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Comparative Study of Influence of Cryopreservation Regimens on Free
and Immobilized Cells of Saccharomyces boulardii Probiotic

npOBe}leHO CPaBHUTEJIBHOC M3YUYCHHUC BJIUSHUSA PEIKUMOB OXJIAXKIACHUSA U COCTaBa KOHCEPBHUPYIOIIUX CPpEI Ha CBOGO)IH])IC u
MMMOOMIIN30BaHHbIE HAa YHTEPOCOPOCHTAX KIETKU mpobuotuka Saccharomyces boulardii. YcranoBieHo 6oJjiee BBICOKYIO
YKU3HECTIOCOOHOCTH CBOOOIHBIX KIIETOK IPOXIKEH MPH BCEX PEXKUMaX KPHOKOHCEpBUPOBaH¥st. COXpPaHHOCTh KOMIIJIEKCOB «HOCHTEITb-
KJICTKIY OblIa 3HAUHUTENBHO HIKe. OXITaX/ICHHE CO CKOPOCTBIO 1 rpai/MHH 00ecIieurBacT MaKCUMAJIbHYO KH3HECTIOCOOHOCTh CBOOOHBIX

Y IMMOOMIM30BAaHHBIX KJIETOK.

Knrouesvie cnosa: mpoOMOTHKH, KPHOKOHCEPBUPOBAHNE, IMMOOMIH3AIINS HA SHTEPOCOPOCHTAX.

[poBeneHo nopiBHsUTbHE BUBYCHHS BIUIUBY PEXKHUMIB OXOJIOMKEHHS 1 CKJIaly KOHCEPBYIOUMX CEPEeOBHILL Ha BUIbHI Ta IMMOO1Ti30BaHi
Ha CHTEPOCOPOCHTAX KITUHU mpobioTuka Saccharomyces boulardii. BctaHoBieHa O1bIII BUCOKA KUTTE3MATHICTD BITbHUX KIIITHH
JPIXKKIB IPU BCIX pEKUMaX KPIOKOHCEPBYBaHHs. 30epeKEHICTh KOMIUICKCIB «HOCIH-KITITHHIY Oyiia 3HaYHO HUXKY0F0. OXOJIOMKCHHS
31 mBHAKiCTIO 1 rpaj/xB 3a0e31edye MaKCUMalIbHY XXUTTE3AaTHICTh BUIBHUX 1 IMMOO1II30BaHUX KIIITHH.

Knrouoei croea: npodioTHKH, KPIOKOHCEPBYBaHHS, IMMOO1Ti3allis HA EHTEPOCOPOCHTAX.

The influence of cooling regimens and preserving media composition on Saccharomyces boulardii probiotic free cells and those
immobilized on enterosorbents, was comparatively studied. The preservation of higher viability of free yeast cells was established
after application of all the cryopreservation regimens. The viability of ‘carrier-cells’ complexes was much lower. Cooling with
1 degree/min rate provided the maximum viability for free and immobilized cells.

Key words: probiotics, cryopreservation, immobilization on enterosorbents.

Bcnenctrie COBpeMEHHOTO PUTMA U YCIIOBHUH KH3-
HHU YEJIOBEKA pa3BUBAIOTCS TaK HA3bIBaEMBIC O0JIC3HU
[UBWJIM3AITUH, OTHOHN U3 KOTOPBIX SIBIIIETCS TUCOMO3
KHIIICYHUKA — KIIMHUKO-TTA00PaTOPHBIN CHHAPOM, CBSI-
3aHHBIH ¢ U3MEHEHUEM Ka4eCTBEHHOI'O W/WJIA KOJIH-
YECTBEHHOTO COCTaBa MUKPOOHMOIIEHO3a, TPAHCIIO-
Kaluel pa3IudHbIX €ro NpeACTaBUTENIeH B HECBOUCT-
BEHHBIE OMOTOIIBI, META00TMYECKUMUA 1 IMMYHHBIMU
HapyIICHUSIMH, COMMPOBOXIAOIIUMUCS Y YacTH Ta-
LUEHTOB KJIMHUYEeCKUMU cumnTomMamu [10].

BaxxHbIM 3B€HOM B JICUEHUU AUCOMO3a SBISETCS
HCIIONTb30BaHME MPOONOTHKOB U DPHTEPOCOPOEHTOB [§].
[IpumeHeHre MPOOHUOTUKOB 00YCIOBICHO MX 3aIUT-
HBIM JIEUCTBUEM I10 OTHOIICHUIO K UY>KEPOIHOM MaTo-
TE€HHOU U YCJIOBHO-ITATOT€HHOW MUKPO(IIOpE 3a CUeT
pa3IUYHBIX MeXaHu3MOB. OHU MPSMO KOHKYPHUPYIOT
C Hell 3a muTaTeabHbIe CyOCTpaThl U CAMTHI a/Ire3uH,
NPOAYLUUPYIOT COCIUHEHMUS], TIOJIaBIIAIONINE €€ POCT
(mepekuch Bomopona, KOPOTKOLICTIOUEUHBIE KUPHBIE
KHCJIOTBI, MOJIOYHYIO KHCIIOTY, TUPOTITItoTamar). MHo-
rUe MTaMMbl TPOOUMOTHKOB BBIpAOATHIBAIOT OaKTe-
PHUOILIMHEI — aHTHOAKTEpHUAIbHBIC BEI[ECTBA, KOTOPHIC
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Due to an contemporary life rhythm and conditions
the human suffers from so-called civilization diseases,
one of which is intestinal dysbiosis, representing a cli-
nical and laboratory syndrome, associated to a changed
qualitative and/or quantitative composition of micro-
biocenosis, translocation of its different representatives
into unusual biotopes, metabolic and immune disorders,
accompanied by clinical symptoms in some patients
[10].

