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Impact of Biologically Active Complexes of Lactobacillus rhamnosus GG
and Saccharomyces boulardii After Storage Under Low Temperatures
on Biofilm Forming Ability in Corynebacteria

Pedbepat: Y poboTi 06rpyHTOBaHO TemnepaTypHi pexumun i TepMiHn 36epiraHHs GioNoriYHO akTUBHWX KOMMMEKCIB (CTPYKTYPHUX
KOMMOHEHTIB i meTaboniTiB) Lactobacillus rhamnosus GG i Saccharomyces boulardii, ki NposBNATE NPOTUMIKPOOHY aKTUBHICTL Ta
3HWXKYIOTb popmyBaHHA GionniBok y natoreHHux 30yaHukiB Corynebacterium spp. NokaszaHo 306epexeHiCTb 6ionoriYHoi akTMBHOCTI
KoMnnekciB nicns 6 micauiB (TepmiH cnoctepexeHHst) 3a Temnepatypu (—23 + 1)°C ta npotarom 60 A6 (TepmiH cnocTepexeHHs)
y rinotepmiyHnx ymosax npu (4 + 1)°C. CTyniHb NpUrHiYeHHs yTBOPEHHSA GionniBoK maToreHHNx KopuHebaKTepin 3anexas Big YyTnu-
BOCTi WTamy TecT-kynbtypu Corynebacterium spp. 0O NPOAYKTIB MIKpOOHOrO NoXoaXeHHsi. HanmeHwwe popmyBaHHs GionmniBKM TOKCUTEH-
HUMK WITamamu KopuHebakTepin cnocTepiranocsa nig BNAMBOM Cymilli meTaboniTiB naktobaktepint i caxapomiueTiB (p < 0,05). OTpu-
MaHi pesynbTatu CBig4aTb MPO MOXMMUBICTb 3aCTOCYBaHHSA 36epexeHux OionoriYyHO akTVBHUX PeyoBWMH 3a Temnepatyp 4 Ta -23°C
y KOHCTpytoBaHHi komnnekciB L. rhamnosus GG i S. boulardii, a TakoX y TEXHOMOrMYHMX npouecax ix BUpobHuUTBa AN NpodinakTukm
nepcucTeHuii 36yaHvkiB andTepii.

Kno4yoBi cnoBa: H13bkoTemnepaTypHi pexxumMu 36epiraHHs, kopuHebakTepii, 6ionnisku, GionoriyHo akTUBHI komnnekcu, Lactobacillus
rhamnosus GG, Saccharomyces boulardii, aHTU6ionniBkoBa akTUBHICTb.

Abstract: This paper describes the temperature regimens and shelf life of biologically active complexes (structural components
and metabolites) of Lactobacillus rhamnosus GG and Saccharomyces boulardii, which have antimicrobial activity and reduce biofilm
formation in pathogenic agents of Corynebacterium spp. Preservation of biological activity of complexes after 6-month storage
(observation period) at (-23 £ 1)°C and for 60 days (observation period) under hypothermia at (4 + 1)°C has been demonstrated. The
degree of inhibition of biofilm formation in pathogenic corynebacteria depended on sensitivity of the Corynebacterium spp. test-culture
strain to products of microbial origin. A mixture of lactobacillus and saccharomycete metabolites displayed weak biofilm formation
by toxicogenic strains of corynebacteria (p < 0.05). Our findings testified to a possible use of biologically active substances, stored
at 4 and -23°C in designing the L. rhamnosus GG and S. boulardii complexes and in technological processes of their production
to prevent the persistence of the diphtheria pathogens.

Key words: low temperature regimens of storage, corynebacteria, biofilm, biologically active complexes, Lactobacillus rhamnosus
GG, Saccharomyces boulardii, anti-biofilm formation activity.

Emimemionoridaa cuTyariiss CTOCOBHO PO3IMOBCION-
keHHS nudrepiiinol iH(EKIi XapaKTepHu3yeThCs
CTIOPaJIMYHIMU CIIATaXaMHU Ta MOCTIHHOK IUPKYIIS-
miero 30yJHHKa Yy BUIISL 37I0POBOTO OakTepioHO-
ciiictBa cepen pisHuX BepcT HaceneHHs [9]. Ha cpo-
TOJIHI PO3pOOJICHO €(PEeKTHBHI 3acO0M JIIKyBaHHS
XBOpHX, MpOTe NpOQINaKTH4HI MpernapaTd MpOTH
[IEPCUCTEHINT MATOTeHHUX KOpUHEOaKTepiii Bij-
CYTHI.

EdexruBaumM HampsmMoM mpodimakTHKK - Oak-
TepiabHOI MEePCHUCTEHII] € MPUTHIYeHHS 37aTHOCTI
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Epidemiological situation in diphtheria spreading
is characterized by sporadic outbreaks and a constant
circulation of pathogen via healthy bacteria carrying
among different population groups [14]. To date,
the efficient treatments have been developed for
patients with diphtheria, but there are no drugs
preventing the persistence of pathogenic coryne-
bacteria.

An efficient way to prevent bacterial persistence
is inhibiting the microorganisms’ ability of biofilm
formation [3-6, 15, 16, 18, 20]. The biofilm for-
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MIKpOOpraHi3MiB 10 yTBOpeHHs OiomuiBku [12-18,
20]. Ioka3zano, mo ¢opmyBanHs OiomiiBKH cradi-
JIOKOKaMH TaJIbMYIOTh KaTIOHHMH HENTH BapHEpiH
i qumeTmicynbQokeus [2].

Jis mpuTHIYeHHS YTBOpPEHHS O10TUTIBOK KIITHH
Staphylococcus aureus 1 Staphylococcus epidermidis
MIePCIIEKTUBHE 3aCTOCYBAHHS META0OJITIB JIAKTO-
oammut (Lactobacillus plantarum L3 1 Lactobacillus
fermentum 97) [10]. Bouu npu3BoAsTh 10 3arubeii
30yJHHKIB, BUKJIMKAHOI yIbTPACTPYKTYPHUMH 3MiHa-
MU B KJIITHHAaX-MIIICHAX 1 MOPYIICHHSM >XUTTEBO
BXJIMBHX TpoueciB (aieHHs kiaituH, cuate3 JHK
1 TIeNTUIOMIIKAHOBOTO IIapy, BiATOPTHEHHS MENTH-
JOTMTIKaHOBHX II0OYI 13 MOBEPXHi KJIITHHHOI CTIHKH
y 30BHIIITHE CEPEIOBHIIIE).

Hamu pospo6nieHo 3pa3ku GinbTpartiB, sSKi MPOSB-
JISTFOTh IPOTHMIKPOOHY aKTHBHICTB Ta 3HIKYIOTH 0i0-
ITIBKOBI BJIACTUBOCTI TMATOTCHHUX KOpHWHEOAKTepiit
[3-7]. Le Oionoriuno akxtuBHI komruiekcn (BAK)
MikpoOHuX KiituH Lactobacillus rhamnosus GG abo
Saccharomyces boulardii: cTpyKTypHI KOMIIOHEHTH,
oTpHMaHi micisi 0OpoOKH KIITHH MpoOioTHKA YIIBT-
Pa3BYKOBUM ONPOMIHEHHSIM, 1 MeTabomiTH i3 cepe-
JIOBUII KyJIBTHBYBaHHS MPOOIOTHKIB Y CTPYKTYPHHUX
komnoHentax L. rhamnosus GG abo S. boulardii.
Ha crorogni BaykiuBi Taki MUTaHHS, SIK BUBUYCHHS
YMOB 1 BU3HAu€HHS TEPMiHIB 30epiraHHs ojepxa-
HUX PEYOBUH i 30epekeHHs O10JI0TiyHOI aKTHB-
HOCTI 3pa3kiB (impTparis [2-8, 10].

st BupoOHHMIITBA Ta 3acTocyBanHs BAK mpo-
OIOTHYHOTO TIOXOIKEHHS B TIPAKTHUYHIA MEIHITHHI
OUIBII OIIBHO BUKOPHCTOBYBATH TIMOTEPMII0 Ta
MOMIPHO HHU3BKI TEMIIEpaTypH, OCKUIbKA BOHU Ha
BiZIMiHY BiJl KPIOKOHCEPBYBaHHSI MalOTh Psij IepeBar
(mocTymHICTh, MPOCTOTa Ta €KOHOMIUHICTH). BapTo
3a3HAUUTH, 10 PaHille JOCIIIKEHHS 3 JOBrOCTPO-
KoBOro 30epiranHs pedoBuH L. rhamnosus GG i
S. boulardii, onep>xaHux 3a aBTOPCHKOIO METOIUKOIO,
HE TPOBOJMIIH.

