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36epexeHHA NPOTUMIKPOOHOI aKTUBHOCTI MeTabOoMiTHUX KOMMNEKCIB
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Post-Thaw Preservation of Anti-Microbial Lactobacillus Rhamnosus
and Saccharomyces Boulardii Metabolite Complexes

Pecpepar: Y poboTi npeacraBneHo npoTuMikpobHuin edekT metaboniTHux komnnekciB Lactobacillus rhamnosus Ta Saccharomyces
boulardii, ogepxaHux 3a aBTOPCbKOK METOAMKOW, MicnsA 6-micayHoro 36epiraHHs B 3aMopoxeHoMmy cTaHi (-23 + 1)°C BigHOCHO
Staphylococcus aureus, Staphylococcus haemoliticus, Enterococcus faecalis, Corynebacterium Xxerosis i3 MHOXWHHOK NiKapCbKOK
pe3ncTeHTHiCTo. [loBeAeHo 36inbLUeHHs AiameTpiB 30H 3aTpumkm pocTy Ha ((3,0 + 0,4)—(6,1 + 0,3)) MM y BCix AoCnigHMX 30yAHMKIB Nig
BMAIMBOM MeTaboniTHUX KOMMIEKCIB (CBPKOOTPUMaHMX Ta nicns 36epiraHHst) 3 asutpomiunHom Ta Ha ((6,1 £ 0,5)—(6,4 £ 0,3)) mm y E. fae-
calis i3 amniumniHoM. 3HauyLol Pi3HULI NPOTMMIKPOOHOI akTMBHOCTI aHTMbakTepianbHUX MpenapaTiB i3 CBPKOOTPUMAHUMWU KOMMIIeK-
camu Ta nicns ixHboro 36epiraHHa npu Temnepatypi (-23 + 1)°C He BcTaHoBNeHo. [loBeAeHO AOUINbHICTb 3aCTOCyBaHHA obpaHoro
meTofy 36epiraHHsi 3 METOI KOHCTPYOBaHHSA NpenapariB HOBOMO NMOKOIiHHSA Ta po3pobKu «npenapariB CyNpOBOMKEHHS» OO0 aHTUBIOTUKIB.

Knio4yoBi cnoBa: 3aMopoxeHuin cTaH, 30epiraHHs, metabonitu, Lactobacillus rhamnosus GG, Saccharomyces boulardii, npoTUMmIK-
pPOBHMI edpeKT, aHTUBIOTHKN.

Abstract: The paper demonstrates an antimicrobial effect of metabolite complexes of Lactobacillus rhamnosus GG and
Saccharomyces boulardii, obtained by own method, after 6 months’ storage in a frozen state (-23 + 1°C) in respect of Staphylococcus
aureus, Staphylococcus haemoliticus, Enterococcus faecalis, Corynebacterium xerosis with multidrug resistance. Increase in dia-
meters of growth inhibition zones (by (3.0 + 0.4)—(6.1 = 0.3) mm) for all the investigated pathogens under the influence of me-
tabolite complexes (freshly obtained and after storage) with azithromycin has been proven. No significant difference in antimicrobial
activity of antibacterial agents with freshly obtained complexes and after storage at (-23 + 1)°C was found. The expediency of using
the chosen storage method to design the brand new products as well as development of ‘auxiliary drugs’ for antibiotics was confirmed.

Key words: frozen state, storage, metabolites, Lactobacillus rhamnosus GG, Saccharomyces boulardii, antimicrobial effect,

antibiotics.

CBITOBOI0O MEIUYHOIO TPoOIIeMOI0 € 0opoThOa
3 aHTHOIOTUKOCTIHKMMH TATOTCHHUMH Ta YMOBHO-
MMaTOreHHUMH 30yTHUKaMU 1HQEKIIHHIX 3aXBOPIO-
BaHb. OcoONUBY 3arpo3y THPEICTABISIOTh IITAMHU
MIKpPOOPTaHi3MiB 13 PE3MCTEHTHICTIO OAHOYACHO 0
JEeKUIBKOX TPyl aHTHOAKTepialbHHUX TMpernapaTiB Ta
«HOpMalbHa» Mikpodiopa 3 HaOyTol aHTHOIOTH-
KOCTiHKiCTIO. BcTaHOBIEHO, 10 YMOBHO-NATOI'€HHI
MIKpPOOPTaHi3MH 3 JIKapChbKOIO PE3UCTEHTHICTIO 10
aHTHOIOTHKIB — pe3epByap MOJIPE3UCTEHTHHUX IITa-
MiB 30yIHUKIB iH(EKIiH i OCHOBHE JDKEpelo 3apa-
JKEHHS 1HIIHIX JTronei [7].

[TommpeHHs CTIMKUX IITaMIiB MIiKpPOOpPTaHi3MiB
Ta HEIOCTAaTHS KIiHIYHA €(QEKTUBHICTh aHTHOIO-
TUKIB POOWTH JIKYBaHHS TAIli€HTIB O€3yCHiITHIM
1 CIIOHYKa€e JI0 3aCTOCYBaHHS aJbTCPHATUBHHX pe-
YOBUH, 30KpeMa CTPYKTYpHHX KOMIIOHEHTIB 1 €K-
30MeTaboMITIB MPOOIOTHKIB, SIKI 3/7aTHI BIUIMBATH
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Fighting against antibiotic-resistant pathogenic
and opportunistic pathogens of infectious diseases
is medical task worldwide. A special threat is posed
by strains of microorganisms having resistance to
several groups of antibacterial drugs and ‘normal’
microflora with acquired antibiotic resistance. It has
been established that opportunistic microorganisms
with drug resistance to antibiotics are a reservoir of
multidrug-resistant strains of infectious agents and
the main source of infection for other people [11].