An important link in dysbiosis treatment is the use
of probiotics and enterosorbents [8]. The application
of probiotics is stipulated by their protective effect
against the foreign pathogenic and opportunistic patho-
genic microflora by involving different mechanisms.
They are in a direct competition for nutrient substrates
and adhesive sites, produce substances, which suppress
pathogenic development (oxygen peroxide, short-chain
fatty acids, lactic acid, pyroglutamate). Many probiotic
strains produce bacteriocins, i. e. antibacterial sub-
stances, supressing growth of other microbes as well.
This ability is highly inherent to representatives of Ente-
rococcus and Lactobacterium genera. Probiotics cau-
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TaKk)Ke YTHETaI0T POCT APYTUX MUKPOOOB. DTOH cIio-
COOHOCTBIO B BHICOKOH CTETIEHH 00J1a/1al0T MpecTa-
BUTENHN poaoB Enterococcus n Lactobacterium. Ilpo-
OMOTHKM OKa3bIBAIOT TAKXKE MPSIMOE aHTHTOKCHYEC-
KO€ JIEHCTBUE — HEUTPAINU3YIOT IIUTO- U SHTEPOTOK-
CHUHBI BUpPYcOB U Oaktepuil. Tak, B uccieqoBaHuu
D. Czerucka [14] Obu10 TOKa3aHO YMEHBIICHUE CEK-
peuny HaTpus U BOZBI, a TAK)Ke CHUKEeHue o00pa3oBa-
st TAM® B KuIIeuHKE OOJIEHBIX OCTPOi HHDEKITHOH-
HOH aumapeeit mocne npuema S. boulardii. Haubonee
CHJIbHOE MPSIMOE aHTUMHUKPOOHOE M aHTHTOKCHYECKOE
JieiicTBUE OBUIO BBISIBIICHO Y KOHKYPEHTHBIX MPOOHO-
TuKOB S. boulardii v Bacillus subtilis [19]. Anre3us
K KHIIEYHOMY DTUTEIHNIO — OJHO U3 Ba)KHEHUITUX
CBOUCTB poOMOTHKOB. OHU MIPUCOETUHSIOTCS K STTH-
TEJINIO C TOMOIIBIO ITTMKOKOHBIOTHPOBAHHBIX peLien-
TOPOB, 00€CIEYNBAIOT KOJIOHM3ALMOHHYIO PE3HUCTEHT-
HOCTB, IPETSTCTBYIOT aJIT€3U1 U MHBAa3U1 IATOTCHOB.
Ha xynpType xononouuros Caco2 [13] 66110 okasaHo,
YTO HBBIE IITAMMBI IPOOHOTUKOB aAre3UPYIOT K AU~
TEJIMIO ¥ TEM CaMBIM: YKPEIUISIOT IUTOCKENIET HHTeC-
THHAIBHBIX SMMUTEIHOIUTOB (YCHIHBAIOTCS IKCIIPeC-
cus TportomMuosrHa TM-5, cHHTE3 aKTHHA U OKKITIO3U-
HAa); YMEHBIIIAIOT IPOHHUIIAEMOCTH (TIOBBIIIaeTcs poc-
(hoprpoBaHye OETKOB MEKKIICTOUHBIX COSTMHEHNN );
MTOBBIMIAIOT CHHTE3 MYIIMHA (CTUMYJISIUS TeHa muc-3);
CTHUMYJIHMPYIOT CHHTE3 U aKTUBAIMIO PELeTITopa dIH-
TEJIMANBHOTO (haKTOpa POCTa M yBEITUUNBAIOT CHHTE3
TOPMOHOIIOAOOHBIX BELIECTB — [TOJIMAMHUHOB, KOTOPBIE
YCHUJIMBAIOT MPOLIECC PEreHePaLlH SITUTEIHS.

Brleonucannbie MeXaHU3MBbI CLIOCOOCTBYIOT HO-
BBILLICHHUIO 321U THBIX CBOWCTB KUILIEYHOTO SIIUTEIHSL.
[ToM1MO 3aIIUTHBIX CBOWCTB IPOOMOTHKH BHITIOTHSIOT
aurecTuBHYIO QyHKuio [10].

Ha coBpemenHOM (papMarieBTHIeCcKoM phIHKE MPe-
CTaBJICHBI pa3InNYHbIC KOMMepUecKkrue GOopMbI Tiperna-
paToB MPOOUOTHKOB: CyXHeE, U3TOTOBJICHHBIE CIIOCOOOM
TETUTOBOM CYIIKHU VT JINO(PHUITM3ALIH, A TAKKE KUIKUE —
B POCTOBO# Wiy 3amuTHOM cpeme [11, 12, 18].

[Ipu pazpaboTke HOBBIX (OPM UMMYHOOHOJIOTHU-
YECKUX MIpenapaToB U OMOJIOTHYECKH aKTUBHBIX 100a-
BOK 0c000€ BHUMaHHE yAEseTcs HMMOOHIN30BaH-
HBIM Ha/B pa3IMYHbIX HOCUTEISX IpernapaTtaMm MUKpO-
OpraHu3MoB U X MeTaboauToB. [lockonbKy mpodHoTH-
KU M HTEPOCOPOEHTHI SIBJISIOTCSI BaXKHBIM 3BEHOM B
Tepanuu aucOno3a, Mbl TIPOBEIU UCCIIEIOBAHUS T10
CO3/IaHUIO TPENapaToB MPOOHOTHKOB, UMMOOMIIN30-
BaHHBIX Ha YITIEPOJCOACPIKATIX dSHTEpOocopOeHTax [4,
5].

NmMmobunm3zarus Ha SHTEpOCOpOeHTaX MOKa3aHa
MIPEX/Ie BCEro U MPOONOTHUKOB, OOIaJAI0NINX Cia-
0011 cr1I0COOHOCTBIO K KOJIOHM3ALIUH KUILIEYHUKA YETI0-
BeKa, Harpumep Ipoxoxeit S. boulardii, Ha 0cCHOBE KOTO-
PBIX CO371aH npenapar « JHTepoI». YCTaHOBJIEHO, YTO
PH SKCHIEPUMEHTATIbHOM aHTHOUOTHUKO-aCCOLIMUPOBaH-
HOM ¥ HIMMYHOCYTIPECCHBHOM TUCOHO03€ UMMOOMITH30-
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se also a direct antitoxic effect: they neutralize the vi-
ral and bacterial cyto- and enterotoxins. For example,
Czerucka D. [14] demonstrated the reduction of potas-
sium and water secretion, as well as a decrease in
cAMP formation in intestine of patients with acute
inflectional diarrhea after S. boulardii intake. The
strongest direct anti-microbial and antitoxic effect was
revealed in competitive probiotics S. boulardii and
Bacillus subtilis [19]. One of the most important pro-
perties of probiotics is their adhesion to intestinal epi-
thelium. They attach to epithelium by means of
glycoconjugated receptors, provide a colonizational re-
sistance, and prevent the adhesion and invasion of
pathogens. In the Caco2 colonocyte culture [13] the
alive probiotic strains were shown as adhering to epi-
thelium, thereby strengthening the cytoskeleton of in-
testinal epithelial cells (intensified expression of tropo-
miosine TM-5, actin and occlusin synthesis); reducing
the permeability (increased protein phosphorylation of
intercellular substances); increasing mucin synthesis
(muc-3 gene stimulation); stimulating synthesis and
activation of epithelial growth factor receptor and
augmenting synthesis of hormone-like substances, poly-
amines, which strengthen epithelial regeneration.

The described above mechanisms contribute to an
increase in protective properties of intestinal epithelium.
In addition to protective properties the probiotics ac-
complish a digestive function as well [10].

At the current pharmaceutical market there are
presented different commercial forms of probiotic
preparations: dry, made with heat dehydration or freeze-
drying, as well as liquid ones — produced in growth or
protective media [11, 12, 18].

When developing the novel forms for immunobio-
logical preparations and dietary supplements a special
attention is focused to the microorganism preparations,
immobilized on/in different carriers and their metabo-
lites. Since the probiotics and enterosorbents are an
important link in dysbiosis therapy, we performed the
studies on designing probiotic preparations, immobilized
on carbon-containing enterosorbents [4, 5].