Meta poOOTH — OOTPYHTYBaHHSI PEXKHUMIB 30epi-
rafgas OlOJOTIYHO aKTWBHUX KOMIUIEKCIB Lacto-
bacillus rhamnosus GG ta Saccharomyces boulardii,
AK1 TIPOSIBIAIOTH TMPOTUMIKPOOHY aKTHUBHICTH 1 3HH-
KYIOTh (popMyBaHHsI OIOTUIIBOK Yy MAaTOreHHHUX 30y
uukiB Corynebacterium spp.

Marepiajau Ta MeTOIH

Y po0oTi BHKOPHUCTOBYBAJIM HACTYIHI IITAMH-
MIPOTYIICHTH:

- mpobiotnunuii mram L. rhamnosus (LGG®)
ATCC 53103, onepxanuii i3 cumbioTrka «PREEMA®»
(«Schoneny, IllBeiinapis). Peectparito 3a3Hadve-
HOTO Ipernapary B YKpaiHi miITBepKESHO BUCHOBKOM
Jep’KaBHOI  CaHITapHO-CIIIeMIOIOTIiTHOl  eKcTep-
tusu (Ne 05.03.02-03/28238);

mation by staphylococci have been shown to in-
hibit the cationic peptide warnerin and dimethyl
sulfoxide [7].

To suppress the biofilm formation in Staphylococ-
cus aureus and Staphylococcus epidermidis cells,
the use of lactobacillus metabolites (Lactobacillus
plantarum L3 and Lactobacillus fermentum 97)
is promising [17]. Their use results in a death of
pathogens, caused by ultrastructural changes in
target cells and disruption of vital processes (cell
division, synthesis of DNA and peptidoglycan
layer, rejection of peptidoglycan globules from
cell wall surface to external environment).

We have designed the samples of filtrates, that
exhibit antimicrobial activity and reduce the bio-
film properties of pathogenic corynebacteria [8—12].
These are the biologically active complexes (BACs)
of microbial cells of Lactobacillus rhamnosus GG
or Saccharomyces boulardii: structural components
obtained after treating probiotic cells with ultrasound
irradiation, and metabolites from probiotic culture
media in structural components of L. rhamnosus GG
or S. boulardii. Today, of importance are studying
the conditions and determining the shelf life for the
obtained substances in order to preserve biological
activity of filtrate samples [7-13, 17].

To produce and enroll the BACs of probiotic
origin into practical medicine, it is more appropriate
to use hypothermia and moderately low tempera-
tures, because they have a number of advantages
(availability, simplicity and cost-efficiency) in cont-
rast to cryopreservation. Notably, that a long-term
storage of L. rhamnosus GG and S. boulardii, obtained
by the author’s technique, has not been previously
investigated.

The research aim was to substantiate the storage
regimens of biologically active complexes of Lac-
tobacillus rhamnosus GG and Saccharomyces bou-
lardii, exhibiting antimicrobial activity and redu-
cing the biofilm formation in Corynebacterium spp
pathogenic agents.

Materials and methods

In this study, the following producing strains were
used:

- probiotic strain of L. rhamnosus (LGG®) ATCC
53103, obtained from the symbiotic ‘PREEMA®’
(Schonen, Switzerland). This drug registration in
Ukraine is confirmed by the hygiene certificate from
the State Sanitary and Epidemiological Service
(Ne 05.03.02-03 / 28238);

- S. boulardii CNCM 1-745 fungi, isolated from
probiotic preparation ‘BULARDI® (Schonen). This
drug registration in Ukraine is confirmed by
the hygiene certificate from the State Sanitary
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- pubu S. boulardii CNCM 1-745, Bungineni 3
npobiotnynoro npenapary «BULARDI®» («Scho-
neny»). Peectpauiro 3a3HaueHoro npenapary B YKpaini
MiATBEPPKEHO BHCHOBKOM JIEPYKaBHOI CaHITapHO-
enigemionoriynoi  ekcrieptuzu  (Ne  05.03.02-03/
58212).

Mramu L. rhamnosus (LGG®) i S. boulardii Bupo-
LIyBaJIM Ha TBEPIUX XUBMJIBHUX CEPEIOBUINAX, SKi
BIJIMOBiTajI Xap4OBUM TMoTpedaM MIKpOOpTraHi3MiB:
nmakrobakarap Ta cepenosumie Cabypo [10]. Iaky-
Oarlifo 3pa3kiB HPOBOAMIN MpoTsiroM 18—20 romuH
3a temmnepatypu (37 = 1)°C, 3mMuBamu 3 cepenoBu-
ma KynsTuByBaHHS 0,9%-M po3uMHOM XJOpHIy Ha-
TPil0 Ta TPUPA30BO BiAMUBAIM MIKpOOHY Macy Bix
3anuiKiB cepenoBuina. Cycnensii MiKpoopraHismis
L. rhamnosus 1 S. boulardii rorysamu B 0,9%-my
PO3YMHI XJIOPUILY HATPilO 3 3aCTOCYBAHHSIM NIPUIIALy
«Densi-La-Meter» («PLIVA-Lachema Diagnostikay,
Uexist) i moBommiu 10 onTtugHOI miimpHOCTI 10,0 omm-
HATG 3a mKkanolo McFarland 3rimHo 3 iHCTpyKIi€ro
Jq0 mnpwiany. MikpoOHI  KIITHHH JIaKTOOAKTepii
1 caxapoMmileTiB 0OpOOJSUTH YIBTPa3BYKOM 13 BHKO-
puctanasim reneparopa «I'3-109» (Benmukomykcbkuid
pamio3aBon, Pocist). O6pobneHi 3pasku L. rhamnosus
GG (L) 1 S. boulardii (S), sixi MICTSITb CTPYKTYpHI
KOMIIOHEHTH, 3aCTOCOBYBAald [y BUPOILYBaHHS
KyJBTYp JlakToOakTepiil 1 rpubiB, a TaKoX AJsl Mpo-
BEJICHHS €KCIIEPUMEHTIB [6, 7].

Mertabomitu L. rhamnosus (ML) Tta S. boulardii
(MS) onmepxyBamu 3 CEpENOBHIN KyJIHTHBYBAaHHS
MIPOAYIIEHTa B CTPYKTYPHUX KOMIIOHEHTaX IMPoOio-
TUKiB. MikpoOHi cycmensii sakroOakrepiii abo ca-
XapOMILIETIB 13 ONTUYHO rycTtuHOw 10,0 oauHMIb
3a mkanowo McFarland BHOcHnm y BmacHi cTpyk-
TYpHI KOMIIOHEHTH, KyJbTUBYBAJIM 32 TeMIepaTypH
(37 £ 1)°C ynponosx 72 roauH, neHtpudyrysaim
Ta QinerpyBanu [7]. as oTpuMaHHS OpUTiHAIBHUX
MeTaloMITIB MIKPOOHY CYyCIEH3il0 caxapoMileTiB
JI0/1aBaJId JI0 CTPYKTYPHUX KOMIIOHEHTIB JaKTOOaK-
tepiit (LS) abo BHOCWIM cyMillli MiKpOOHUX KITITHH
JAKTOOAKTepid 1 caxapoOMIlETiB /0 CTPYKTypHHUX
KOMTOHEHTIB L. rhamnosus GG (MLS) [6].

O6pobIeHi yITbTPa3ByKOBUM OIIPOMIHEHHSIM 3pa3-
ku L. rhamnosus GG (L) 1 S. boulardii (S), sxi
MICTATh CTPYKTYpHI KOMIIOHEHTH, TPOAYKTH MeTa-
Oonismy makrobakrepiii (ML), caxapominetiB (MS,
LS) i cymim (MLS), nearpudyrysanu mpu 1000g
ynporok 30 XB, a cymepHaTaHT MpoITycKaln
yepe3 meMOpanHuil Qinsrp «Bnaginop» M®PAC-b
Ne 4 (miamerp mop 0,2 mxm). [lomanpmii mgocmif-
JKCHHS MPOBOAMIIM Ha JIBOX TpyHax 00’ €KTiB: CTPyK-
TypHuX KommnoneHTax (L, S) ta merabomitax (ML,
MLS, MS, LS) L. rhamnosus GG 1 S. boulardii,
aki € BAK mpobioTMuHHX MiKpoopraHizmiB [0,
71.
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and Epidemiological 05.03.02-03/
58212).