The spread of resistant strains of microorganisms
and poor clinical efficiency of antibiotics makes the
treatment of patients unsuccessful and encourages the
use of alternative substances, in particular, structural
components and exometabolites of probiotics, able
to affect proliferative activity, adhesive properties, for-
mation of biofilms and pathogens [1, 3, 18]. The use
of metabolite-type drugs in clinical practice today is
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Ha mpoJiepaTuBHY aKTUBHICTb, ATC3MBHI BIACTHU-
BOCTi, YTBOPEHHS O1OIUIIBKM Ta BHKJIMKATU T'HOEIb
MATOTeHHUX 1 TMOJIPE3UCTEeHTHUX YMOBHO-IIATOT€H-
HUX MikpoopraHni3mis [8, 10, 18]. Bukopucranus mpe-
rapariB MeTa0OJITHOTO THITY B KITIHIYHIN MPaKTHIII
Ha CHOTOIHI OOMEXEHO 4epe3 BiICYTHICTH JOCTAT-
HBOI iXHBOI KITBKOCTI Ha CBIiTOBOMY (hapmarieB-
TUYHOMY pHHKY. lle BuUKIIMKae HEOOXiTHICTH CTBO-
PCHHS Ta BIPOBA/PKCHHS HOBHX IEPCIICKTUBHHX
MeTabommiTHUX 3aco0iB. [IpoTuMikpoOHA aKTHBHICTb
MPOIYKTIB JKUTTEAISITBHOCTI MPOOIOTUYHUX ILNTaMiB
IO0 MAaTOTeHHUX Ta YMOBHO-TIATOrEHHHX 30yI-
HUKIB HE BUKJIMKAa€ CyMHIBiB: y HayKOBiii JjiTepa-
Typl OCTaHHIX POKIB TOCTIHHO IOBIIOMIISIETHCS
PO JIOLIJIBHICTh 3aCTOCYBaHHS MeTallOTHKIB TIpH
iH(heKIIHHNX 3aXBOPIOBAHHAX Pi3HOTO TeHesy [3, 12,
14, 15]. 3 npakTU4YHOI TOYKH 30py NPUHLHUIIOBO
BKJIMBUM 3aJIMIIA€THCSI MUTAHHSA PO ONTHUMAJIbHI
YMOBH 30epiraHHs Oe3KIITHHHUX IpermapaTiB. Brms
30epekeHHsT OIONOTIYHO AaKTHUBHHUX (CTPYKTYypHO-
MertabomitHux) koMmiuiekciB (BAK) Lactobacillus
rhamnosus 1 Saccharomyces boulardii Ha TIPOTUMIK-
pOOHY aKTHUBHICTh Ta €(PEKTUBHICTh iXHBOI CIIUILHOL
nii 3 aHTHOaKTepiallbHUMM TpernapaTamMH paHilie
He BUBYaBCs. BpaxoByroum momepenHi pesyibTary,
B TpEACTaBIeHIH pPOOOTI Oya0 MOCHIIKEHO aHTH-
OakTepiaNbHUN MOTEHIian 3pa3KiB IicIs iXHBOTO
30epiraHHs TpH TIOMIPHO HU3BKi Temmeparypi
(=23 = 1)°C Ta BIIMB 3a3HAYEHOTO TEMIIEpaTyp-
HOTO (pakTopa Ha €(PEKTUBHICTH KOMOIHOBAHOTO
3aCTOCYBaHHS 010JIOTIYHO aKTUBHHIX KOMIUICKCIB JaK-
TOOAKTEpil 1 caxapoMIIIETIB i3 aHTHOAKTEpiaTbHUMHU
npernaparaMmu.

Merta poOOTH — BUBUEHHS NMPOTHMIKpOOHOI ak-
TUBHOCTI CTPYKTYPHHUX KOMIIOHEHTIB 1 MeTaboIiT-
HUX KOMIUIEKCiB L. rhamnosus i S. boulardii micns
30epiranHs 3a HU3bKOI TEMIIEpaTypH; OLIHKa IXHBOI
e(eKTUBHOCTI NpU KOMOIHOBAaHOMY 3acCTOCYBaHHI
3 aHTHOAKTEpiaTbHUMH TIperapaTaMi BiTHOCHO ITO-
JPE3UCTEeHTHUX MIKPOOPTaHi3MiB JIi CTBOPECHHS
MIPOTUMIKPOOHUX 3aCO0IB HOBOTO TIOKOJIIHHS Ta PO-
3po0Ka «IpemnapariB CympOBOMKEHHD» 10 aHTHO10-
THUKIB.

Marepianu i MeTonu

VY po0oTi BUKOPHUCTOBYBaJIM HACTYITHI KYIBTYypH
MpoOIOTUYHUX MIKPOOPTaHi3MiB: ITaM L. rhamnosus
(LGG®) ATCC 53103, BuaineHuii i3 mnpemnapary
«PREEMA®y («Schoneny, IIIgeitnapis); mpodio-
tuuHi pudu S. boulardii CNCM 1-745, opepxani
3 npenapaty BULARDI® («Schoneny).

I3 noboBux xynbryp L. rhamnosus i S. boulardii
roTyBaJH cycrensii Mikpoopranizmis y 0,9 %-my ¢i-
310JI0TiYHOMY pO34MHI Harpito xmopuay. Onrud-
Ha MUTBHICTH CycreH3iit Bimmosimana 10,0 omuHuU-

limited because of the lack of sufficient quantities at
the global pharmaceutical market. This necessitates
the designing of new promising metabolites and
their implementation. The antimicrobial activity of
probiotic strains against pathogenic and opportunistic
pathogens is beyond doubt: there are many recent
published reports on the feasibility of using me-
tabolites in infectious diseases of various origins [2,
5, 14, 15]. From a practical standpoint crucially im-
portant is the question of optimal storage conditions
for cell-free drugs. The effect of storage of biologi-
cally active (structural-metabolite) complexes (BACs)
of Lactobacillus rhamnosus GG and Saccharomyces
boulardii, on the antimicrobial activity as well as
effectiveness of their joint action with antibacterial
drugs has not been studied before. Taking into account
the previous results, in this research an antibacterial
potential of samples after storage at moderately low
temperature (—23 = 1)°C as well as the influence of
this temperature factor on the effectiveness of com-
bined use of biologically active complexes of lacto-
bacilli and saccharomyces with antibacterial drugs
have been investigated.

The research was purposed to study the anti-
microbial activity of structural components and
metabolite complexes of Lactobacillus rhamnosus
GG and Saccharomyces boulardii after storage at
low temperatures, to assess their effectiveness during
combined application with antibacterial drugs in
respect of microrganisms to create antimicrobial
products of new generation and to develop ‘accom-
panying drugs’ for antibiotics.

Materials and methods

The following cultures of probiotic microorga-
nisms were used in the research: strain of L. rham-
nosus (LGG®) ATCC 53103, isolated from the
‘PREEMA®™ drug (‘Schonen’, Switzerland); pro-
biotic fungi S. boulardii CNCM 1-745, derived from
the BULARDI® drug (‘Schonen’).