The immobilization on enterosorbents is administra-
ted primarily for probiotics with a poor ability to colonize
human intestine, such as S. boulardii yeast, on which
basis the Enterol preparation was designed. It was es-
tablished, that under experimental antibiotic-associated
and immune suppressive dysbiosis the S. boulardii
probiotic, immobilized on enterosorbents caused more
pronounced therapeutic effect, with noted more prolon-
ged persistence of S. boulardii in animal intestine
[1,2].

Immobilized on carriers probiotics may be used to
design the novel preparations, comprising additional
components, which may be immobilized on carrier as
well. Most existing methods for storing cultures of mic-
roorganisms and microbial products occurred to be
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BaHHBII Ha YHTEPOCOpOeHTaX MPOOUOTHK S. boulardii
OKa3bIBaM 00Jiee BHIPAKEHHBIN TepaneBTUIECKUH d(-
(hexT, mpu 3TOM HabMOAATACk O0JIee ATUTEeNbHAs Tep-
cucteHys S. boulardii B xumeqHnke XUBOTHBIX [ 1, 2].

NmMMoOunu30BaHHbBIE HA HOCUTENSAX MPOOHOTHKHI
MOTYT UCIIOJIb30BaThCS IS CO3/IaHMsI HOBBIX ITpera-
paroB, BKIFOYAOIIMX JOTIOIHUTEIbHBIE KOMIIOHEHTHI,
KOTOpBIE TaK)Ke MOTYT ObITh UMMOOMIIM30BaHbI HA HO-
cuTene. boIbIIMHCTBO CYIIECTBYIOIIMX METOJOB Xpa-
HEHHUS KYJIBTYp MUKPOOPTaHM3MOB 1 MUKPOOHBIX ITpe-
MapaToB OKA3aJIMCh MAIOTIPUTOTHBIMH JIJISI XpaHEHUSI
MMMOOWIIN30BaHHBIX Apoxkei S. boulardii. Ilokaza-
HO, YTO IPOXKKEBBIE KICTKH 3HAYUTENBHO yTpayu-
BaIOT XXM3HECIIOCOOHOCTD ITPU CYOHYJIEBBIX U YMEPEH-
HO HU3KUX TEMIIEPaTypax, a TAKKe B IIPOIIECcce TeIIo-
BOi1 cymiku u moduimsanui [ 3, 16]. Mcrions3oBanue
MIPOMBILIICHHON XOJIOAWIEHON TEXHUKH C TEMIIEpaTy-
poti xpanenus: —80°C 1 KpHOT€HHOTO 000PYIOBaHU
MIO3BOJISIET XPAHUTH MpemnapaT mpu temieparype —80
n—196°C.

[TockonbKy TEXHOIOTMH KPHOKOHCEPBUPOBAHHUS
HMMMOOWIN30BaHHBIX IPETIAPATOB HAXOASATCS B CTAIUH
pa3paboTKH, METHI0 HACTOSIIIETO UCCIICIOBAHIS OBLIIO
CpaBHUTEIHHOE N3yUCHHE BIUSHUS PEIKUMOB OXJIaXK-
JICHUS U COCTaBa KOHCEPBUPYIOIIMX Cpell Ha >KU3HEe-
CIOCOOHOCTh CBOOOJHBIX M MMMOOMIIN30BAaHHBIX Ha
3HTepocopOeHTax KieTok S. boulardii.

Matepnaabl 1 meToAbI

OKCNepUMEHTHI IPOBOAMIIM C KIIeTKaMu S. boular-
dii. Kynerypa nposxkeit Oblia BeIIeIeHa U3 KOMMEp-
yeckoro npernapara «utepois-T» («Biocodex», dpan-
uust). Kitetkn uMMoOnnr30oBany Ha SHTEpOCOpOSHTaX
«Copbeke» («Dxocopd», Yikpanna) u «CYMC-1»
(«HoBocubxumdapm», Poccusi) mo pazpaboranHOMY
Hamu MeTony [5].

OuTepocopbent «CYMC-1» npencrasiuser codoii
IPaHylbl U3 OKHCH AJIOMUHUS AHAMETPOM OKOJIO
0,1 mm. Ha moBepxHOCTB IpaHyiI HAHECEHA IIJICHKA U3
yriepona (MHCTpyKIHst 0 IPUMEHEHUIO SHTEPOCOp-
6enta «CYMC-1». Perucrpaunonnsiit Ne 93/174/7,
yTBepxkaeHa PapMaKkoIOrHuecKUM rocy1apCTBEHHBIM
KOMHUTETOM MUHHUCTEpCTBA 31paBOOXpaHeHuss PO
12.03.1998). IIpenapar «CopOeKc» — rpaHyInpoBaH-
HbI aKTUBUPOBAaHHBIN yTONb ¢ pazMepoM rpanyin 0,20—
0,63 MM (IHCTpYKIis AT METUYHOTO 3aCTOCYBaHHS
npenapaty «CopOekc». Peectpariiline MOCBiqYeHHs
NeUA/10156/01/01, 3atBepmxeno Hakazom MO3 Yk-
paiau Ne762 Bin 22.10.2009). [lns nMMOOHITH3aIINH K
copOeHTy 00aBIISIN CYCHEH3HIO KIETOK C KOHLICHT-
panweit 5%107 ki/mi1. TIpu 3TOM ¢ COPOEHTOM CBSI3HI-
Basoch 20% kieTok. CBOOOAHBIE 1 UMMOOMIIH30BAH-
HBIE KJIETKH CYCHEHIUPOBAIIM B TUCTUIIMPOBAHHOM
Boze, (U3MOIOTrMUYECKOM PacTBOpPE, MMBHOM CycCie
(8°B), 5 u 10%-x pacTBOpax caxapossl, a TaKxe 5%-M
BosmHOM pactBope JAMCO. O6pa3upl oxiaxaand B
Kpuonpobupkax odremom 2,0 M1 co ckopocTsimu 1;
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unsuitable for storage of S. boulardii immobilized
yeast. The yeast cells were shown as significantly loos-
ing their viability under subzero and moderately low
temperatures, as well as during heat drying and lyophi-
lization [3, 16]. The use of industrial refrigerators with
storage temperature of —80°C and cryogenic equip-
ment enables its storage at —80 and —196°C.

Since the cryopreservation techniques for immobi-
lized preparations are under development, this research
aim was a to perform a comparative study of influence
caused by cooling regimens and composition of preser-
vation media on the viability of S. boulardii free cells
and those, immobilized on enterosorbents.

Materials and methods

Experiments were carried-out with S. boulardii
cells. Yeast culture was isolated from a commercial
preparation Enterol-T (Biocodex, France). Cells were
immobilized on enterosorbents Sorbex (Ekosorb, Uk-
raine) and SUMS-1 (Novosibchimfarm, Russia) accor-
ding to the developed by us method [5].