The L. rhamnosus (LGG®) and S. boulardii
strains were cultured on solid nutrient media
that met the nutritional needs of microorga-
nisms: Lactobacagar and Sabouraud medium [17].
Samples were incubated for 18-20 hrs at (37 = 1)°C,
rinsed out of culture medium with 0.9% sodium
chloride solution. Then the microbial mass was
three-fold washed out of medium residues. Sus-
pensions of L. rhamnosus and S. boulardii micro-
organisms were prepared with 0.9% sodium chlo-
ride using Densi-La-Meter device (PLIVA-Lachema
Diagnostika, Czech Republic) and brought to an
optical density of 10.0 units by McFarland stan-
dards according to the manufacturer’s instructions.
Microbial cells of lactobacilli and saccharomycetes
underwent ultrasonic treatment using G3-109 ge-
nerator (Velikoluksky Radio Plant, Russia). The
treated samples of L. rhamnosus GG (L) and S. bou-
lardii (S), containing structural components, were
used to culture lactobacilli and fungi, as well as
for experiments [11, 12].

Metabolites of L. rhamnosus (ML) and S. bou-
lardii (MS) were procured from the producer
culture media in structural components of probio-
tics. Microbial suspensions of lactobacilli or saccha-
romycetes with an optical density of 10.0 units by
McFarland standards were introduced into the own
structural components, cultured at (37 £ 1)°C for
72 hrs, then centrifuged and filtered [12]. To obtain
the original metabolites, a microbial suspension of
saccharomycetes was supplemented to structural
components of lactobacilli (LS) or the mixtures of
lactobacilli and saccharomycetes microbial cells
were added to structural components of L. rhamnosus
GG (MLS) [11].

Samples of L. rhamnosus GG (L) and S. boulardii
(S), treated with ultrasonic irradiation, containing
structural components, metabolic products of lac-
tobacilli (ML), saccharomycetes (MS, LS) and
mixture (MLS), were centrifuged at 1,000g for
30 min, and the supernatant was filtered through
membrane filter ‘Vladipor’ MFAS-B Ne 4 (0.2 um
pore diameter). Further studies were performed in
two groups of objects: structural components (L, S)
and metabolites (ML, MLS, MS, LS) of L. rhamnosus
GG and S. boulardii, being the BACs of probiotic
microorganisms [11, 12].

Biologically active complexes of structural com-
ponents and metabolites (metabolic compounds)
of L. rhamnosus GG and S. boulardii were stored
under different conditions:

- for 6 months in a frozen state at (23 + 1)°C.
The BACs samples were frozen by passive cooling

Service (Ne




Bionoriuno akTHBHI KOMIUIEKCH CTPYKTYPHHX
KOMITOHEHTIB 1 METaboIiTiB (MeTabONITHUX CIOMYK)
L. rhamnosus GG Ta S. boulardii 36epiranu 3a piz-
HUX YMOB:

- 6 MicAIliB Y 3aMOpPOXKEHOMY CTaHi 3a TeMIle-
parypu (—23 + 1)°C. 3pasku BAK 3amopoxyBamu
MTACUBHUM OXOJIOPKCHHSIM y MOPO3WIBHIA Kamepi
xonoamibHUKa «Samsung RB29FSRNDSA» («Sam-
sung», Kopes). Ilicns 1mporo 3paskud po3MOpOXKY-
BaJIM Ha BOJSIHIM OaHi 3a Temneparypu (37 £ 1)°C;

- 6 MICSIIIB Y TiMmoTepMiuyHUX yMoBax 1pH (4 = 1)°C;

- 60 116 y rinorepmiunux ymoBax npu (4 = 1)°C.

YTBOpeHHs OiomniBok npenacraBHukamu Coryne-
bacterium BWBYAaNM HAa TOKCUTEHHHMX TECT-IITaMax
KOpUHEOaKTepii, sSKi 30epiraroThbcs B KOJNEKI MiK-
poopraHizmiB  nadoparopii NpodiTaKTHKH — Kpar-
muaHEX iHQekmin (Y «IMI HAMH», VYkpaina):
Corynebacterium ulcerans tox+ 112; Corynebacte-
rium diphtheriae gravis tox+ 108; Corynebacterium
diphtheriae gravis tox+ 149 ta Corynebacterium
diphtheriae belfanti tox+ 147. MikpoopraHi3mu Bu-
POLIYBaJIM Ha CHOPUSTIAMBHX JUIS 3a3HAUYEHHX T1aTO-
TeHHUX OaKTepili MOKUBHUX CepeloBHIIAx (KpOB’si-
Ho-TenmypuroBuid arap) [11]. Kymerypm cunxpo-
Hi3yBaJM B TiNOTEPMIYHHX YMOBax 3a TEMIIEpaTypH
(4 £ 1)°C mpotsrom 30 xB [1]. 3aBuCh Mikpoop-
TaHi3MiB TOTyBalH 3 JOOOBHX KYJIBTYp TOKCHICH-
HUX IITaMiB KopuHeOakTepid. ONTHYHY TYCTHHY
cycrieH3iit OaxTepiit 3a mkanoro McFarland («Densi-
La-Meter», «PLIVA-Lachema Diagnostikay, Uexis).
Konmnentparist Mmikpoouux kiaitua Corynebacterium
y KiHIIeBoMy po3BeneHHi ckinanana 1,5 x 107 KYO / mu.

MikpoOHi OIOIUTIBKM TMMaTOTeHHUX 30YJHHKIB
OTPUMYBAJM B CTEPUJILHUX TOJNICTHPOIOBUX IUIOC-
KOAOHHHX 96-myHKOBUX MiaHmerax («Ekcimkap-
rorpeiy, Ykpaina) 3a merogom S. Stepanovic’ Ta
cmiBasT. [19]. B yci mocniaHi Ta KOHTPOJIBHI JIyHKH
BHOCWIX 110 110 MKJ TpinTiKa30-co€BOTO OYIEHOHY
ta 1% mnmoko3u. IlocTymoBo nocmigHi JTyHKH J10-
noBHIoBan BAK, a koHTponmbHI — (i3iomorivHUM
po3unHOM Harpito xmnopuny mo 30 mxm. o mocmia-
HUX Ta HO3UTUBHUX KOHTPOJIBHUX JIYHOK (KOHTPOJIb
KYJIBTYpH) mofaBainu 1mo 10 MK cycrmensii KITiTHH
Corynebacterium, y HeratuBHI KOHTPOJBHI JyHKH
(KOHTPOJIb CEepeIOBHUIIA) 3aMICTh 3aBHCI TECT-KYIIb-
Typ KopuHeOakTepiit — (pi3i0noriYHnii po34rH HATPirO
xnopuny. [epMeTHuHO ynakoBaHi IUIAHIIETH 1HKYOy-
BaJIM B TEPMOCTATI MPOTATOM 24 TOIWH 3a TeMIlepa-
typu (37 £ 1)°C. Ha nactynHOMy eTarli BUIQJISIH
BMICT JYHOK, Tpuui M’siko BiamuBaiu 0,1 M doc-
(batHO-comboBUM Oydepom (pH 7,2) i3 HacTymHUM
BUCYLIYBaHHSIM IUIAHILETIB ymnpoxoBk 60 XB mpu
(60 £ 1)°C. 3adikcoBaHi OIOIUTIBKH 3a0apBITFOBATH
1 %-m pozunHOM KpucTansionety (150 Mk Ha TyH-
Ky). [licnst peTeTpHOTO TPOMHUBAHHS AUCTHILOBAHOIO

in a freezer of ‘Samsung RB29FSRNDSA’ refrige-
rator (Samsung, South Korea), followed by samples’
thawing in a water bath at (37 + 1)°C;

- for 6 months under hypothermia at (4 = 1)°C;

- for 60 days under hypothermia at (4 + 1)°C.

The biofilm formation by Corynebacterium
representatives was studied in toxigenic cory-
nebacteria test strains, stored in the collection of
microorganisms of the Laboratory of the Airborne
Infections Prevention (SI ‘Mechnikov Institute for
Microbiology and Immunology of the National
Academy of Medical Sciences of Ukraine’, Uk-
raine): Corynebacterium ulcerans tox+ 112; Cory-
nebacterium diphtheriae gravis tox+ 108; Coryne-
bacterium  diphtheriae gravis tox+ 149 and
Corynebacterium diphtheriae belfanti tox+ 147. Mic-
roorganisms were cultured with nutrient media
favorable for these pathogenic bacteria (blood-
tellurite agar) [1]. Cultures were synchronized
under hypothermia at (4 + 1)°C for 30 min [2].
The microorganism suspension was prepared from
daily cultures of toxigenic strains of corynebacteria.
Optical density of bacterial suspensions was de-
termined by the McFarland standards (Densi-La-
Meter, PLIVA-Lachema Diagnostika, Czech Repub-
lic). The concentration of Corynebacterium mic-
robial cells in the final dilution was 1.5 x 10’CFU / ml.