Suspensions of microorganisms in 0.9% physio-
logical sodium chloride solution were prepared
from L. rhamnosus and S. boulardii daily cultures.
The optical density of suspensions corresponded
to 10.0 units on the McFarland scale (McF), which
was measured using a Densi-La-Meter (PLIVA-
Lachema Diagnostika, Czech Republic) according
to the manufacturer’s instructions. Microbial cells
of lactobacilli and saccharomyces were treated
with low-frequency ultrasound with a frequency of
Af2 =35-50 kHz (f = 40.0 kHz) at an excitation
amplitude U =15 V with aload R=50 Q (P =5 W)
using a generator G3-109 (Velikoluksky Radio
Plant, USSR). The conversion of electrical power
to acoustic one § = 5% allows the achieving an
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M 3a mkanor McFarland (McF), siky Bumipro-
BaJM 3 BUKOpHUCTaHHsAM mpuiany «Densi-La-Meter
(«PLIVA-Lachema Diagnostika», Yexis) 3rigHOo 3
IHCTPYKIli€r0 BUPOOHMKA. MiKpOOHI KIIITHHH JIAKTO-
OakTepiii 1 caxapoMileTiB 0O0poOIsIM HHU3BKOYAC-
TOTHUM YIBTpa3BykoM i3 bactororo Af 2 = 35—
50 k' (f = 40,0 k') mpu ammuniTyai 30y/uKeHHS
U = 15 B i3 naBanraxenusm R = 50 Q (P = 5 Br)
3a gomomororo reHepatopa [3-109 («Bemmko-
nykcbkuit  PanmiozaBomy, CPCP). Koedimient me-
PETBOPEHHSI E€NEKTPUYHOI TOTYKHOCTI B aKyCTUUHY
n = 5% J[03BOJSIE JIOCATTH CEPEHBOI TOTYIKHOCTI
aKyCTHYHUX KOJMBaHb Yy MICIi pO3TalryBaHHSI 0io-
noriuanx 00’ektiB 0,25-0,5 Bt. Opmepkani micis
yABTPa3BYKOBOi 00poOKM cycnensii L. rhamnosus (L)
i S. boulardii (S), MO MICTITb CTPYKTYpHI KOM-
[IOHEHTH, BUKOPHUCTOBYBAIM JUIA KYJIBTUBYBaHHS
JakToOaKTepii 1 rpwbiB Ta BUBYCHHS MPOTHUMIK-
pobnoi aktuBHOCTI. llepen mociimkeHHAM TPOOH
neatpudyryBamun mpu  1000g Bmpomomk 30 XB,
a cynepHataHT QUIBTPyBaJIM dYepe3 MeMOpaHHI
¢binerpu «Bnaninop» tuy M®AC-b Ne 4 («Bmagi-
nop», Pocis) i3 miamerpom mop 0,2 mkM. OTixe,
BUBYCHHSI MPOTHUMIKPOOHOT AKTHBHOCTI JOCIHiAHUX
3pa3KiB BiIHOCHO IOJIPE3UCTCHTHUX TPaMIIO3H-
TUBHHMX MIKPOOPIaHi3MiB MpPHU OKPEMOMY 3acTOCY-
BaHHI Ta B KOMOiHaIlii 3 aHTHOAKTEpiaIbHUMU TIpeTa-
paramMy HPOBOIWIN 3 PIAMHOI0, OTPUMAHOIO IiCIIs
(biTpTpyBaHHS CylIepHATAHTY.

Mertabomitu makTobakrepiit (ML) Ta caxapo-
minetie (MS) ofep)KyBaliy MUISIXOM BHPOITYyBaHHS
MPOIYIIEHTA, ONTHYHA IIUIBHICTH SIKOTO BiAITOBizIa-
na 10,0 omuausiM 3a mkanoro McF, y nonepenaso
ONPOMIHEHUX YIBTPAa3BYKOM CYCIEH3ifX, IO Mic-
TSATh CTPYKTYPHI KOMIIOHEHTH TaKHUX CaMHX MiKpoO-
opraHi3miB. 3pa3ku KyJbTUBYBAJIU MPH TeMIIEpaTypi
(37 = 1)°C Boponosx 72 roauH, HeHTpU]yryBaiu
i ¢inerpyBanu [5]. KpiMm Toro, metabosiTiH OTpuMy-
BaJli BHECEHHSM MIKPOOHHMX KIIITHH CaxapOMIIIETiB
0 00poOIIeHNX yIbTpa3ByKoM INaktoOakTepin (LS)
abo JomaBaHHSAM MIKPOOHHX CyCHeH3il JlakToOak-
Tepilt Ta caxapoMIIIETIB JO MOMEPETHLO OMPOMiHe-
HuX L. rhamnosus (MLS) [4].

3aMopoKyBaHHS 3pa3KiB (pinpTpariB 31iHCHIOBA-
JM Y MOPO3WIIBHIN KaMmepi XOIOoIWIbHUKA «Samsung
RB29FSRNDSA» («Samsung», IliBnenna Kopes).
[Ipobu 36epiranu npu Temneparypi (—23 + 1)°C mpo-
TATOM 6 MICSIIB (TEPMIH CIIOCTEPEKEHHs). 3pa3Ku
PO3MOpOXKYBaJIM Ha BOAAHIN OaHi MpH TeMmmeparypi
(37 £1)°C.

[TpoTumikpoOHY Ait0 (QiIBTpaTiB BU3HAYAIN ITICIIS
30epiraHHs y BHINE3a3HAYEHUX YMOBaxX BiJIHOCHO
tect-mrTamiB Staphylococcus aureus, Staphylococ-
cus haemoliticus, Enterococcus faecalis, Coryne-
bacterium xerosis. JlOCTHiIPKEHHS TIPOBOAWIN Ha
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average power of acoustic oscillations at the loca-
tion of biological objects 0.25-0.5 Watts. Obtained
after ultrasonic treatment, suspensions of L. rham-
nosus (L) and S. boulardii (S) containing structural
components were used to culture the lactobacilli and
fungi as well as to study an antimicrobial activity.
Before investigations the samples were centrifuged
at 1,000 g for 30 min, and the supernatant was filtered
through membrane filters ‘Vladipor’ of MFAS-B
Ne 4 type (Vladipor, Russia) with a pore diameter
of 0.2 um. Therefore, antimicrobial activity of test
samples against multidrug-resistant gram-positive
microorganisms when used alone and in combi-
nation with antibacterial drugs was investigated
with the liquid obtained after the supernatant filtra-
tion.

Metabolites of lactobacilli (ML) and saccha-
romyces (MS) were obtained by growing the pro-
ducer, the optical density of which corresponded
to 10.0 units on the McF scale, in pre-sonicated
suspensions containing structural components of the
same microorganisms. The samples were cultured
at (37 £ 1)°C for 72 hours, centrifuged and filtered
[10]. In addition, the metabolites were prepared by
introducing microbial saccharomyces cells into
ultrasonically treated lactobacilli (LS) or by adding
microbial suspensions of lactobacilli and saccha-
romyces to pre-irradiated L. rhamnosus (MLS) [9].

The filtrate samples were frozen in a freezer
of the ‘Samsung RB29FSRNDSA’ refrigerator (Sam-
sung, South Korea). Samples were stored at (—23 +
+ 1)°C for 6 months (observation period) and were
thawed in a water bath at (37 + 1)°C.