The enterosorbent SUMS-1 represents aluminum
oxide granules with diameter of about 0.1 mm. The
granule surface is covered with carbon film (Instruc-
tions for use of enterosorbent SUMS-1. Registration
93/174/7, approved by the State Pharmacological Com-
mittee of the Ministry of Health Care of Russia of
12.03.1998). Sorbex preparation is a granular activated
carbon with 0.20-0.63 mm granule size (Instruction
for medical application of Sorbex preparation. Re-
gistration Certificate UA/10156/01/01, approved by the
decree of the Ministry of Health Care of Ukraine N762
0f22.10.2009). Cell suspension of 5x107 cells/ml was
added to sorbent for immobilization; 20% of cells were
bound with sorbent after the procedure. Free and immo-
bilized cells were suspended in distilled water, physio-
logical saline, beer wort (8°B), 5 and 10% sucrose so-
lutions, as well as 5% DMSO aqueous solution. The
samples were cooled in 2.0 ml cryovials with 1, 5, 10,
15,20, 40 degree/min rates down to —70°C and follow-
ing immersion into liquid nitrogen, as well as via direct
immersion into liquid nitrogen. Freezing was performed
using a programmable freezer Cryoson (Germany).
Frozen samples were stored in liquid nitrogen. Thawing
was done in a water bath at 30°C. The viability of free
cells was evaluated with the Koch’s pour-plate method
as a number of macrocolonies formed on wort agar-
agar [7]. The viability of immobilized cells was assessed
in the following way: the preparation was released of
non-immobilized cells via filtration, then the filter was
placed into a centrifuge tube with a special holder, cent-
rifuged and the resulting carrier-cells complexes were
transferred from filters into 0.2% agarose gel, after
serial dilutions in the gel the complexes were plated on
Petri dish by embedding [7]. After culturing we calcula-
ted the macrocolonies formed by complexes of carrier
and cells, immobilized on its surface (CFU).
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5; 10; 15; 20; 40 rpan/mun 10 —70°C u 3aTeM morpy-
JKaJi B )KUJKHUHA a30T, & TAKKE MPSIMBIM MOTPYKEHUEM
B )KMIKUH a30T. 3aMOpakuBaHHE POBOAMIH B IIPOT-
pamMMHOM 3amopaxuBarene «Cryoson» (I'epmanus).
3aMoposkeHHbIE 00pa3Lbl XPAaHUIU IIPU TEMIIEpaType
KHUIKOTO0 a30Ta. OTOrpeBaIy X Ha BOJSHOM OaHe mpu
30°C. Y)KuzHecnocoOHOCTE CBOOOIHBIX KJIETOK OLICHH-
BaJil «4alIedHbIM» MeTonoM Koxa mo koiamuecTBy
00pa3oBaBIINXCS HA CYCJI0-arape MaKpOKOJIOHwI [7].
CoxpaHHOCTh MMMOOWMIN30BaHHBIX KIIETOK H3Yydaln
10 pa3paboTaHHOW HAMHU METOMKE: IIpernapar 0CBO-
00K 1aJIi OT HEMMMOOHMITM30BAHHBIX KJICTOK (DUIIBTPa-
uei, 3aTeM QUIBTP MEPEHOCHITH B IICHTPU(YKHYFO
MPOOUPKY CO CTEIMATBHBIM JiepyKaTelieM, IIEHTPUPY-
TUPOBAJM U MOITYYEHHBIE KOMIIJIEKCHl «HOCHUTEIb-
KJIIETKI» epeHocHiH ¢ GubTpoB B 0,2%-i arapo3HbIii
resib, HOCiIe CePUIHBIX pa3BeleHUH B HEM KOMITJIEKCHI
BbICeBaNM Ha vallku [leTpu rmryOMHHBIM crocoOoM
[7]. Ilocne KynbTHBHPOBaHUS YUUTHIBAIN MaKpOKOJIO-
HUH, KOTOpble ObTN C(HOPMHUPOBAHBI KOMILIEKCAMH
«HOCHUTENb-KIETKI», UMMOOMIM30BaHHbIE Ha €T0 T0-
BepxHocTH (KOE).

CraTucTHYECKYI0 00pabOTKy MOJYUYEHHBEIX pe-
3yJIBTaTOB IPOBOIUIIN C IOMOIIBIO TporpaMMel SPSS
Statistics 17.0.

Pe3yAbTaThl M 00Cy)XA€HHe

B skcnieprmenTax 1o KpHOKOHCEPBUPOBAHUIO CBO-
00nHBIX KIIETOK S. boulardii GbII0 YCTAaHOBIEHO, YTO
Ha HX )XU3HECHOCOOHOCTH 3HAYUTENILHOE BIIHUSHHE
OKa3bIBAIOT CKOPOCTb OXJIKIECHHS M COCTaB CPEe/Ibl KOH-
cepBupoBanus. [Ipr 3TOM BEICOKHE MTOKA3aTENH KH3-
HECTIOCOOHOCTH OTMEYANH AaXe IIPU 3aMOPaKUBAHUH
KIJIETOK, CYCIICHIUPOBAHHBIX B (U3HOJIOTHYECKOM
pactBope 6e3 100aBIeHISI KPHOTIPOTEKTOPOB (pHcC. 1, A).
[pu 3amopakuBaHUK 0O0Pa3IOB BO BCEX Cpeiax KOH-
CEpBUPOBAHUS OXJIAXKIICHUE CO CKOPOCTHIO | Tpaj/MuH
obecreuynBaio CoxpaHeHHEe MCXOIHOTO KOJINYEeCTBa
YKH3HECTIOCOOHBIX KIIETOK. [IpH yBeTMYEHUH CKOPOCTH
OXJIaXKICHUSI TIOKA3aTeIIN KU3HECTIOCOOHOCTH KIIETOK
CHI)XQJINCh M JOCTHrajd MHUHHMMYyMa B oOpasmax,
3aMOPOXCHHBIX MTOTPYKCHHEM B XKHIKUH a30T.

[pu 3amopakuBaHUHU KIETOK, CyCHCHANPOBAHHBIX
B IUBHOM cycie U 5%-M BogHoM pactBope JJMCO,
HW3MEHEHHE MOKa3aTenel KU3HEeCIIOCOOHOCTH ObLIO
OZIHOTHITHBIM — C YBEJIMYCHUEM CKOPOCTH OXJIXKICHHS
KOJIMYECTBO )KU3HECITOCOOHBIX KJIETOK YMEHBIIAIOCH
(puc. 1, B, C).

Haubonee BrIcOKHE MOKa3aTeNn )KU3HECTIOCOOHOC-
TH HAOJIIOaIK IPU 3aMOPaKUBaHHUHU B 5%-M pacTBo-
pe caxapo3bsl. B aToM ciiyuae coxpaHeHUE HCXOTHOTO
KOJIMYECTBA JKU3HECTIOCOOHBIX KIEeTOK S. boulardii
o0ecreynBajo 3aMOpPaXXKUBaHUE CO CKOpocTsIMH 1; 5;
10 rpag/muH (puc. 1, D). C yBenuuenuem cKopocTu
OXJIaXICHUSI TOKA3aTEeNH )KU3HECIIOCOOHOCTH B 3TUX
cpeaax TakKe CHIKAINCh, TOCTUrasi MUHUMyMa B 00-
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The obtained results were statistically processed
using SPSS Statistics 17.0 Software.

