KOMILIEKCOB «HOCH-
TEJTh-KJIETKN» KaK JIETO «TPAH3UTOPHOT0» IPOOHOTH-
Ka, KOTOPBIM SIUMUHUPYET U3 KUIICUYHUKA depe3
oTIpeIeJICHHOE BpeMsI TIOocie BBeACHMsI. KOMITIEKCHI
aAre3UPYIOT K MYLIUHY CITU3UCTON 000I0UKH TTOBEPX-
HOCTBIO HOCUTENS. B 3TOM NOKyce MUKPOKOIOHUS
JPOKIKEBBIX KIIETOK, IMMOOWIIN30BaHHBIX HA HOCHUTE-
e, bnaroapsi CBOUM CIieIUPHIECKUM CBOUCTBaM [29]
MO/AABJISET YCIOBHO-NATOT€HHYIO U MATOT€HHYI0 MUK~
podIopy, CO3MAET YCIOBUS IS 3aCEIICHUS CIIU3UCTOM
OuduI0- WM JaKTOOAKTEPUSIMH U UX JajbHeHIeH
penpoaykiuu. [loa neicTBUEM MPOABUTAIOIIETOCS 110
MIPOCBETY KUIIIEYHUKA XMMYCa IIPOUCXOIUT ACCOPOITHS
JIPOMKKEBBIX KIIETOK C HOCHTEIIEH U IMTOCIIeIYIONMas HX
snmumuHaIsA. OO0 3TOM CBUACTEIBCTBYET CHUKCHUE
KOHIIEHTPAITNU APOXIKEBBIX KIETOK depe3 10 cyTok
mocJjie OKOHYaHus Kypca Tepanuu Ha 2,8-3,1 /g KOE/r
B MyLIHE )KUBOTHBIX rpymnn 10-15.

XpaHeHue MpenaparoB MPU TEMIIEPATYPHBIX PEKU-
max —80 u —196°C He BIUAET HA KOJOHU3ALMOHHBIE
cBolicTBa Ouuao-, 1akTOOaKTEpUi U CIIOCOOHOCTH
HOCHUTEIEH-IHTEPOCOPOSHTOR a/Ir€3UPOBATH K CITU3UC-
TOH KUIeYHNKa. B oTimame oT mpemapaTtoB cBOOOI-
HBIX KJIETOK MPOOMOTHUKOB W YACTHUI[ WIH TPaHYJ
SHTEPOCOPOCHTOB KOMIUIEKCHI «HOCHTETh-KICTKH»
MIPEACTABISIIOT COO0M KaueCTBEHHO HOBBIM IIPETapar,
HMEINN npeumymecTsa npu BeeaeHuu B JKKT.
JlanHbIC MCCIIENOBAaHUS MOTYT OBITh HCIIOTH30BaHbI
B pa3pabOTKe HOBBIX KJIACCOB KOMMEPUYECKUX Ipera-
pPaToB MPOOHUOTHKOB.

BroiBoabI

[Ipenapars! IpOOHOTUKOB, UMMOOHIM30BaHHBIX Ha
SHTEepocopOeHTax, o0ecrieunBarT Ooee OBICTpoe U
[IOJTHOE BOCCTAHOBJICHUE MOMYJSIUHA [eHOOHOHTOB
Bifidobacterium spp. u Lactobacillus spp. y )uBoT-
HBIX C OKCTIIEPUMEHTAILHBIM JIUCOM030M KUIICYHHKA
0 CPaBHEHUIO C IpenapaTaMy CBOOOIHBIX KICTOK H
cMmecell CBOOOJHBIX KIIETOK C DHTEPOCOPOCHTAMH.
BripakeHHbI# TepaneBTHIecKuid 9QHEKT IMMOOWITH-
30BaHHBIX HA YHTEPOCOPOEHTaX MPOONOTHUKOB CBA3AaH
C T€M, YTO OHH IIPEICTABIISIOT COO0I KOHITIOMEPATHL,
B KOTOPHIX Ha MOBEPXHOCTHU HOCHUTENS HAXOAUTCA
pEeNpoOoyKTHBHAs 03a KiIeToK. KoMmmiekcsl «Hocu-
TEJIb-KICTKU» are3upyloT K MYLHHY CIU3UCTOH, a
c(hopMHUPOBaABIINECS B ATHUX JIOKYCaX MUKPOKOJIOHUN
MPOOUOTUKOB CO3JAIOT YCIIOBHSI, HEOOXOOUMBIE IS
BOCCTAHOBJICHUS TIOMYJISILINI [IECHOOMOHTOB.