Antimicrobial effect of filtrates was determined
after storage in the above conditions against Sta-
phylococcus aureus, Staphylococcus haemoliticus,
Enterococcus faecalis, Corynebacterium xerosis test
strains. The studies were performed in gram-positive
clinical isolates of S. aureus, S. haemoliticus, E. fae-
calis and C. xerosis with a multiple drug resis-
tance (to levofloxacin, ceftriaxone, ciprofloxacin,
doxycycline, ampicillin, etc.), stored in the collec-
tion of microorganisms of the Laboratory of the
Airborne Infections Prevention at the SI ‘Mechnikov
Institute for Microbiology and Immunology of the
National Academy of Medical Sciences of Ukraine’
(Kharkiv, Ukraine). For investigations the daily test
cultures grown with regulated nutrient media were
used [2]. Suspensions of microorganisms were pre-
pared in 0.9% saline. The optical density of the
samples corresponded to 1.0 and 0.5 units accor-
ding to the McF scale (device ‘Densi-La-Meter’).
Suspensions of polyresistant microorganisms with
a lower initial optical density (0.5 McF) were dilu-
ted 10 times as mentioned in the guidelines [13].




IPaMIIO3UTHBHUX KIIHIYHUX i301sTax S. aureus,
S. haemoliticus, E. faecalis Ta C. xerosis i3 MHO-
KHHHOIO JIIKAPCHKOIO PE3UCTEHTHICTIO (10 JIeBOd-
JIOKCAIUHY, 1edTpiakcoHy, ITUIPOQPIOKCANHY, TOK-
CUIIMKITIHY, aMITIWIIHY TOIIO), sKi 30epiratoTscs
B KOJCKIIi MiKpoopraHi3miB maboparopii mpodi-
JAaKTUKW KparmmuHauX  iHQeknin Y  «lacTuTyT
MikpoOionorii Ta imynomorii iM. [.I. Meunukosa
HamionanpHoi akamemii METUYHMX HayK YKpaiHm»
(M. XapkiB, Ykpaina). st DOCHiIKEHHST BUKOPHUC-
TOBYBaJIU JIOOOBI TECT-KYJIbTYpH, BHPOIICHI Ha
penIaMeHTOBaHUX MOXKUBHUX cepenoBuiax [9]. Cyc-
nensii mikpoopranizmiB rorysamu y 0,9 %-my o¢i-
310JIOTTYHOMY PO34YMHI Harpito xmopuay. OnTuyHa
ITbHICTh po0 BiamoBigana 1,0 Ta 0,5 oguHUIAM
3a mkanoto McF (mpuman «Densi-La-Meter»). Cyc-
MTeH311 TOJIIPE3UCTEHTHUX MIKpOOPTaHi3MiB 13 MEH-
ITOT0 BUXITHOIO ONTHUYHOIO TIiTbHICTIO (0,5 32 McF)
po3Bommiu B 10 pas3iB BiAMOBIMHO 1O METOIMIHHUX
pexomenpaniii [1]. CHHXpOHI3AIiIO TECT-KYJIBTYp
MPOBOAMIM B TINOTEPMIYHMX yMoOBax mpu (4 =+
+ 1)°C.

Jnst BU3HAYCHHS TPOTUMIKPOOHOI aKTHBHOCTI
(binbTpartiB 10 TOCTIAHUX 3pa3KiB, O MICTAThH CTPYK-
TYPHI KOMIIOHEHTH i METaOOJIiTH JaKTOOaKTepii Ta
caxapoMIlEeTiB, JOJaBaJil 3aBUCI TECT-KYJBTYp Y
cuiBBigHomenHi 9:1. KoHtponpHi mpoOu MicTHIN
TECT-IITaMHU Ta (i3i0NOTIYHMIA PO3UUH HATPIIO XIIO-
puny y cmiBBigHomenHi 1:9. Ilicns aBorommHHOL
ekcrrosutii mpu (37 + 1)°C i3 gocmigHuX Ta KOHT-
PONBHHUX 3pa3KiB TOTYBaJdd IIOCIITOBHI pO3Be-
JeHHs, 3 AKuX 3aiiicHoBanu BuciB 0,1 M pimuHU
Ha TIOBEPXHIO TBEPJOTO YKUBUIIBHOTO CEPEIOBHIIA.
Uepe3 24 roavHM TiIPaxOByBall KiTBKICTh KOJO-
Hi{, [0 BUPOCIH, BU3HAYadM KUIbKICTh KOJIOHIE-
yrBoprotounx oaunHuile (KYO) B omuuuni o00’emy
Ta BUpaKaiu B iecsTKoBoMY Jorapudpmi KYO/m.

CrinbHy 3 aHTHOIOTHKaMH €(eKTUBHICTH (ijb-
TpariB L. rhamnosus T1a S. boulardii (mo Ta micns
30epiraHHs) BiAHOCHO TOJIPE3WCTEHTHHUX OakTepiit
BHUBYAJIM 33 [JOIIOMOTIOI0 MOAM(IKOBAHOIO AHCKO-
mudy3iiHoro Meromy, po3pobieHoro J. Sharma Ta
cmiBast. [15-17].

Ha TBepnme mokuBHE cepemoBuilie poOUIN MOCIB
CYCHEH31l TeCT-KynbTyp Oaktepiii, iHKyOyBaJu MpH
(37 £ 1)°C BrpoioBXk 3 TOAMH BiAMOBIIHO IO METO-
muku J. Sharma rta cmiBaer. [16]. IligroroBky mauc-
KiB 11 BU3HAYCHHS €(PEKTMBHOCTI KOMOIHOBaHOTO
3aCTOCYBaHHs aHTUOIOTHKIB i3 (inmbTpaTamMu CTpyK-
TYpHUX KOMITOHEHTIB 1 METa0OJITIiB JIAKTOOAKTepii
Ta CaxapoMiLETIB MPOBOAMIM HACTYIMHHM YHHOM.
CranmapTHi JAUCKH 3 aHTHOIOTHKaMU BHUTPUMY-
Bald B JOCHITHUX (inbTparax MPOTATOM TOTUHHU
mpu (37 £ 1)°C mnsa 3abe3nedeHHsT MaKCUMAabHO-
ro TIOIIMHAHHSA. B SKOCTI MO3UTHUBHOTO KOHTPOJIFO

The test cultures were synchronized under hypo-
thermia at (4 + 1)°C.

To determine an antimicrobial activity of the
filtrates to examine the samples containing structural
components and metabolites of lactobacilli and
saccharomyces, the test culture suspensions were
added in a 9:1 ratio. Control samples contained test
strains and physiological sodium chloride solution in
1:9 ratio. After two hours of exposure at (37 = 1) °C,
serial dilutions were prepared from the experimen-
tal and control samples, of which 0.1 ml of liquid
was plated on the solid nutrient medium surface.
After 24 hours the number of colonies grown was
counted, the one of colony forming units (CFU) per
unit volume was determined and expressed in de-
cimal logarithm of the CFU / ml.