Results and discussion

During experiments on cryopreservation of S.
boulardii free cells we established, that their viability
was strongly affected by cooling rate and preservation
medium composition. At the same time the high viability
was observed even under freezing of cells, suspended
in physiological saline without any cryoprotectant
(Fig. 1A). Freezing of samples in all preservation media
using cooling rate of with 1 deg/min allowed to preserve
the initial amount of viable cells. The increasing of
cooling rate led to a decrease in cell viability which
reached the minimum in the samples, frozen by immer-
sion into liquid nitrogen.

When freezing cells, suspended in beer wort and
5% DMSO aqueous solution, the change in viability
indices was similar, i. e. with increasing cooling rate
the number of viable cells decreased (Fig. 1B, C).

The highest viability indices were observed after
freeze-thawing in 5% sucrose solution. In this case
the preservation of initial viability of S. boulardii cells
was provided by freezing with 1; 5; 10 deg/min cooling
rates (Fig. 1D). Increasing of cooling rate resulted in
decrease of viability indices in these media and reached
the minimum in the samples, immersed into liquid nitro-
gen. Elevation of sucrose concentration up to 10% in
had no effect in terms of viability in the samples frozen
with 1 deg/min cooling rate. Statistically significant de-
crease in viability was observed in case of cooling with
5 and 10 deg/min rates (Fig. 1E). The established diffe-
rences in the protective effect between 5 and 10%
sucrose solutions were most likely due to the fact, that
a selectively permeable plasmatic membrane of yeast
cell is located under a rigid cell wall. Therefore, the
dehydration of a cell in hypertonic solution results in
deformation of plasmatic membrane areas, which are
not tightly bound with cell wall. If the hypertonicity of
extracellular solution rises the probability of damage
in cell membrane increases. Apparently, 10% sucrose
solution, being more hypertonic vs. intracellular solution
comparing to 5% solution results in in a more pronoun-
ced cell damage due to mentioned deformation [6].

When studying the viability of immobilized cells we
considered the macrocolonies, formed mainly by the
‘carrier-cells’ complexes. In different versions of this
experiment a part of macrocolonies was formed by
single non-adsorbed cells. However, this index varied
and was independent on both cooling regimen and pre-
servation medium composition.

The number of colony-forming complexes ‘carrier-
cells’ under the whole cryopreservation regimens was
established to be significantly lower, than during freez-
ing of cell suspensions. The maximum viability of cells,
immobilized on different carriers was observed if cooling
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pasuax, Norpy>KeHHbBIX B KHUJI-
kuii a30T. [ Ipy noBbIIIEHNN KOH-
LeHTpanuu caxapossl 10 10%
B 00pa3uax, 3aMOpPOKEHHBIX CO
CKOpOCTBIO | Tpan/MuH, KOIu-
YEeCTBO >KM3HECTIOCOOHBIX Kile-
TOK HE yMeHbIanock. [lpu ox-
JNKAEHUH CO CKOPOCTSMHU 5 U
10 rpa/MuH HaOIFOAAIH JOCTO-
BEPHOE CHIDKEHHE YKH3HECTIOC00-
HoCcTH (puc. 1, E). YcranosmeH-
HBIC Pa3JINyMsl B BEIPAXKEHHOC-
TH 3alIATHOTO JIEHCTBUS MEX-
ny 5 u 10%-mu pacTBOpamu ca-

Viability, %

YXnsHecnoco6HocTb, %

1 5 10

CKopoCTb oxnaxgeHusi, rpag/MuH
Cooling rate, deg/min

Viability, %

YXnsHecnocobHocTb, %

15 20 40 IN, 1 5 10 15 20 40 N,
CkopoCTb OxnaxaeHusi, rpaa/mMvH
Cooling rate, deg/min

Xapo3bl, BEPOSATHEE BCETO, CBSI-
3aHBI C TEM, 4YTO U30HpaTEeIHHO
IIPOHUIIaeMas TTa3MaTHIeCKast
MeMOpaHa IPO¥IKEBOU KIIETKH
pacrmomnaraercs IMmoj| KeCTKOH
KJIETOYHOM cTeHKo!. [ToaTomy,
KOTZIa KiieTka 00e3BOKMBAETCA
B THIIEPTOHUYECKOM PacTBOPE,
o0nacTu IIa3MaTUYECKOU
MeMOpaHBI, HE CBSI3aHHBIC
MJIOTHO C KJIICTOYHOM CTEHKOM,
MoJBEeprawTcs aehopMaliui. 1 5 10
[To Mepe yBenmudeHus rumep-
TOHUYHOCTH BHEKJIETOYHOTO

100 9 _*

Viability, %

YXnsHecnocobHocTb, %

CKopoCTb OXxnaxageHusi, rpag/MuH
Cooling rate, deg/min

*

Viability, %

YXnsHecnocobHocTb, %

1 5 10
CKopoCTb OoXnaxageHusi, rpag/MuH
Cooling rate, deg/min

15 20 40 N, 15 20 40 N,

pacTBOpa BepOHTHOC}“L no- °\° 100 1=
BPEXKACHUS KIETOUHOU MeM- =
Opans! oBsIaercs. [lo-suan- s

g

Momy, B 10%-M pacTBOpe caxa-
PO3bI, KOTOPBIH ABJISETCS Oosiee
TUIIEPTOHUYHBIM MO OTHOIIE-
HHUIO K BHYTPUKIECTOYHOMY
pacTBOpy IO CpaBHEHHUIO C
5%-M pacTBOpOM, yKa3zaHHas
nedopMmalids MeMOpaHbl MPH-
BOJMT K 0oJiee BBIPAKEHHOMY
MOBPEXKACHUIO KIETOK [6]. 1 5 10
[pu viccne0BaHUH KHU3HE-
CHOCOOHOCTH UMMOOMITH30BaH-
HBIX KJICTOK MbI YUHUTHIBAITH MaK-
PPOKOJIOHHH, 00pa30BaHHbIC Tpe-
HMYIICCTBCHHO KOMILIEKCAMHU
«HOCHUTETb-KIETKM». B pazHbIX
BapHaHTaX 3TOT0 IKCIIEPHUMEH-
Ta 4acTh MaKpPOKOJIOHHUI ObLia
o0Opa3oBaHa eJIMHUYHBIMH Jie-
copbupoBaHHbIME KJIeTKaMu. OHAKO 3TOT MoKa3a-
TEeNb BAPbUPOBA M HE 3aBUCEIT OT PEKUMA OXJTAXK]Ie-
HUSI, & TAKXKE COCTaBa CPEbl KOHCEPBUPOBAHMS.
YcTaHOBIIEHO, YTO KOJIMYECTBO KOJIOHHEOOpasyto-
IIUX KOMITICKCOB «HOCHUTEIb-KJIETKI TOCIIE UCTIONb-
30BaHUS BCEX PEIKUMOB KPHOKOHCEPBUPOBAHUS OBLITO
3HAYUTENILHO HIDKE, UM TPH 3aMOPAKMBAHUHN KIIETOY-