Xpanenne npu remmneparype —80, —196°C B Teue-
HUE rojia He BIHIO HA KOJIOHW3alMOHHBIE CBOWCTBA
Oakrepuii B. bifidum, L. bulgaricus u Ha cmoco0-
HOCTh Apoxoket S.boulardii Kk IepcUCTEHIUU B My-
LIMHE CIM3UCTON. J[aHHBIE TEMIIEPATYPHBIE PEKUMBI
MO>KHO MCIIOJI30BATh JUIS IOJITOCPOYHOI0 XPaHEHHS
KUIKUX (POPM IMTPOOUOTHYECKUX ITPernapaToB, UMMOOH-
JIN30BAaHHBIX HA COPOEHTAX.
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in several studies and meta-analyzes [10, 12, 21]. Appli-
cation of S. cerevisiae is recommended by the Euro-
pean Society of Pediatric Gastroenterology, Hepatology
and Nutrition (ESPGHAN) and the European Society
for Paediatric Infectious Diseases [27].

This study demonstrates that the animals with
experimental dysbiosis treated with free S.boulardii
cells, mixtures of free cells with enterosorbents and
the ones immobilized on enterosorbents had an increa-
sed amount of bifidobacteria and lactobacilli in mucin
(see Table 4). The concentration of bifidobacteria or
lactobacilli to observation day 22 was close to the va-
lues prior to the dysbiosis formation. The carrier-cells
complexes served also as as a depot of ‘transient’ pro-
biotic, leaving the intestine in a certain time after
introduction. The complexes adhered to the mucous
membrane mucin by the carrier surface. Due to its
specific properties [19] the microcolony of yeast cells
immobilized on a carrier, suppressed opportunistic
pathogenic and pathogenic microflora, provided the
conditions for populating mucosa with bifidobacteria
or lactobacilli and their subsequent reproduction. Under
the influence of chyme advancing through the intestine
lumen there was a desorption of yeast cells from the
carriers and their following elimination. This was evi-
denced by a reduced concentration of yeast cells
10 days later the therapy end by 2.8-3.1 /g CFU/g in
mucin of the animals of groups 10-15.

Storage of the products at temperatures of —80 and
—196°C did not affect the colonization properties of
bifidobacteria, lactobacilli and the ability of the carriers-
enterosorbents to adhere to intestinal mucosa. Unlike
the preparations of free cells of probiotics and particles
or granules of enterosorbents the carrier-cells comple-
xes are a novel medical prodcut providing the benefits
when administered into a digestive tract. These studies
can be used when developing new classes of probiotic
commercial products.

Conclusions

The preparations of probiotics immobilized on
enterosorbents provide a rapid and complete recovery
of Bifidobacterium spp. and Lactobacillus spp.
cenobiont populations in animals with experimental
intestinal dysbiosis compared to the preparations of
free cells and the mixtures of free cells with entero-
sorbents. A significant therapeutic effects of enterosor-
bent-immobilized probiotics is due to the fact that they
are conglomerates representing a carrier with a
reproductive dose of cells on its surface. The carrier-
cells complexes adhere to mucosal mucin and the
microcolonies of probiotics formed in these loci provide
the conditions which are necessary for the recovery
of cenobiont populations.

Storage at —80, —196°C for one year did not affect
the colonizing properties of B. bifidum, L. bulgaricus
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bacteria and the ability of the S. boulardii yeast to
persistence in the mucosa mucin. These temperature
conditions can be used for long-term storage of liquid
forms of sorbent-immobilized probiotic preparations.
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