The joint efficiency of L. rhamnosus and S. bou-
lardii filtrates (before and after storage) against
multidrug-resistant bacteria was studied with anti-
biotics using a modified disco-diffusion method
developed by J. Sharma et al. [15-17].

Bacterial test culture suspensions were inoculated
on the solid nutrient medium and incubated at
(37 £ 1)°C for 3 hours according to the method of
J. Sharma et al. [16]. The discs to determine the
effectiveness of the combined use of antibiotics with
filtrates of structural components and metabolites
of lactobacilli and saccharomyces were prepared as
follows. Standard discs with antibiotics were kept in
the experimental filtrates for one hour at (37 + 1)°C
to ensure maximum absorption. As a positive cont-
rol a disc with antibiotics was used, and the one
with sterile saline was a negative control. Experi-
mental and control discs were applied to the solid
culture medium with cultures of test strains of
microorganisms, kept at (4 £ 1)°C for one hour
to ensure diffusion, incubated at (37 £ 1)°C for
24 hours. Then the zone of microorganism growth
inhibition was measured. Experimental discs with
antibacterial drugs were compared with their cont-
rols.

The findings were statistically processed using
the software ‘Excel 2010’ (Microsoft, USA). All the
experiments were performed in 4-7 replicates, the
mean values of the obtained indices, standard devia-
tions and standard errors were determined. The signi-
ficance of the difference between the obtained in-
dices was established by t-test at p < 0.05.

Results and discussion

At the first stage of this research the influence
of storage in a frozen state of L. rhamnosus and
S. boulardii biologically active complexes on their
antibacterial properties was investigated. Filtrates
containing structural components and metabolites
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BHKOPUCTOBYBAJIM JUCK 13 aHTHOIOTMKaMH, Hera-
TUBHOTO KOHTPOIIFO — JIMCK 31 CTEPUIBHUM (i3i0J10-
TiYHAM PO3YMHOM HaTpilo xjopumy. Ha TtBepme
MTOYKUBHE CEPEIOBHUIIE 3 TIOCIBAMH TECT-IITAMIB MiK-
pOOpraHi3MiB HaHOCHIIM JOCIHIAHI Ta KOHTPOJBHI
muckd, BuTpuMyBaau npu (4 £ 1)°C mporsarom
TOOWHM I 3a0esrmedeHHs audysii, iHKyOyBaiu
mpu (37 = 1)°C mpotarom 24 romun. IlotiM BuMI-
pIOBaJIM 30HY iHTiIOYBaHHSI POCTY MIKPOOPTaHi3My.
[TopiBHSHHS JOCTIAHUX JUCKIB 13 aHTHOAKTepiab-
HUMH [peraparaMyd IMPOBOJIWIA BIJIHOCHO KOHT-
POJIBHHUX.

Craructuyny oOpoOKy OTpUMaHMX JIaHMX 3iHc-
HIOBAJIM 32 JIONIOMOTOK) MPOTpaMHOTro makera «Ex-
cel 2010» («Microsoft», CLIIA). Bei mocumiau mpoBo-
i B 4—7 TIOBTOpax, BU3HAYANM CEepelHI 3HAYCHHS
OTPUMaHUX ITOKa3HHKIB, CEPeIHbOKBAIPATHUIHI Bil-
XWJICHHSI Ta CTaHIAPTHI MOXUOKH. 3HAYYIIICTH Pi3-
HUIIl MDK OTPUMaHUMH TTOKa3HUKAaMHU BCTAHOBIIO-
BaJIK 3a JOTIOMOTO0 t-TecTy Tpu p < 0,05.

Pe3yabTaTn Ta 06roBOpeHHs

Ha mnepmomy erami poOoTH HOCTiIKyBadu
BIUIMB 30epiraHHs B 3aMOpPOXXCHOMY cTaHi 0io-
JOTiYHO aKTHUBHHUX KOMIUIEKCIB L. rhammnosus Ta
S. boulardii na ix anTHOaxTepiadbHI BIACTHBOCTI.
OinbTpaTH, MO MICTATh CTPYKTYpHI KOMITOHEHTH
Ta MeTaboNiTH JaKTOOaKTepiil 1 caxapoMileTiB,
michst 6-MicSIYHOTO 30epiraHHS B 3aMOPOXKCHO-
My ctaHi mpu (-23 £+ 1)°C mnpossBunm pizHHH
CTYNiHb MPOTUMIKPOOHOI aKTUBHOCTI BiJHOCHO
00paHUX TONIPE3UCTCHTHUX MIKPOOPraHi3MiB
(Tabm. 1).

Excrio3uttist BOpogoBX 2 TOAMH TECT-KYJBTYP
EHTEPOKOKIB Ta KOpHHEeOakTepidl i3 TYCTHHOIO iHO-
kymaatie 1,0 McF y Bcix mocmigHux 3paskax cyi-
POBODKYBallacsl 3HAYHUM 3HWKEHHAM KIUTBKICHOTO
MOKA3HUKA JKUTTE3IATHOCTI OaKTepill y MOpiBHSIHHI
3 KOHTPOJIEM, a 3a YMOBM BHKOpPUCTaHHS mpod ML
ta MLS crocTepiranacsi ToBHa BTpaTa JKUTTE3/1aT-
HocTi C. xerosis. Ilicns 3acTocyBaHHS 3a3HAYEHHX
mTaMiB 13 TycTHHOIO iHOKYIATY 0,5 MCcF, po3se-
nenoro B 10 pasiB, Bcranomneno moBHe (100%)
1Hri0yBaHHs 30yJAHHUKIB HE3aJICKHO BiJl CTPYKTYPHO-
METa0ONITHUX KOMILJICKCIB MPOOIOTUYHOTO TOXO/-
JKCHHSI.

Cryminb epexruBHOCTI BBy BAK L. rhamnosus
ta S. boulardii BiZHOCHO TecT-KynbTYp cradiso-
KOKIB 3aJIC)KUTh HE JIMILIEC BiJ MOYATKOBOI T'yCTHHH
IHOKYJISATY, a W Bix ckiagy IochigHuX ¢inbTparis
(Tabm. 1). Brpara »XUTT€3MaTHOCTI PE3MCTEHTHHX
KyneTyp S. aureus ta S. haemoliticus i3 To4YaTKoO-
BOIO rycTrHOIO iHOKYmATiB 1,0 McF cmocrepiranacs
mix BrumBoM MS ma 0,2-0,4 1g KYO/mn, a LS —
Ha 0,8-2,3 lg KYO/Mn y mopiBHSHHI 3 KOHTpOJIeM
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of lactobacilli and saccharomyces, after 6 months’
storage in a frozen state at (23 + 1)°C, showed
various degrees of antimicrobial activity against
selected polyresistant microorganisms (Table 1).