Microbial biofilms of pathogens were obtai-
ned in sterile polystyrene flat bottom 96-well
plates (EximCargoTrade, Ukraine) by the method
described by S. Stepanovic er al. [19]. All the
experimental and control wells were filled with
110 ul of trypticase-soy broth and 1% glucose.
Experimental wells were gradually filled with
BACs, and by 30 pl of saline were introduced into
the control ones. The experimental and positive
control wells (culture control) were supplemented
with 10 pl of Corynebacterium cell suspension,
and the saline was introduced into the negative cont-
rol wells (medium control) instead of the suspen-
sion of corynebacterial test cultures. Hermetically
sealed plates were incubated in a thermostat for
24 hrs at (37 £ 1)°C. The next step included
the removal of well content, three-fold washing-
out with 0.1 M phosphate-buffered saline (pH 7.2),
followed by plate drying for 60 min at (60 + 1)°C.
The fixed biofilms were stained with 1% crystal
violet solution (150 pl per well). After thorough
washing with distilled water, the wells were fil-
led with 150 pl of 96° ethanol and kept at room
temperature for 30 min. The optical density (OD)
of the experimental and control samples was mea-
sured using the ‘Lisa ScanTM EM’ 8-channel
microplate analyzer (Erba Mannheim, Czech Re-
public) at 630 nm wavelength. The presence or
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BOJIOIO Y JIyHKH BHOCWIM 10 150 Mkn 96° eranomy
Ta BUTpUMYyBagu 30 XB 3a KiMHATHOI Temmepary-
pu. ONTHYHY TYCTHHY IOCHIJHUX 1 KOHTPOJIBHUX
3pa3KiB BHMIpIOBaJIM 3a JIOTIOMOTOI0 8-KaHAILHOTO
MIKpOTIIaHIIIeTHOTO aHami3aropa «Lisa Scantm EM»
(«Erba Mannheimy», Yexis) mpu JOBKHHI XBHII
630 HM. 3a 3MIHOIO ONTHUYHOI MIUTBHOCTI TECT-KYiIh-
TYpH B JOCHIIHINA TIpo0i MOPIBHSIHO 3 KOHTPOIHHUM
3pa3koM BH3HaYajdW HasBHICTb a00 BIiJCYTHICTb
BILUMBY JociipkyBaHnx BAK Ha yTBopeHHs Oi0TUTiBKH
naToreHoM. Po3paxyHOK 3JaTHOCTI JOCII/KYBaHUX
PCUOBMH BIUTMBATH Ha OIOIMIIBKOYTBOPEHHS 30y/-
HUKIB IpoBoaviH 3a opmysoro [19]:

OD,,, = ODc - ODs,

ne ODc — cepenne gocimigHoro mramy, ODB — 3HaueHHS
BiICiUKM (BIAPWBHE 3HAUCHHS), SKE PO3PaXOBYBa-
mu HacTymHuM drHOM: ODB = ODHK + (3 X SDHK),
ne ODHK — cepeHe HETraTMBHOTO KOHTpOo, SDHK —
CTaHaPTHE BIJXUJICHHS HEraTUBHOI'O KOHTPOJIIO.

CyTh pO3paxyHKy MOJATac B YCEPEIHEHHI OTPH-
MaHMX pe3yibTariB (cepeani 3HaueHHss OD Bu3Haue-
HO I BCIX HOCHIJHMX TECT-IITAMIB 1 HEFAaTUBHUX
KOHTPOJIIB), a TaKOX Yy BCTAHOBIICHHI T'PaHUYHO-
ro 3HadeHHs OD 3a MOMOMOrow TPHOX CTaHAAPT-
Hux BimxwmieHb SD. Ilix yac omiHKM Ta MOPIBHSHHS
pesyabraTiB GopMyBaHHS OIOIUTIBOK TECT-KYIBTYD,
pPO3paxoBaHMX 3a BHIEHABEIEHOO (hOPMYIIOI0, HeTra-
TUBHHUH KOHTPOJH € BUXITHUM TSI BCIX PO3PaxyHKIB
[19]. Yci BunpoOyBaHHS BUKOHYBAJIA TPUYi B TPHOX
MOBTOPAx.

OOpoOKy oJiepKaHUX PE3YIBTATIB JA0CIIKCHb
3MIACHIOBAIM HAa MEPCOHAJILHOMY KOMIT'IOTEpi 3a
noromoroto nporpamu «Excel 2010» («Microsofty,
CIIIA). Po30ixkHOCTI MiX IOKa3HUKaMU BBa)Xalld
CTAaTUCTUYHO 3Hauymmmu mpu p < 0,05.

Pe3ysbTaTn T2 00rOBOpEeHHS

[Ticas 6-micssaHOTO 30€piraHHs y 3aMOPOKEHOMY
crani mpu (—23 + 1)°C Bci BAK L. rhamnosus GG
1 8. boulardii mokazamu BHUCOKY 3IaTHICTh TIPHUT-
HIYyBaTH YTBOPCHHS OIOIUTIBKH TECT-KYJIETYpaMu
TOKCUTeHHUX KopuHeOakTepiit (puc. 1). Cratuctny-
HO 3Hauyle 3HIWKEHHS QOopMyBaHHS OiOIUTIBKH
C. ulcerans tox+ 112 cnocrepiranu Tmia BIUIH-
BOM 3paskiB S B 5,8 Ta 18,7 pasiB micnsi BATPUMKH
3 MS mnopiBasiHO 3 KoHTposneM (p < 0,05). Buaci-
nok BrumBy iHmmx BAK (L, ML, MSL, LS) Ha
C. ulcerans tox+ 112 MOBHICTIO NPHUTHIYYBaJIOCS
YTBOpPEHHsI O1OIUTIBKM 3a3HAYEHUM MAaTOTCHOM. YCi
eKCIIepUMEHTANIbHI 3pa3Ku Micis 6-micsiaHOTO 30€-
piraHHs aKTHUBHO BIUIMBAJIM 1 Ha TECT-KYJIbTYPY
cmaboTokcureHHoro npexacraBauka C.d. gravis tox+
108. BiacyTricTh (QopmyBaHHS OiOIUTIBOK JaHUM
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absence of the impact of the studied BACs on
biofilm formation by pathogen was evaluated by
the change in OD of the test culture in the studied
sample as compared with the control. The ability
of the studied substances to affect the biofilm
formation of pathogens was calculated by the for-
mula [19]:

OD,,.,= ODm - ODc,

where ODm is the mean of experimental strain, ODc
is the cut-off value, calculated as follows: ODc¢ =
ODnc + (3 x SDnc), where ODnc is the mean of
negative control, SDnc is the standard deviation
of negative control.

This calculation consisted in averaging the re-
sults obtained (the mean values of OD were
determined for all the studied test strains and ne-
gative controls), as well as in establishing the
limit value of OD using three standard devia-
tions. When evaluating and comparing the results
of biofilm formation in test cultures, calculated by
the above formula, the negative control is initial
for the whole calculations [19]. All the tests
were performed three times in 3 replicates.

The data obtained were processed with ‘Excel 2010°
software (Microsoft, USA). Differences between
indices were considered significant at p < 0.05.

Results and discussion

After 6-month storage in a frozen state at
(<23 £ 1)°C, all the BACs of L. rhamnosus GG
and S. boulardii showed a high ability to inhibit
the biofilm formation by test cultures of toxigenic
corynebacteria (Fig. 1). Under the samples S
impact, a biofilm formation in C. ulcerans tox+
112 was significantly decreased by 5.8 times, and
after exposure to MS it reduced by 18.7 times vs.
the control (p < 0.05). Due to the impact of other
BACs (L, ML, MSL, LS) on C. ulcerans tox+ 112,
the biofilm formation by the mentioned pathogen
was completely inhibited. All the experimental
samples after 6-month storage actively affected
the test culture of a weakly toxigenic species of
C.d. gravis tox+ 108 as well. Absence of biofilm
formation by this strain after exposure to the
substances of probiotic origin testified to a higher
sensitivity of the specified pathogen to experimen-
tal BACs.