YXnsHecnoco6HocTb, %
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Puc. 1. XKusnecriocoOHOCTBL ¢BOOOI-
E HBIX KJICTOK JpoxoKel Saccharomyces
boulardii (% ot KOHTpOJIS) OCIIE 3a-
MOPaXMBAHHUS C PA3HBIMH CKOPOCTS-
MH OXJIQXICHUA: A — B (PU3UOJIOTH-
YECKOM pacTBope; B — muBHOM cycre;
C — 5%-m BotHOM pactBope JJMCO;
D — 5%-M BogHOM pacTBOpE caxapo-
3pl; E — 10%-M BogHOM pacTBOpe
caxapo3bl; | N,—Orpy)KeHHE B 3KH]I-
Kuit a3ot; * — p < 0,05 npu cpaBHEHUH
Pe3yabTaTOB HUCIOIB30BAHUSA CKOPO-
CTH OXJIXKIICHUS | Tpai/MHH 1 OCTaJIb-
HBIX CKOpPOCTEH.

Fig. 1. Viability of free Saccharomyces
boulardii yeast cells (% of the control)
after freezing with different cooling
rates: A — in physiological saline; B —

15 20 40 (N,

CKopoCTb OXnaxageHusi, rpag/MuH
Cooling rate, deg/min

beer wort; C — 5% DMSO aqueous solution; D — 5% sucrose aqueous solution;
E — 10% sucrose aqueous solution; * — p < 0.05 when comparing the results of
cooling with 1 degree/min rate and the other ones.

with 1 deg/min rate. With increasing cooling rates the
number of colony-forming complexes in the samples
was significantly decreased (Fig. 2, 3). For example,
after cooling of cells, immobilized on enterosorbent
SUMS-1 with this rate, the post-thaw numbers of CFU
in the samples in physiological saline, beer wort, 5%
DMSO, 5% sucrose and in 10% sucrose solutions were
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HBIX CycleH3uid. Makcumanp- o 50 < 50
HYI0 COXPaHHOCTH KJIETOK, UM- 5 A|Z B
MOOWM/IH-30BaHHBIX HA pasHbIX 5 401 5 40 1
HOCHUTEISIX, TaKxke obecreyu- S >
BAJIO OXJIAXKIECHHUE CO CKOPOCTBIO < 301 = 30 A
1 rpan/mun. C mOBBIIEHHEM g * )
CKopOCTeI?I OXJIAXKJICHUSI KOJIHU- § 20 - § 20 -
4eCTBO KOJOHHeoOpasyomux 'S §
o
KOMIUIEKCOB B 00pa3iax 10CTo- S 10 - 2 10 -
[8]
BEpHO CHWXaIOCh (puc. 2, 3). 0 |_| |_| H ﬂ ’_‘ z ﬂ ﬂ ﬂ
Tak, Ipu OXJIAKJIECHUU C ITOU § 0 O £ 0 ===
CKOPOCTBIO KJIETOK, AMMOOWJIH- 5 1520 40 1N, 5 1520 40 N,
30BaHHBIX Ha 3HTep0C0p6€HTe CKOpOCTb oxnaxpeHus, rpag/MuH CKOpOCTb oxnaxageHus, rpag/MuH
«CYMC-1y. xommuectso KOE Cooling rate, deg/min Cooling rate, deg/min
- s
B 06pasiax ¢ pusnonsornueckum 2 0 ® 50
2 >
pacTBOpoM cocTapisuio 22,2%, ¢ Z C % D
Q . m
NUBHBIM cyciioM — 12,43%, ¢ 5%- g 40 ~ 40
M pact-BopoM IMCO — 17,60%,
¢ 5%-M pacTBOpOM caxapo3bl — 30 4 > 301
Y 0
3,90%, ¢ 10%-m pacTBOpOM ca- 5 5
o
xapo3sl — 11,60% (puc. 2). IIpu £ 20 1 & 20 1
TIOBBIIICHAN CKOPOCTH OXTaXk- 8 S
JICHHUS OT 5 Tpajy/MHH JI0 ckopoc- & 10 1 5 10 1
o *
TH, 00€CIIEUMBAEMOIL TIOTPYKE- & |_| |_| ﬂ ’_‘ |_| 3
HHUEM B KU o ; |_|¥0|_|.—|l_||—||—||—|.—|
IKAW a30T KOJIMYECT- 0 T T T T T T
Bo KOE cHmxanocs B pa3nnd- c 5 1520 40 /lN C1 5 10 15 20 40 /iNZ
_ 0 KOPOCTb OXnaxaeHud, rpaa/MuH KOPOCTb oxnaxgeHwd, rpag/MuH
HI’DI(_ICpeHaX 710 0,70-10,32%. Cooling rate, deg/min Cooling rate, deg/min
U OXJIAXKIEHUH CO CKOPOC-
ThIO | Tpaji/MHUH KJIETOK, UIMMO-
6 pan ’ = %0 Puc. 2. )Ku3Hecroco6GHOCTh UMMOOH-
WIT30BaHHBIX Ha SHTEPOCOP- Z E JIM30BaHHBIX KJIETOK IPOXOKer Saccha-
oente «CopOeKe», KOIMYECTBO Z 40 romyces boulardii na «CYMC-1» (%
KOE B 00pa3uax ¢ ¢pusmnonoru- £ OT KOHTPOJIsT) TIOCIIE 3aMOPaKHBAHHS
YECKUM PACTBOPOM COCTABIIIIO < 30 4 2 PasHBIMH CKOPOCTAMH OXJIAMICHIL:
80,5%, ¢ MUBHBIM CYCJIOM — ° B — q)mnonom.qcewgg pactBope,
o o £ —IIUBHOM CYyCJIC; L — 0-M BOJJHOM
39,5%, ¢ 5%-m pacTBOpOM S o pactBope JIMCO; D — 5%-m BotHOM
AMCO - 25,3%, ¢ 5%-m pact- L§ pactBope caxapossl; E — 10%-M Boj-
BOpPOM caxaposbl — 48,7%, ¢ g HOM DacTBOpE Caxaposb; | N, rorpy-
10%-M DACTBODOM CAXADO3BI — 5 10 A JKEHUE B XUAKUK a3o0T; * — p < 0,05
A p p p % IIPU CPaBHEHUHU PE3YJbTATOB UCTIOIb-
42,0% (puc.3). IIpu nossleHnn g, [ P | 3oBanus cxopoctu oxmakaeHus

CKOPOCTH OXJaXAEHUS OT
5 rpaji/MUH 10 CKOPOCTH, 00ec-
[eYNBAEMOH MOTPYKEHUEM B
JKUIKAM a30T, koandecTBo KOE
CHIDKAJIOCh B Pa3IUYHBIX Cpe-
nax 1o 2,6—6,1%.