Exposure for 2 hours of the studied entero-
cocci and corynebacteria cultures with an ino-
culum density of 1.0 McF in all test samples was
accompanied by a significant decrease in quanti-
tative viability of bacteria compared to the control,
and when ML and MLS samples were used, there
was a complete loss of viability of C. xerosis.
After application of these strains with an inocu-
lum density of 0.5 McF, diluted 10 times, the
pathogens were completely (100%) inhibited, re-
gardless of the structural and metabolic complexes
of probiotic origin.

The degree of effectiveness of the L. rhamnosus
and S. boulardii BACs against test cultures of
staphylococci depends not only on the inoculum
initial density, but also on the composition of
experimental filtrates (Table 1). Loss of viability
of S. aureus and S. haemoliticus resistant cultures
with an initial inoculum density of 1.0 McF was
observed under the influence of MS by 0.2-0.4 Ig
CFU /ml, and LS — by 0.8-2.3 1g CFU / ml compared
with the control (p < 0.05). Quantitative indices of
staphylococcal viability when using a suspension
with a test culture concentration of 0.5 McF, di-
luted 10 times, in samples of metabolites of S. bou-
lardii decreased by 0.5-2.7 1lg CFU / ml. Bacteria
were more sensitive to L. rhamnosus GG filtrates.
After two hours of exposure to staphylococci in
all samples of structural and metabolic complexes
of lactobacilli, there was a loss of viability of
test cultures when the inocula of 0.5 McF, diluted
10 times were used. There is an exception, namely
the sample L, under the influence of which the
quantitative viability of S. aureus compared with
the control (4.0 lg CFU/ml) was significantly
reduced. Strong differences in antimicrobial acti-
vity of L. rhamnosus filtrates were found with
respect to multidrug-resistant cultures of S. aureus
and S. haemoliticus with a concentration of 1.0 McF.
Filtrates containing structural components and me-
tabolites of lactobacilli reduced the quantita-
tive indices of staphylococcal viability by 1.6—
3.6 Ig CFU/ml compared with the control (p < 0.05).

The presented research results on antimicrobial
properties of filtrates of L. rhamnosus and S. bou-
lardii structural components and metabolites after
storage in a frozen state at (—23 + 1)°C for 6 months
indicate that the effectiveness depends not only on
the inoculum initial density and composition of
experimental samples, but also on an individual
sensitivity of microorganisms. Different degrees of




Tabnuusa 1. Bnnue inbtpartis, sKi MiCTATb CTPYKTYPHI KOMMOHEHTU Ta MeTabonitu L. rhamnosus i S. boulardii,
nicnga 6-micsayHoro 3bepiraHHs B 3aMOpOXeHOMY cTaHi npu (—23 + 1)°C Ha x)unTTe3gaTHiCTb MikpoopraHiamis (M + SE)

Table 1. Effect of filtrates containing structural components and metabolites of L. rhamnosus and S. boulardii,
after 6 months’ storage in frozen state at (—23 £ 1)°C on viability of microorganisms (M + SE)

MouaTKoBa dinbTpaTh, AKI MICTATL CTPYKTYPHI KOMMNOHEHTU Ta MeTaboniTh NakTobakTepit i caxapomiueTis
KanamyTHICTb Filtrates containing structural components and metabolites of lactobacteria and saccharomyces
cycneHsin
TEeCT-KynbTyp
TecT-KynbTypa | MikpoopraHiamis, KoHTponb
L ML MLS S MS LS
Cultures tested 3a McF Control
Initial opacity of
microorganism
cultures tested, HunTTespaTHicTb Mikpoopranismie, |g KYO/mn
on McF Viability of microorganisms, Ig CFU/ml
1.0 5,8 + 0,09* 3,8 +0,2* 4,1 £0,1* 7,2 + 0,2 7,0 £ 0,1 6,6 + 0,1 74 £0,2
S. aureus
0,05 2,3 +£0,1* 0 0 6,1 £ 0,1 58 £ 0,2 53 +£0,1* 6,3 £ 0,1
1,0 4,35 £ 0,1* | 4,25+ 0,1* | 437 +0,04* | 7,37 £ 0,07 | 7,22 £ 0,1 5,17 £ 0,1* | 7,47 £ 0,04
S. haemoliticus
0,05 0 6] 0 6,15 + 0,08 5,0 + 0,1 3,66 £+ 0,1* | 6,26 + 0,08
1,0 4,7 + 0,06* | 4,4 + 0,06* | 49 + 0,04* | 4,8 + 0,03* | 4,7 + 0,04* | 4,7 + 0,06* 8,56 £+ 0,1
E. faecalis
0,05 0 6] 0 6] (0] 0 7,3 £0,1
1,0 3,2 +£0,1* 0 0 4,4 + 0,09 | 43 +£0,1* 4,1 +£0,1* 7,4 + 0,07
C. xerosis
0,05 0 6] 0 6] (0] 0 6,4 £ 0,2

Mpumitkn: KoHTponb — isionoriyHmMm po3ymH HaTpito xrnopuay; 0 — BiACYTHICTb POCTY MIKpOOpraHiamy; * — BigMiHHOCTI

3HauyyLi BiAHOCHO KOHTporto, p < 0,05.

Notes: Control — physiological saline; 0 — no microorganism growth; * — differences are significant relative to the control,

p < 0.05.

(p < 0,05). KinbKicHI TIOKa3HHKH >KUTTE3IATHOCTI
cTaIOKOKIB TIpA 3aCTOCYBaHHI CycIieH3ii 3 KOH-
meHrparieo TecT-KyiasTyp 0,5 McF, posBemenoi
B 10 paziB, y mnpobax wmetabomiTiB S. boular-
dii 3menmyBamucs Ha 0,5-2,7 lg KYO/mn. binb-
Iy YyTIMBICTH OakTepii MposBHIU N0 (iIBTpaTiB
L. rhamnosus GG. Tliciss ABONOAMHHOI €KCIIO-
3uLii CTa(iIOKOKIB y BCIX 3pa3Kax CTPYKTypHO-
METa0ONITHUX KOMIUICKCIB JIAKTOOAKTEpiil croc-
Tepirajacsi BTpara >XHUTTE3NATHOCTI TECT-KYJBTYD
3a yMOBH 3acTocyBaHHs iHOKy/sTiB 0,5 McF, pos-
BeneHnx y 10 pasis. IcHye BukiroueHHst — mpoba L,
IMiJ BIUIMBOM $IKOI 3HAYHO 3HWKYBAIHCA Killb-
KICHI TIOKa3HHWKH >KUTTE3MATHOCTI S. aureus TOpiB-
HaHO 3 KoHTpoieM (Ha 4,0 lg KYO/mm). 3nauymii
BIIMIHHOCTI TIPOTHUMIKPOOHOT aKTHBHOCTI (iIBT-
patiB L. rhamnosus BCTaHOBJICHO BITHOCHO IIOJIi-
PE3UCTCHTHUX KyabTyp S. aureus ta S. haemo-

bacteria sensitivity to experimental samples have
been established, that coincides with previously
obtained data on pathogenic corynebacteria [6].