The results of studying the effect of L. rham-
nosus GG and S. boulardii BACs, stored for 6 months
under hypothermic conditions (4 + 1)°C, on the
formation of biofilms by the above toxigenic
Corynebacterium species are presented in Fig. 2.
No significant difference in the reduction of bio-
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Puc. 1. Bnnue GionoriyHo akTmBHUX KoMnnekciB L. rhamnosus GG i S. boulardii, siki 36epiranncst y 3aMopoXXeHoMy CTaHi
npoTarom 6 micsiliB, Ha opmyBaHHSA GiONNIBKM TOKCMreHHUMK npeactaBHukammn Corynebacterium: A — C. ulcerans tox+
112; B-C.d. gravis tox+ 108; C — n03nTMBHUI KOHTPOIb (YTBOPEHHS GionniBok TOKcureHHumu 36yaHunkamun Corynebacterium
B MPUCYTHOCTI hi3ionoriYHoro po3ynHy HaTpito xnopuay); L — cTpykTypHi komnoHeHTu L. rhamnosus GG, oTpuMmaHi nicns
00pOo6BKM MIKPOBOHMX KMiTUH NTakTOBGaKTepiln ynNbTpa3ByKoOBMM ONPOMiHEHHSAM; ML — meTabonitu (MeTaboniTHi cnonyku) nak-
TobakTepin; MLS — kombiHauis meTaboniTiB caxapomileTiB i naktobakTepii; S — CTPYKTYpHi KoMnoHeHTn S. boulardii, oT-
pvMaHi nicns 06pobkun MiKpoBHMX KNITUH caxapoMILETIB yrbTpa3ByKOBUM ONPOMiHEHHSAM; MS — meTabonitv (MeTaboniTHi
CMOJYKN) CaxapoMILETIB i3 cepeaoBuLL KynbTUBYBaHHSA S. boulardii y CTPYKTYpHUX KOMMOHeHTax S; LS — meTabonitn (me-
TaboniTHi cnonyku) caxapoMileTiB i3 cepenoBuLL, KynbTMBYBaHHS S. boulardii B CTPYKTYPHUX KOMMOHeHTax L; * — BigMiH-
HOCTi 3HauyLLi BiAHOCHO KOHTponto, p < 0,05.

Fig. 1. Effect of biologically active complexes of L. rhamnosus GG and S. boulardii, stored in a frozen state for 6 months,
on the formation of biofilms by toxigenic Corynebacterium species: A — C. ulcerans tox+ 112; B — C.d. gravis tox+ 108;
C — positive control (formation of biofilms by toxigenic Corynebacterium pathogens in presence of physiological sodium
chloride solution); L — structural components of L. rhamnosus GG, obtained after treatment of lactobacilli microbial cells with
ultrasonic irradiation; ML — metabolites (metabolic compounds) of lactobacilli; MLS — a combination of saccharomycetes
and lactobacilli metabolites; S — structural components of S. boulardii, obtained after treatment of microbial cells of
saccharomycetes with ultrasonic irradiation; MS — metabolites (metabolic compounds) of saccharomycetes from
S. boulardii culture media in structural components of S; LS — metabolites (metabolic compounds) of saccharomycetes

from S. boulardii culture media in structural components of L; * — significant differences relative to control, p < 0.05.

LITaMOM TICJIsl BIUIMBY PEYOBHH NPOOIOTHYHOTO
MOXO/PKEHHS CBIUUTH MPO OUIBIIY YyTIMBICTH 3a3-
HaueHOro naroreHy a0 aocmigaux BAK.

Pesynwsratn BuBuenHs BrumBy bAK L. rhamnosus
GG 1 S. boulardii, sixi 36epiramucs mpoTsIroM 6 Mi-
camiB y rimorepmiuamx ymoBax ((4 £ 1)°C), nHa
(hopMmyBaHHS OiOTUTIBOK 3a3HAYCHWMH BHIIE TOKCH-
reHHUMH TpencraBaukamu Corynebacterium mpen-
crariieH0 Ha puc. 2. CTaTHCTUYHO 3HAYYMIO Pi3-
HUIl 3HWKEHHS YTBOPEHHS OI1OIUIIBOK MaTOreHAMH
MOPIBHSIHO 3 KOHTPOJIEM He BCTaHOBJIECHO (p > 0,05).
[Micna BmnmuBy 3paskiB L, ML, MSL dopmyBanus
010IUTIBOK TOKCHI'€HHUMHM mpeacTaBHUKamMu Cory-
nebacterium Oyio Ha piBHI KOHTpOJIIO a00 HE3HAdy-
e 3meHIryBanocs. 3actocyBanas bAK (S, MS, LS)
3HavyIIe 30iIbIryBaso GopMyBaHHS OIOTUTIBOK J10-
CITITHAMH TE€CT-KYJIBTYpaMH ITOPIBHSHO 3 KOHTPOJIEM
(p < 0,05). BinmiHHOCTEH BIUIMBY HOCTIAHUX TPOO
3aJIe)KHO BiJ] IITaMy TOKCHUTCHHOTO IPEJCTaBHUKA
Corynebacterium He BiIMI4Y€HO.

[Micns cxopoueHHs TepMiHy 30epiraHHs TNIpH
(4 £ 1)°C nmo 60 ni6 mani momo 3marHocTi BAK

132

film formation by pathogens compared with the
control was found (p > 0.05). After exposure to
L, ML, MSL samples, the formation of biofilms
by toxigenic Corynebacterium species was at the
control level or slightly decreased. The use of BACs
(S, MS, LS) significantly increased the formation
of biofilms by experimental test cultures compared
with the control (p < 0,05). No differences in
the effects of experimental samples depending
on the strain of the toxigenic Corynebacterium
species were observed.

After reducing the shelf life at (4 = 1)°C to
60 days, the data on the ability of L. rhamnosus
and S. boulardii BACs to inhibit the formation of
biofilms by corynebacteria differed from the pre-
vious ones (Fig. 3). A significant decrease in the
formation of biofilms by both test cultures compa-
red to the control (p < 0.05) was observed after
exposure to S in 1.6 and 7.8 times depending on
the sensitivity of the experimental strain.

Metabolic compounds of saccharomycetes sig-
nificantly reduced the biofilm formation in one
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Puc. 2. Bnnue GionoriyHo akTMBHUX komnnekciB L. rhamnosus GG i S. boulardii, siki 36epiranuncst y rinotepmiyHnx ymo-
Bax nMpotsarom 6 micsAuis, Ha dopMyBaHHA GionniBKM TOKCUreHHUMK npeactaBHukamun Corynebacterium: A — C. ulcerans
tox+ 112; B — C.d. gravis tox+ 108; K — no3uTuBHWMIA KOHTPOMb (YTBOPEHHS GionniBok TokcureHHumn 36ygHukamm Co-
rynebacterium y npucyTHOCTI (Pi3ioNoriYyHOro posvmHy Hatpito xrnopuay); L — cTpykTypHi kOMnNoHeHTn L. rhamnosus GG,
oTpuMaHi nicrs 06pobky MIKPOBHMX KNITUH NakTobakTepin ynsTpa3ByKOBMM OMPOMiHEHHSM; ML — meTabonitu (meTaboniT-
Hi cnonykn) naktobaktepin; MLS — kombiHauig meTaboniTiB caxapomiueTiB Ta nakTobakTepin; S — CTPYKTYPHI KOMMOHEH-
1 S. boulardii, oTpyMaHi nicnst 06pobkn MiKPOOHUX KNITUH caxapoMiLeTiB yNbTPa3ByKOBUM OMNPOMiHEHHSIM; MS — meTa-
6oniTn (MeTaboniTHi cnonykn) caxapoMmileTiB i3 cepefoBuL, KynbTuByBaHHA S. boulardii B CTPYKTYPHUX KOMMOHEHTax S;
LS — wmertabonitn (metaboniTHi cnomyku) caxapoMmiuleTiB i3 cepedoBwuL, KynbTMBYBaHHA S. boulardii B CTPYKTYpPHMX
KomnoHeHTax L; p < 0,05.

Fig. 2. Effect of biologically active complexes of L. rhamnosus GG and S. boulardii, stored under hypothermic conditions
for 6 months, on the formation of biofilms by toxigenic Corynebacterium species: A — C. ulcerans tox+ 112; B — C.d.
gravis tox+ 108; C — positive control (formation of biofilms by toxigenic Corynebacterium pathogens in the presence of
saline sodium chloride); L — structural components of L. rhamnosus GG, obtained after treatment of lactobacilli
microbial cells with ultrasonic irradiation; ML — metabolites (metabolic compounds) of lactobacilli; MLS — a combination
of saccharomycetes and lactobacilli metabolites; S — structural components of S. boulardii, obtained after treatment of
microbial cells of saccharomycetes with ultrasonic irradiation; MS — metabolites (metabolic compounds) of saccharo-
mycetes from S. boulardii culture media in the structural components of S; LS — metabolites (metabolic com-

pounds) of saccharomycetes from S. boulardii culture media in the structural components of L; p < 0.05.