IIpu 3amopa>kuBaHUY HIMMO-
OUIIM30BaHHBIX KJIETOK B pa3HbIX
cpenax KOHCepBHPOBAaHHUS pas-
4 3HadYeHnd cpeaHero komnuectBa KOE mocne
OXJIAXKJICHHS CO CKOPOCThI0 5—40 rpas/MuH U mocie
MIOTPYKEHUSA B JKUAKHUH a30T OBLIM HEJOCTOBEPHBIMHU.

[IpencraBnenHble pe3yabTaThl CBUAETENBCTBYIOT
0 JI0CTaTOYHO BBICOKON MCXOJHOW KPHOPE3UCTEHT-
HocTu Apoxokeit S. boulardii mo cpaBHEHHUIO ¢ Opy-
TUMH MHKPOOHBIMHU KJIETKaMH, OTHOCAIIUMHUCS K
HU3LIMM dykapuotaM [15]. Ilpu 3aMmopakrBaHuM Kie-

1 5
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10

CKOpOCTb oxnaxageHus, rpag/MuH
Cooling rate, deg/min

A —in physiological saline; B — beer wort; C —
5% sucrose aqueous solution; E — 10% sucrose aqueous solution; * — p <0.05
when comparing the results of cooling with 1 degree/min rate and the other ones.

26

1 Tpaz/MUH 1 OCTaILHBIX CKOPOCTEH.

Fig. 2. Viability of Saccharomyces
boulardii yeast cells, immobilized on
SUMS-1 (% of the control) after
freezing with different cooling rates:
5% DMSO aqueous solution; D —

15 20 40 N,

22.2,12.43,17.60, 3.90 and 11.60%, correspondingly
(Fig. 2). When augmenting cooling rate from 5 deg/min
up to one provided by immersion into liquid nitrogen
the post-thaw number of CFU decreased in various
media down to 0.70-10.32%.

When freezing the Sorbex-immobilized cells with
1 deg/min cooling rate the numbers of CFU in the
samples with saline, beer wort, 5% DMSO, 5% sucro-
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Puc. 3. )KuznecnocoOHOCTh UNMMOOMIM30BAaHHBIX KIIETOK ApOXoken Saccharomyces boulardii na «Copbeke» (% ot
KOHTPOJIS) TIOCJIE 3aMOPaYKUBAHUSI C PA3HBIMH CKOPOCTSMH OXJIaXIeHHs: A — B pU3HOJIOrHYecKoM pacTBope; B — nuBHOM
cycne; C — 5%—m BogHoM pactBope IMCO; D — 5%—m BogHOM pacTtBope caxapo3ssl; E — 10%—m BogHOM pacTBOpe
caxapo3bl; | N,—IOTpy>KeHHE B )KUAKUH a30T; * —p < 0,05 npu cpaBHEHNH Pe3yJIbTaToB HCIOIb30BAHUS CKOPOCTU OXJIXKACHHS
1 rpaji/MHH U OCTaJIBHBIX CKOPOCTEHA.

Fig. 3. Viability of Saccharomyces boulardii yeast cells, immobilized on Sorbex (% of the control) after freezing with
different cooling rates: A — in physiological saline; B — beer wort; C — 5% DMSO aqueous solution; D — 5% sucrose
aqueous solution; E — 10% sucrose aqueous solution; * —p <0.05 when comparing the results of cooling with 1 degree/

min rate and the other ones.

TOYHBIX CYCIIEH3Hi 3TOr0 BUAA APOXKel hakTopamu,
BIMSIOLIMMU Ha )KU3HECTIOCOOHOCTD KIIETOK, SIBIISIOT-
Cs1 CKOPOCTh OXJIAXKCHHS M COCTAB Cpebl KOHCEPBH-
poBanusi. [Ipu ucrons30BaHNH BCEX N3yUEHHBIX CPel
KOHCEPBHUPOBAHHS OXJAXKACHUE CO CKOPOCTHIO
1 rpag/mMuH 0OecTIeunBaIIO JKU3HECTIOCOOHOCTh KIIETOK
Ha MCXOMHOM ypoBHe. [o-BHIMMOMY, 3Ta CKOPOCTb
OXJIaXK]ICHHsI ONITUMAIbHA JUIsl JAHHOTO BHJA KIIETOK
B COOTBETCTBHH C IMOJIOKEHHUSIMH JBYX(PaKTOPHOI
TEOPHH KpUOTIOBpeXaeHui [9, 17].

KoMTIieKehl «<HOCHTENb-KIIETKI OKa3alIHuch Ooliee
KpUOJAOMIBHBIMU 110 CPAaBHEHHUIO CO CBOOOIHBIMU
kieTkamu. Ilpu 3TOM OXJlakAeHHE CO CKOPOCTHIO
1 rpan/MuH Taxke obecrnedynBallo MakCUMalbHbIE
MOKa3aTesH )KU3HECTIOCOOHOCTH KJIETOK, IMMOOHIIU-
3oBaHHbIX Ha «Copbekc» u CYMC-1. D10 cBuue-
TEJILCTBYET O TOM, YTO BHUJIOBasi YyBCTBUTEIHHOCTD
KIeToK Buaa S. boulardii k mporeccaM KpUCTaUIu-
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se and 10% sucrose solutions were 80.5, 39.5, 25.3,
48.7 and 42.0%, correspondingly (Fig. 3). When
elevating cooling rate from 5 deg/min up to the one
provided by immersion into liquid nitrogen the number
of CFU decreased in various media down to 2.6-6.1%.

During freezing immobilized cells in different
preservation media the differences of mean CFU num-
bers after cooling with 540 deg/min rates and after
immersion into liquid nitrogen were statistically insig-
nificant.