At the second stage of research the effective-
ness of a combined use of structural-metabolic
complexes with antibiotics against gram-positive
multi drug-resistant pathogens was studied. These
investigations were performed in antibacterial drugs,
to which it was recommended to primarily de-
termine the sensitivity of microorganisms [13].
Such drugs for Staphylococcus include macrolides
and fluoroquinolones (azithromycin and levoflo-
xacin), which are first-line medications and used
to treat staphylococcal infections. By the effect
mechanism they belong to one group, but differ in
the following: macrolides inhibit protein synthesis
at the level of ribosomes, and quinolones impede
the synthesis of bacterial DNA. The synergistic
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liticus 13 xounentpariero 1,0 McF. ®inbr- A
pary, 10 MICTATh CTPYKTYpHI KOMIIOHEH-
TH Ta METaboNITH JIaKTOOAKTEepill, 3MeH- c 25 - . . * .
IIyBaIM KUTBKICHI TIOKa3HUKH JKUTTE- e * *
3matHoOCTi cradinokokiB Ha 1,6-3,6 Ig = @ 20 -
KYO/Mn mopiBHSHO 3 KOHTpoieM (p < '8 5
0,05). St 15 -
IIpencraBneni B pmaHiit poOOTI pe- E%
3yABTATH JOCITIDKEHHS MTPOTUMIKPOOHHX EE 10 -
BJIACTHBOCTEW (UIBTPATIB CTPYKTYPHHUX =
KOMIIOHEHTiB Ta MeTabomitiB L. rham- 5 & 5 -
nosus i S. boulardii micns 36epiranns 8 < O
3amMopokeHoMy craHi mpu (—23 + 1)°C
MpOTATOM 6 MICSIIB CBiqYaTh PO T, M0 0 ;(-OHTpOJ'III: L ' ML ' MLS ' S ' MS ' LS B
e(DeKTUBHICTh 3aJIKUTh HE JIMIIE Bif Control
MOYATKOBOI I'YCTHHU 1HOKYIISATY Ta CKIaIy 35
TOCTITHUX Tpo0, a 1 BiJ 1HIWBIAyaIbHOI B
YyTIABOCTI MIKpOOpraHi3MiB. BcTaHOB- 30 A
JIGHO PI3HWM CTyMiHb YyTIUBOCTI Oak- e
Tepii O EeKCIEepHMEHTAIbHUX 3pa3KiB, ZE 25 1 * . . * * *
SKHH CITBIAJAE 3 IMOMEPEIAHBO OTPHMA- =4
HUMHU JIaHUMH BIJIHOCHO TaTOTCHHHX §§ 20 1
KopuHeOakTepii [6]. 55 15 4
Ha nmpyromy erami poOOTH BHBYAIH 2=
e(heKTUBHICTh MOETHAHOTO 3aCTOCYBaHHS E-E 10 1
CTPYKTYPHO-META0OTITHUX KOMIUIEKCIiB o<
i3 aHTHOIOTMKAMU MIOZ0 TPAMIIO3UTHB- :o) E 5 4
HUX TONIpE3UCTEeHTHUX 30yaHuKiB. Lli ©
JOCIIJKEHHSI TIPOBOJIMIIUCST HA aHTH- 0+ T T T T T T -
OakTepiaabHUX JKAPCHKUX 3acobax, 110 Kontponb L ML MLS S MS LS
Control

AKX PEKOMEHIYIOTh B TIEpIIy Yepry

BHU3HAYATH YYTJIUBICTH MIKPOOPTraHi3MiB
[1]. o Takmx mpemapaTiB MIOAO MpEI-
CTaBHUKIB Staphylococcus BIITHOCATHCS
Makponian 1 (TOpXiHONOHM (a3UTpO-
MIIIUH Ta JIEBO(IIOKCAIIMH), Kl € Iperna-
paramMu MNEpUIOTO0 PsAAy 1 BUKOPHCTO-
BYIOTBCSI AJIS1 JTIKYBaHHS CTa()iIOKOKOBUX
ingpexnin. Lli mixapceki 3acobm 3a Me-
XaHi3MOM il BIZHOCATHCA HO OMHIET
TpyNH, alle BiJPI3HAIOTHCS HACTYITHUM:
MakpoNinn iHTiIOYIOTh CHHTE3 Oinka Ha
piBHI pmOOCOM, a XIHOJOHH — CHHTE3

Puc. 1. 3oHu 3aTpMMKM pOCTY rpamno3MTUBHUX MONIPE3NCTEHTHUX
mikpoopraHiamiB S. aureus (A) i S. haemoliticus (B) nicna kom6iHO-
BaHOro 3aCTOCYBaHHS a3uTpPOMiLMHY (M, m) rneBodrokcauuHy (O, )
i3 hinbTpaTamMu, WO MICTATb CTPYKTYPHI KOMMOHEHTM Ta MeTabonitu
L. rhamnosus Ta S. boulardii, aki 36epirannca B 3aMOpPOXEHOMY CTaHi
npu (—23 = 1)°C (m, O) Ta cBbXOOTpUMaHI (=, W); * — pi3HMUA 3HaYyLla
BiZLHOCHO KOHTposnto, p < 0,05.