L. rhamnosus 1 S. boulardii npurHiayBaT# yTBOPEHHS
010TUTIBKM KOPHHEOAKTEPISIMU BIAPIZHSUIUCS Bij 1O-
nepeaHix (puc. 3). CTaTUCTUYHO 3HAUYIIE 3HHMKCH-
HSl YTBOPEHHs OIiOILTIBOK 00OMa TeCT-KyJIbTypamu
nopiBHsHO 3 KoHTpojieM (p < 0,05) crocrepiranocs
micnst BBy Sy 1,6 Ta 7,8 pasiB 3anexHO Big uyT-
JIUBOCTI JTOCITITHOTO IITaMy.

MeTa0omiTHI CIIONYKH CaxapOMIIETiB 3HadyIIe
3MCHIITYBaIH (OpMyBaHHS OIOTUIIBKH y OIHOTO i3
natoreHiB Corynebacterium (p < 0,05) B 18,5 pa3
BIJIHOCHO KOHTPOJIIO, a Y APyroro (OLIbII 4y TIUBOTO
no BAK mpencraBHuka xopuHeOakTepiil) BinmmiueHe
MOBHE TIPUTHIYEHHS YTBOPEHHS OiOILUTIBKH. 32 YMOB
3acrocyBanHs 3pa3kiB L, ML, MSL ta LS B 000x
TOKCHT'€HHHX IITaMax croctepiraiocs mosHe (100 %)
MPUTHIYEHHsT yTBOpeHHA OiorumiBku. [ocmimHi pe-
YOBHHH, SIKI 3HaXOIATHCS Yy TIMNOTEPMIYHHX YMO-
Bax IMPOTATOM MeHImoro vacy (60 mi0), 30epirarotb
aHTHOIOMIIBKOBY akTuBHICTE BAK L. rhamnosus
1 S. boulardii mo BIAHOWIEHHIO 1O TOKCHUTCHHUX
tecT-KyneTyp Corynebacterium. OTpuMaHi pe3yib-
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of the pathogens of Corynebacterium (p < 0.05)
in 18.5 times relative to the control, and in other
(more sensitive to BACs corynebacteria species)
the biofilm formation was completely inhibited.
Under the conditions of application of L, ML,
MSL and LS samples in both toxigenic strains,
a complete (100%) inhibition of biofilm forma-
tion was observed. The test substances being
under hypothermic conditions for a shorter time
(60 days), retained the antibiotic film activity
of L. rhamnosus and S. boulardii BACs against
toxigenic Corynebacterium test cultures. The obtai-
ned results coincide with the data presented in Fig. 1
regarding the retention of test substances for a
long time (6 months) in a frozen state.

Thus we confirmed the efficiency of storage
of the objects under study in a frozen state at (23 +
+ 1)°C for 6 months. All experimental samples
of L. rhamnosus and S. boulardii BACs retain
the ability to reduce the formation of biofilms
by toxigenic Corynebacterium species.
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Pwuc. 3. Bnnue 6ionoriyHo akTuBHUX komnnekciB L. rhamnosus GG i S. boulardii, siki 36epiranvcs y rinotepmiyHnx ymosax
npotarom 60 ai6, Ha hopmMyBaHHs GionniBkM TOKCMreHHUMKN npeacTaBHukamu Corynebacterium: A — C. ulcerans tox+ 112;
B - C. d. gravis tox+ 108; K — N03UTUBHUI KOHTPOMNb (YTBOPEHHSI GionniBok TokcureHHMmU 36yaHukamu Corynebacterium
Yy NPUCYTHOCTI i3ioNoriYHOro po3ymHy Hatpito xnopuay); L — cTpyKkTypHi KomnoHeHTu L. rhamnosus GG, oTpumaHi nicns
06pOBKM MIKPOBHMX KNITUH NakTobakTepivi ynsTpasBykoBUM ONpoMiHeHHAM; ML — meTtaboniti (MeTaboniTHi cnonyku) nak-
TobakTepin; MLS — kombiHauis meTaboniTiB caxapoMiLeTiB Ta NnakTtobakTepiii; S — CTPYKTYpHi koMNoHeHTH S. boulardii,
oTpumaHi nicng o6pobkm MiKpOOHUX KMITUH CaxapoMILETIB yNbTPa3ByKOBUM ONpoMiHeHHAM; MS — meTabonitn (MeTabonit-
Hi CMONyKM) caxapoMILETIB i3 cepefoBuLL KynbsTuByBaHHA S. boulardii B CTPyKTYpHUX KOMMOHeHTax S; LS — meTtabonitn
(meTaboniTHI cnonykun) caxapoMmileTiB i3 cepenoBuLL, KynbTUBYBaHHsS S. boulardii B CTPyKTYpHUX KOMMOHeHTax L; * — Big-
MiHHOCTI 3HauyLLi BIiGHOCHO KOHTpornto, p < 0,05.

Fig. 3. Effect of biologically active complexes of L. rhamnosus GG and S. boulardii, stored under hypothermic conditions
for 60 days, on the formation of biofilms by toxigenic Corynebacterium species: A — C. ulcerans tox+ 112; B — C. d. gravis
tox+ 108; C — positive control (formation of biofilms by toxigenic Corynebacterium pathogens in the presence of saline
sodium chloride); L — structural components of L. rhamnosus GG, obtained after treatment of lactobacilli microbial cells with
ultrasonic irradiation; ML — metabolites (metabolic compounds) of lactobacilli; MLS — a combination of saccharomycetes
and lactobacilli metabolites; S — structural components of S. boulardii, obtained after treatment of microbial cells of
saccharomycetes with ultrasonic irradiation; MS — metabolites (metabolic compounds) of saccharomycetes from S.
boulardii culture media in the structural components of S; LS — metabolites (metabolic compounds) of saccharomycetes
from S. boulardii culture media in the structural components of L; * — significant differences relative to control, p < 0.05.

TaTH CHIBMAJAI0Th 3 JaHUMHU pHC. | BITHOCHO yTpH-
MaHHS JOCIIAHUX PEYOBUH TPUBAINH dac (6 MicAIIiB)
y 3aMOPOKEHOMY CTaHI.

OTxe, HAaMH TIATBEPKEHO ePEeKTUBHICTH 30epi-
raHHsi 00’ €KTIB JOCIIHKEHHSI B 3aMOPOKEHOMY CTaHi
mpu (—23 £ 1)°C Brpogosx 6 MicsiiB. Yci A0CiiHI
3pa3ku BAK L. rhamnosus 1 S. boulardii 36epiraiotsb
3MIATHICTh JIO 3HIDKEHHSI YTBOPEHHS O10TUTIBOK TOK-
cUreHHUMHU npeacraBHukamu Corynebacterium.

[Ticst BUTpUMKH 3pa3KiB BiMTOBIAHAHN Yac y TiMo-
TepMivyHUX ymoBax mpH (4 £+ 1)°C Ha BigMiHY Bix
36epirarns mpu (—23 £ 1)°C moka3HUK aHTHO10TITiB-
KOBOi akTHBHOCTI y mpobax L, S, ML MSL 3umxy-
BaBCsl, IO MPOSBIISUIOCS B 3MEHIICHHI (OpMyBaHHSI
010IUTIBOK TMAaTOreHHUMH KopuHeOakTepisimu. [Ipu
upoMy 3pazkn MS i1 LS 3a Takux yMOB He BIUIMBa-
Y Ha CKOPOYCHHS TEpMiHYy YTBOPEHHS OiOTIIBKH
3a3HauE€HHMHU MAaTOTCHAMH W HATOMICTh CTaTHCTHY-
HO 3Hayylle CTUMYNIOBaJIu (OpMyBaHHS OiOMIIiBOK
TECT-KYJIbTYPaMH.

Ha puc. 4 npeacraBieHo CTymiHb yTBOpEHHS 0i0-
IUTIBOK TTAaTOTEHHUMH TIPEICTaBHUKAMH, AKi BiIpi3-
HSIOTBCS Bi JOCIHIHKCHUX paHilIe KOPHHEOAKTEPiH.
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After keeping the samples for a certain time
under hypothermic conditions at (4 £+ 1)°C in contrast
to storage at (23 = 1)°C, the index of antibiofilm
activity in L, S, ML MSL samples was decreased, that
was manifested in a reduced biofilm formation by
pathogenic corynebacteria. In this case, the MS and
LS samples under such conditions did not affect the
reduction of the time of biofilm formation by these
pathogens and instead significantly stimulated the
formation of biofilms by test cultures.