Presented results testify to quite a high initial
cryoresistance of S. boulardii yeast as compared with
other microbial cells, referring to lower eukaryotes
[15]. When freezing cell suspensions of this yeast
species namely such factors as cooling rate and
preservation medium composition are affecting cell
viability. If using all the studied preservation media the
cooling with 1 deg/min rate provided cell viability at
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3aLl1H, 3aBUCAIINM OT CKOPOCTH OXJIXKACHUS, HE H3Me-
HSUTach OCIIe UMMOOMIIM3auuu. J{71st BBISICHEHHUS IPH-
4yiH 00Jiee HU3KOH KU3HECTIOCOOHOCTH MMMOOMITH30-
BaHHBIX Ha HOCUTEISX KIIETOK 10 CPABHEHHIO CO CBO-
OOIHBIMH KJIETKAMH HEOOXOOUMO HU3YyUUTh HPOLECCHI
Pa3sBUTHUS HOBPEKIAIOIINX QUIUKO-XUMUUECKUX (hak-
TOPOB IMPH 3aMOPKUBAHUH ITHX 00bekTOB. Ha Harr
B3IJISIT, OJJHAM M3 BO3MOXKHBIX MEXaHHU3MOB TIOBPEXK-
JeHHUS SIBIIICTCS BHY TPUKIICTOUYHAS KPUCTAJUIN3ALIHS,
BEPOSATHOCTH KOTOPOX MOBBIILIAETCS IIPH 3aJaHHOH CKO-
POCTH OXJIQXKIICHHS 110 Mepe YMEHBIICHUS TTOBEPX-
HOCTHO-00BEMHOTO OTHOIICHYS KIIETKH U KO uIimeH-
Ta IPOHHULAEMOCTH KJIETOYHOH MeMOpaHbl sl MO-
nexyn BoAsl [6]. [Ipu 3aMopakuBaHNM KOMIUIEKCOB
SHTEPOCOPOESHTOB ¢ HMMOOWIIN30BAaHHBIMH Ha UX T10-
BEPXHOCTH KIIETKaM¥ 00pa30BaHHE KOHTAKTOB MEXKITY
MOBEPXHOCTSIMU COPOEHTOB M MMMOOMIIN30BaHHBIX
KJIETOK 3KBHUBAJEHTHO YMEHBLICHHIO IOBEPXHOCTH
KJIETOK, [I03TOMY Han0oJiee BEICOKUE 3HAYCHUS JKU3HE-
CIOCOOHOCTH HAONIONATHN TIPH CaMOil MEIJICHHOHN U3
HCCIICIOBAHHBIX CKOPOCTEH OXJIaXKICHUSL.

BbiBOADI

1. BiepBble mpoBeAEHO UCCIIEIOBAHNE KUZHECTIO-
COOHOCTH IMMOOMIIM30BAaHHBIX Ha SHTEPOCOPOEHTAX
KJIIETOK Ipobuotuka S. boulardii. Hanbonee Beicokue
[TOKa3aTes )KH3HECTIOCOOHOCTH B Pa3IMIHBIX KOHCEP-
BHPYIOIIUX cpeaax 00ecrevnBalio OXJIaXICHUE CO
ckopocTbio 1 rpaa/muH. IloBBIlIEHHE CKOPOCTH OX-
naxaeHus 1o 5—40 rpaj/MuH 1 TOTpy>KEHUE B KUIKAN
a30T IPHUBOAMIIHN K JOCTOBEPHOMY CHIKEHHUIO KOJIH-
yectBa KOE, 00pa30BaHHBIX KOMIUIEKCAMH «HOCH-
TENb-KIETKN.

2. Ha %u3HeCIOCOOHOCTE UMMOOUIN30BAaHHBIX
KJIETOK B MPOIECCE KPUOKOHCEPBUPOBAHUS BIUSIOT
(hM3UKO-XMMHYECKHE CBOIICTBA MaTepraia HOCUTEIIS.
Bonee Bbicokue mokazaTenau >KM3HECHOCOOHOCTH
OTMEYEHBI B OKCIIEPUMEHTE C KIETKaMH1, UMMOOHIIH-
30BaHHBIMH Ha 3HTEpOcopOeHTE «CopOeKey.

3. [Ipu oxmaxxaeHU IMMOOUITN30BAHHBIX KIIETOK
CO CKOPOCTBIO OT 5 110 40 rpaf/MHUH U IOTPY>KEHUH B
XKHUJKHUHA a30T COCTAB UCCIIEAYEMBIX KOHCEPBUPYIOLINX
Cpel He OKa3bIBaeT 3HAYMMOT0 BIMAHHUS Ha KOJIOHWE-
00pasyIonyto crmocoOHOCTh KOMILIEKCOB «HOCHUTEh-
KIIETKID).

4. Iloka3zaTenu >KU3HECIIOCOOHOCTU CBOOOIHBIX
KJIETOK JJOCTOBEPHO BBIIIE, YeM Y KOMIUIEKCOB «HO-
CUTENb-KJIETKN» TIPU BCEX pEKUMaxX 3aMOPaKUBaHUSI.
MakcuManbHYI0 KH3HECIIOCOOHOCTh CBOOOIHBIX
KJIETOK TakXe 00eCHeunBaeT OXJaKICHHE CO CKO-
poctbio 1 rpaa/mus. [Tpu qaHHOH CKOPOCTH OXJIaKIe-
HUS B U3YYaBIINXCS cpelax KOHCEPBUPOBAHUS JKH3-
HECMOCOOHOCTh KIETOK S. boulardii coxpansnach
Ha UCXOHOM YPOBHE.

Aemopbl gvipadicarom 2ny60Kyio 61a200apHOCHb K.O.H.
[0.A. Ilempenko 3a yennwie 3amevanus.
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initial level. This cooling rate is apparently optimal for
this cell species according to the statements of two-
factor theory of cryoinjury [9, 17].

The ‘carrier-cells’ complexes occurred to be more
cryolabile as compared to the non-adsorbed free cells.
In this case, cooling with 1 deg/min rate provided the
maximum viability indices for cells, immobilized on
Sorbex and SUMS-1. This testifies to the fact, that a
specific sensitivity of S. boulardii cells to crystallization
processes, depending on cooling rate, remained unchan-
ged after immobilization . To clarify the reasons for
lower viability of cells, immobilized on carriers as com-
pared to free cells it is necessary to study the develop-
ment of physical and chemical factors of injury during
freezing of these objects. We believe that one of the
possible mechanisms of injury is intracellular crystal-
lization, which probability increases under the particular
cooling rate with decreasing of a cell surface-to-volume
ratio as well as and cell membrane permeability coef-
ficient for water molecules [6]. When freezing entero-
sorbent complexes with cells, immobilized on their
surface, the formation of contacts between adsorbent
surfaces and immobilized cells corresponds to the re-
duction of cell surface, that is why the highest viability
indices were observed under the slowest cooling rates
among the studied ones.

Conclusions

1. For the first time there was studied the viability
of S. boulardii probiotic cells, immobilized on entero-
sorbents. The highest viability in different preservation
media was provided by cooling with 1 deg/min rate.
The augmentation of cooling rate up to 5—40 deg/min
and immersion into liquid nitrogen resulted in a statistica-
1ly significant reduction in CFU number, formed by the
‘carrier-cells’ complexes.

2. The viability of immobilized cells during cryo-
preservation is affected by physical and chemical pro-
perties of carrier material. Higher indices of viability
were noted in the experiments with cells, immobilized
on Sorbex enterosorbent.

3. In the case of cooling of immobilized cells with
the rate from 5 to 40 degree/min and immersion into
liquid nitrogen the composition of the studied preser-
vation media had no significant effect on colony forming
ability of ‘carrier-cells’ complexes.

4. The viability indices for non-adsorbed free cells
were statistically and significantly higher than in ‘car-
rier-cells’ complexes after performing all the studied
freezing regimens. The maximum viability of free cells
was also provided by cooling with 1 degree/min rate.
Using this cooling rate in all the studied preservation
media did not change the viability of S. boulardii cells
comparing to initial one.

The authors akmowledge Dr. Yu.A. Petrenko for his
valuable comments.
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