Fig. 4 shows the degree of formation of biofilms
by pathogens that differ from the previously studied
corynebacteria. Toxigenic strain of C. d. gravis tox+
149 from the previous toxigenic test culture has a
lower level of biofilm formation. The formation
of this pathogen biofilm was completely inhibited
after exposure to all experimental L. rhamnosus and
S. boulardii BACs, stored under hypothermic con-
ditions for 60 days, except S, which did not
significantly reduce the time of biofilm formation by
pathogenic bacteria.

Test culture C. d. belfanti tox+ 147 was
less sensitive to experimental samples of L. rham-
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Puc. 4. Bnnue 6ionoriyHo akTMBHUX kKomnnekciB L. rhamnosus GG i S. boulardii, siki 36epiranucs y rinoTepmiyHnx ymoBax
npotarom 60 fi6, Ha dopmyBaHHS GionniBkyM TOKCUreHHUMK npeacTaBHukamu Corynebacterium: A — C. d. gravis tox+ 149;
B — C. d. belfanti tox+ 147; K — NO3MTUBHWI KOHTPOIb (YyTBOPEHHS BionniBok TOkcureHHUMU 36yaHukamu Corynebacterium
B MPUCYTHOCTI (hi3ioNOriYHOro po34nHy HaTpito xnopugy); L — cTpykTypHi komnoHeHTu L. rhamnosus GG, oTpumaHi nicns
06pO6KM MIKPOBHMX KNITUH NakTobakTepili ynNsTpasBykoBUM ONpoMiHEHHAIM; ML — meTaboniTv (MeTaboniTHi cnonykm) nak-
TobakTepin; MLS — kombiHauis meTaboniTiB caxapoMiLeTiB Ta naktobakTepii; S — CTPYKTYpHi koMnoHeHTu S. boulardii,
oTpuMaHi nicng 06pobkn MiKpOOGHUX KMITUH CaxapoMILETIB YNbTPa3BYKOBUM ONpoMiHeHHAM; MS — meTabonitn (MeTaboniT-
Hi CMONyKM) caxapoMILETIB i3 cepenoBuLL KynbTUByBaHHSA S. boulardii B CTPYKTYpHUX KOMMOHeHTax S; LS — meTtabonitn
(meTaboniTHi cnonykn) caxapoMmileTiB i3 cepefoBULL, KynbTUBYBaHHS S. boulardii B CTPyKTYpHUX KOMMOHeHTax L; * — Big-
MiHHOCTI 3HaJyLLi BiGHOCHO KoHTponto, p < 0,05.

Fig. 4. Effect of biologically active complexes of L. rhamnosus GG and S. boulardii, stored under hypothermic conditions
for 60 days, on the biofilm formation by toxigenic Corynebacterium species: A — C. d. gravis tox+ 149; B — C. d.
belfanti tox+ 147; C — positive control (formation of biofilms by toxigenic Corynebacterium pathogens in the presence
of physiological sodium chloride solution); L — structural components of L. rhamnosus GG, obtained after treatment of
lactobacilli microbial cells with ultrasonic irradiation; ML — metabolites (metabolic compounds) of lactobacilli; MLS —
a combination of saccharomycetes and lactobacilli metabolites; S — structural components of S. boulardii, obtained after
treatment of microbial cells of saccharomycetes with ultrasonic irradiation; MS — metabolites (metabolic compounds) of
saccharomycetes from S. boulardii culture media in structural components of S; LS — metabolites (metabolic compounds)
of saccharomycetes from S. boulardii culture media in structural components of L; * — significant differences relative

to control, p < 0.05.

Tokcurennuit mram C. d. gravis tox+ 149 mopis-
HSTHO 3 TIONEPEIHBOI0 TOKCUTCHHOIO TECT-KYJIBTYPOIO
Mae OiTbII HU3BbKHH PiBEHb YTBOPEHHs OiOIIIiBKH.
[loBHe mnpurHiueHHs QopMyBaHHS BKa3aHUM IIa-
TOTEHOM OIOTUTIBKH CIIOCTEPIranocs TMiCHs BILTUBY
Bcix pocmignux BAK L. rhamnosus 1 S. boulardii,
10 30epiraivcs B TIMOTEPMIYHUX YMOBaX MPOTATOM
60 116, okpiM S, STKHI CTATUCTUIHO 3HATYIIE HE CKO-
pOYyBaB TEPMiH YTBOPEHHS O10ILUIIBKH MATOTCHHUMH
OakTepisMu.

Tecr-kynbrypa C. d. belfanti tox+ 147 BusiBuia-
€Sl MEHUI YYTJIUBOIO IO BiJHOLICHHIO 10 EKCIEepH-
MEHTaJbHUX 3pa3kiB L. rhamnosus 1 S. boulardii.
Craructnyno 3Hauymie npurHiueHus (y 1,3 pasis)
yTBOpeHHsI OiorumiBKM TokcureHHMM mmramom C. d.
belfanti tox+ 147 nopiBastHO 3 KOHTpOJIeM (p < 0,05)
crioctepiranocs micis 3actocyBaHHs MSL. Brmus
iHmux pociaigaux pedoBuH (L, ML, S, MS, LS) na
(opMmyBaHHS OIOTUTIBKM 3a3HAUEHOIO TECT-KYJIBTY-
POIO CYNPOBOKYBABCS HE3HAYYIIUM MPUTHIYCHHSM
YTBOPEHHsI O1OTUIIBKM MIiKPOOPIaHi3MOM BIJIHOCHO
KoHTpoIIO (p > 0,05).
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nosus and S. boulardii. The biofilm formation by
toxigenic strain C. d. belfanti tox+ 147 compared
with control (p < 0.05) was significantly inhi-
bited (1.3 times) after MSL application. The
effect of other test substances (L, ML, S, MS, LS)
on the biofilm formation by this test culture was
accompanied with a slight inhibition of the bio-
film formation by the microorganism relative to
the control (p > 0.05).

The degree of antibiotic effect of L. rham-
nosus GG and S. boulardii BACs in relation to
pathogenic corynebacteria was found to be stipulated
by the sensitivity of bacteria to the experimental
samples.

Previously obtained qualitative data on the
preservation of antimicrobial properties of derivate-
containing filtrates of bifidobacteria after storage
in a frozen state was not inferior to that in the
newly obtained samples, while the results of the
quantitative method showed a more pronoun-
ced decrease [13]. The data presented in this paper
confirm that the described conditions of keeping
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BceranoBneHo, mo CTymiHb aHTHOIOIITIBKOBOTO
BBy BAK L. rhamnosus GG 1 S. boulardii no
BiJIHOIIIEHHIO JIO MAaTOT€HHUX KOpWHeOakTepiil o0y-
MOBJICHUH Yy TIHMBICTIO OaKTepiif 10 AOCTITHUX 3pa3-
KiB.

OpepyxaHi paHime 3a SKICHAM METOAOM JaHi
o0 30epeKeHHS TPOTUMIKPOOHUX BIIACTUBOCTEH
JiepuBaT-BMicHUX (inbTpariB OidigodakTepiid mics
30epiraHHsl B 3aMOpPOKEHOMY CTaHi HE MOCTYIaJIH-
Csl TAKOMY Y IIOWHO OTPUMAaHHX 3pa3Kax, MPH LEOMY
Pe3yNIbTaTH KiJIbKICHOTO METOY IOKa3aJy OiIbII BU-
pakene ioro 3HmwkenHs [8]. [Ipeacrasneni B podoTi
JlaHi TiATBEPAXKYIOTh, 10 OMHMCAaHI YMOBH yTPUMaH-
ust BAK L. rhamnosus GG 1 S. boulardii y 3amopo-
JKeHoMy cTaHi 3a Ttemneparypu (—23 £ 1)°C mo3so-
JISAIOTH 30epirar OiOJOTiYHY aKTHUBHICTH 3pa3KiB Ta
€ TICPCIICKTUBHUMH 71T 30epeKEHHS METaOiOTHKIB.
Crin 3a3HAYATH, 10 TPUBaAja BUTPUMKA JOCIITHOTO
MaTepiaixy MpoOIOTHYHOTO TOXOMKEHHS y TIMoTep-
MiyHHX yMoBax ((4 £ 1)°C) He 3a0e3mneuye 30epiraH-
Hsl aHTHOIOTUIIBKOBOI aKTUBHOCTI 3pa3KiB JIAKTOOAK-
Tepii 1 caxapomileTiB.

[IpeacraBneni Ha puc. 2 naHi yTBOpeHHs Oio-
IUTiBKH TOKcureHHUM mtamoM C. d. gravis tox+ 108
npu 3actocyBanHi BAK L. rhamnosus 1 S. boulardii,
IiCJIsE TPUBAJIOTO 30epiraHHs B 3aMOPOKEHOMY CTaHi
MOKa3yIOTh HaiOnbIIe NpUrHiYeHHS (QopMyBaHHS
OIOTUTIBKM TICHS B3aEMOJIl KyIBTYpH 3 CYMIIIIIIIO
MeTabomiTiB TakToOakTepiit i caxapominetiB (MSL).
[Tomi6HI pe3ynbTaTn MaKCUMaJIbHOTO 3MEHIIICHHS yT-
BopenHs OiomutiBku C.d. belfanti tox+ 147 mopiBHIHO
3 koHTposeM (p < 0,05) oTpuMaHO MicIIs BIUTUBY aHa-
noriuaux npo6 (MSL) (puc. 4). AHami3 npeacras-
JICHUX PE3yNbTaTIB MIATBEPIKYE OACpKaHi paHimie
JlaHi 3 BUBYCHHS MPOTUMIKpOoOHOI akTnBHOCTI BAK
L. rhamnosus 1 S. boulardii, sxi mOKa3aad BHCOKI
npoTUAUMTEPiHI BJIIACTUBOCTI BIJIHOCHO INTaMiB
Corynebacterium spp. tox+, Ipu LbOMY HaHOUIBII
BHPa)KEHOIO MPOTUMIKPOOHOIO JII€I0 0 MAaTOTEHHHUX
KOpUHEOaKTepiil BOJOIIIAa CyMilll MeTaOOIITiB JIAKTO-
OaxTepiit i caxapomireriB (MSL).

MoxuBicte pedoBuH L. rhamnosus GG 1 S.
boulardii mpUrHIYYBaTH TJIAHKTOHHI Ta O10TUTIBKOBI
dbopmu Toxcurennux Corynebacterium wmae Tepa-
neBTUYHE 3Ha4eHHs. J[ns GopoThOM 31 30yAHHKaMH
OakTepiiHUX iHQEKII pi3HOro TeHe3y Ha OCHOBI
YABTPa3ByKOBHX JI€3IHTErpariB MpoOiOTHKIB mep-
CIEKTUBHUM € OTPUMAaHHS BHCOKOAKTHBHHUX pPEYO-
BuH Lactobacillus rhamnosus GG ta Saccharomyces
boulardii npoTn NIaHKTOHHMX 1 G10TUTIBKOBUX (hOpPM
MIKpPOOpTaHi3MiB. Y NMOJANBLIOMY IUIAHYETHCS IMPO-
BECTH EKCIIEPUMEHTAaJIbHI JOCII/PKEHHS BiJIHOCHO
BIUTMBY JOCII/PKYBaHHX PEYOBHH 000X (opM aH-
THOIOTHKOPE3UCTEHTHUX YMOBHO-TIATOTEHHUX OaK-
Tepilt 3 METOI0 CTBOpeHHsS Ha ocHOBI bBAK makTo-

L. rhamnosus GG and S. boulardii BACs in a
frozen state at a temperature of (-23 + 1)°C allow
to preserve the biological activity of samples and
are promising for the preservation of metabo-
lites. It should be noted that long-term exposure
of the test material of probiotic origin under
hypothermic conditions (4 + 1)°C does not ensure
the preservation of antibiofilm activity in the samples
of lactobacilli and saccharomycetes.

Fig. 2 shows the formation of a biofilm by
a toxigenic strain of C. d. gravis tox+ 108 when
using L. rhamnosus and S. boulardii BACs, after
long-term storage in a frozen state demonstrate
the highest inhibition of biofilm formation after
the interaction of the culture with a mixture of
lactobacilli and saccharomycetes metabolites (MSL).
Similar results of the maximum reduction in the
formation of biofilm by C.d. belfanti tox+ 147 com-
pared with the control (p < 0.05) was obtained
after exposure to alike samples (MSL) (Fig. 4).
The analysis of the presented results confirms
the previous findings on studying an antimicro-
bial activity of L. rhamnosus and S. boulardii BACs,
which showed high antidiphtheria properties against
Corynebacterium spp. tox+ strains, herewith a mix-
ture of metabolites of lactobacilli and saccharomy-
cetes (MSL) revealed the most pronounced anti-
microbial action against pathogenic corynebac-
teria.

The ability of L. rhamnosus GG and S. boular-
dii to inhibit plankton and biofilm forms of toxigenic
Corynebacterium is of a therapeutic importance.
For the control of pathogens of bacterial infections
of different genesis on the basis of ultrasonic
disintegrates of probiotics, the obtaining of Lac-
tobacillus rhamnosus GG and Saccharomyces bou-
lardii highly active substances against plankton
and biofilm forms of microorganisms is promising.
In future we are planning the experiments to
investigate the effects of test substances of both
forms of antibiotic-resistant opportunistic bacteria
to create on the basis of lactobacilli and sac-
charomycetes BACs the means of overcoming severe
inflammations.

Conclusions

1. The ability of biologically active complexes
of L. rhamnosus and S. boulardii to reduce the
formation of pathogenic corynebacteria biofilms,
that can be used to design the drugs, preventing
the spread of toxigenic strains of Corynebacterium
spp. in the focus of a diphtheria infection, has been
established.

2. Experimental samples of L. rhamnosus and
S. boulardii retain the initial inhibitory activity of
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OakTepuil 1 caxapoMIileTiB 3aCO0IB MOMI0JAHHS BaXK-
KHUX 3alMajbHUX TPOIIECIB.

BucHosknu

1. BcraHoBineHO 31aTHICTD O10J0TIYHO aKTUBHUX
KOMIUIEKCiB L. rhamnosus i S. boulardii 3umxyBatu
YTBOPEHHsSI NAaTOTCeHHUMH KopuHeOakTepisiMmu Oio-
IUTIBOK, L0 MOXE OyTH BHKOPHUCTAHO Y KOHCTPYIO-
BaHHI NpenapariB, NPU3HAYCHHUX JUIS MTOTICPEIHKEHHS
PO3MOBCIOKEHHS TOKCUTreHHuX mramiB Corynebac-
terium spp. B ocepenky mudrepiiiHoi indekii.

2. locmimHi 3pa3ku pedoBuH L. rhamnosusiS. bou-
lardii 36epiraroTh BUXiIHY MPUTHIYYIOUY aKTHBHICTh
YTBOPEHHsI O1OMIIIBOK TOKCUTCHHUMH IPEICTABHU-
kamu Corynebacterium 3a Temmepatypu (—23 + 1)°C
YIPOIOBXK 6 MICHIIIB, @ B TIMOTEPMIYHIX YMOBax (4 +
+ 1)°C monaiimenme 60 mi0.

3. 3uwkeHHS (opMyBaHHS OI1OIUIIBOK IaTOTEH-
HUMH KOpHUHEOAKTepisiMH A0 IOBHOTO iX NPUTHi-
YEHHS CIIOCTEPIranocs MiJ| BIUIMBOM Pi3HHUX 3pa3KiB
i 3amexano BiJl YyTJIUBOCTI IITaMy TECT-KyJIbTypH
Corynebacterium 10 AOCHiKEHUX OI0JNIOTIYHO aK-
TUBHHUX KOMILIEKCIB.

4. HaiiOinpm BHpakeHEe NpUTHIYEHHS (opMy-
BaHHS OloIUTiBOK TOKcureHHUMH Imrtamamu C. d.
gravis tox+ 108 ta C. d. belfanti tox+ 147 nopiBus-
HO 3 IMO3UTUBHUM KOHTpOJIEM (YTBOPEHHS OiOTLTIBOK
30ynuukamu Corynebacterium y TPHCYTHOCTI PO3-
quHy HaTpiro xjiopuay (p < 0,05)) BimMiueHO ITif
BIUTUBOM CYMIiIIli Oi0JIOTIYHO aKTUBHUX KOMILICKCIB
L. rhamnosus 1 S. boulardii (MSL).
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biofilm formation by toxigenic Corynebacterium
species at a temperature of (23 = 1)°C for 6 months,
and in hypothermic conditions (4 + 1)°C for at
least 60 days.

3. The decrease in the formation of biofilms
by pathogenic corynebacteria to their complete
suppression was observed under the influence of
different samples and depended on the sensitivity of
the Corynebacterium test culture strain to the studied
biologically active complexes.

4. The most pronounced inhibition of the for-
mation of biofilms by C.d. gravis tox+ 108 and
C. d. belfanti tox+ 147 toxigenic strains compared
with the positive control (formation of biofilms
by Corynebacterium pathogens in the presence
of sodium chloride solution (p < 0.05)) was obser-
ved under the influence of a mixture of biologi-
cally active complexes of L. rhamnosus and S. bou-
lardii (MSL).
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