Fig. 1. Zones of growth inhibition of gram-positive polyresistant
microorganisms S. aureus (A) and S. haemoliticus (B) after combined
use of azithromycin (m, m) levofloxacin (O, m) with filtrates containing
structural components and metabolites of L. rhamnosus and S. bou-
lardii, which were stored in frozen state at (-23 + 1)°C (m, O) and
freshly obtained ones (m, m); * — differences are significant relative
to the control, p < 0.05.

bakrepianproi JIHK. Cunepriuna B3ae-
MOJIisl IPOTUMIKPOOHHX 3aC00iB 1 CTPYKTypHO-METa-
OOJITHUX KOMIUIEKCIB L. rhamnosus ta S. boulardii
BiJIHOCHO TIOJIiPE3UCTEHTHUX CTA(IIIOKOKIB TOiOHA
JI0 Takoi 3a OKPEMOro 3acTOCYyBaHHS aHTHOAaKTe-
piarsHEX mpenapatis (puc. 1, Tabdm. 2).
[IpotumikpoOHA TIO€THAHA i A3UTPOMIITTHY
13 CTPYKTYpHHMH KOMIIOHEHTaMH Ta MeTabouri-
TaMHU JIaKTOOAaKTepid 1 caxapomileriB Oyja oHa-
KOBa y 000X mpenctaBHUKiB Staphylococcus. Cninb-
HE 3aCTOCYBaHHS JaHOTO aHTHOIOTHKA Ta JIOCIIITHUX
PEUOBHH BITHOCHO S. aureus CYIpPOBOIKYBaJIOCS
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interaction of antimicrobial agents and structural-
metabolic complexes of L. rhamnosus and S. bou-
lardii with respect to multidrug-resistant staphylo-
cocci is similar to that with a single use of antibac-
terial drugs (Fig. 1, Table 2).

Antimicrobial combined effect of azithromycin
with the structural components and metabolites of
lactobacilli and saccharomyces was the same for
both Staphylococcus types. Co-administration of
this antibiotic and test substances with respect to
S. aureus was accompanied by an increase in their

349




Tabnuusa 2. 3MiHM 30H NPUrHIYEHHS POCTY Ta YyTNMBOCTI Staphylococcus nicnsi NoegHaAHOro 3acToCyBaHHSA aHTMOakK-
TepianbHWX Npenaparis i3 insTpatamu, WO MICTATb CTPYKTYPHI KOMNOHEHTH Ta MeTabonitu L. rhamnosus
Ta S. boulardii, nicns 6-mica4Horo 36epiraHHs npu (—23 £ 1)°C, n=7

Table 2. Changes in zones of growth inhibition and sensitivity of Staphylococcus after combined use of antibacterial
drugs with filtrates containing structural components and metabolites of L. rhamnosus and S. boulardii,
after 6 months’ storage at (23 +1)°C,n=7

CTpYKTYpPHO-MEeTaBOoNITHI pe4oBUHM
Structural and metabolic substances

Mpenapatn Moka3sHuku
Medications Parameters
L ML MLS S MS LS
S. aureus
3MiHM 30HM POCTY, MM
Changes of 0 Y Y Y 0 0
growth zone, mm
JleBodhnokcaumH
Levofloxacin
q\gﬂMB-I(-:Tb (ﬂO;HICJ‘IH) a4 i a/u u/y ulu u/y
ensn;\?tee(rk))e ore/ s/s s/s s/s s/s s/s s/s
3MiHM 30HM POCTY, MM
Changes of +3,8 +3,0 +3,0 +3,8 +4.8 +3.8
growth zone, mm
AsutpomiunH
Azithromycin
Y . .
\;ITII/IBlI(‘:Tb (f)o;mcnn) w4 a e e 4/y 4y
ensn;\ﬁe(r)e ore/ s/s s/s s/s s/s s/s s/s
S. haemoliticus
3MiHU 30HU POCTY, MM
Changes of +1,0 +1,8 +1,0 +1,0 +1,8 +1,0
growth zone, mm
JleBodhnokcaumH
Levofloxacin
Y . .
\;I’J‘II/IB-I(‘:TI:. (,go/fmcnﬂ) w4 a ala e aly 4y
ensma\ﬁe(r)e ore/ s/s s/s s/s s/s s/s s/s
3MiHM 30HU POCTY, MM
Changes of +3.8 +3.8 +3,8 +3.8 +4.8 +3.8
growth zone, mm
A3UTpOMILUH
Azithromycin
Y . .
yTl'II/IBlI(..‘.Tb (ﬂOiI‘IICJ‘IH) i nfa n/u ni n/d n/
Senslt;\?tae(rt))e ore/ i/s ils ils ils i/s i/s

MpumiTkn: KoHTponb — isionoriyHMn po3ymH HaTpito xrnopuay; 0 — BiACYTHICTb pOCTY MIKpoopraHiamy; * — BigMiHHOCTI
3HaYyLWi BiAHOCHO KOHTPOIIO; 4 — YyTNMBUIA, N — NOMipHO-CTiNkuR; p < 0,05.

Notes: Control — physiological saline; 0 — no changes in the zones of microorganism growth inhibition; s — sensitive,
i — intermediate resistant; * — differences are significant relative to the control, p < 0.05.

MiIBUIICHHSAM iXHBOI TMPOTUMIKPOOHOI aKTHBHOCTI
He3aJIe’)KHO BiJ BUKopucTanoi komOinaii (3,0 = 0,4)—
(4,8 £ 0,3) mm (cBixkoBumineni) ta (3,0 £ 0,2)—
(4,8 £ 0,2) mm (micns 36epiranss). [lomipHO-CTIi-
KU 10 asuTrpominuHy S. haemoliticus TIpOSBUB
YYyTIUBICTh 7O KOMOIHOBaHOTO 3aCTOCYBaHHS aH-
THOAKTEPIaJIbHOTO TIperapary i3 CTPyKTYpHO-MeTa-
OOJIITHUMHU KOMIUIEKCaMH. MakcuMasibHa 30Ha T0-
cunenHs (4,8 £ 0,3) MM y CBDKOOTPUMaHHX Ta

antimicrobial activity regardless of the combination
used (3.0 = 0.4)—(4.8 £ 0.3) mm (fresh) and (3.0 =
+ 0.2)(4.8 £ 0.2) mm (after storage). Modera-
tely resistant to azithromycin S. haemolyticus was
sensitive to the combined use of an antibacterial
drug with structural-metabolic complexes. The maxi-
mum gain zone (4.8 + 0.3) mm in freshly obtained
and (4.8 + 0.1) mm after storage was noted in
combination with MS.
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(4,8 £ 0,1) MM micnsa 30epiraHHs BCTa-
HOBJICHA Y TIO€AHaHHI 3 MS.

30UTbIIEHHST TIPOTUMIKPOOHOI  aK-
TUBHOCTI TIpH KOMOIHAIlI{ CTPYKTypHHX
KOMIIOHCHTIB Ta METa0oJiTiB mpobio-
THYHUX IITaMIB 13 JIEBOPIOKCAIIMHOM
npotu S. aureus HE CHOCTEPIranocs.
TeHieHIIIsS 10 MOCUIICHHS €(PEKTy BCTa-
HOBJICHA 3a YMOB CIIIJIBHOTO 3acCTOCY-
BaHHS JICBO(IOKCAIIMHY 3 JIOCIITHUMH
3pa3kaMH JIAKTOOaKTepid 1 caxapomi-
neriB BigHOCHO S. haemoliticus. Haii-
OiNbINe MiBUIIEHHS CUHEPTidHOI Mpo-
TUMIKpOOHOT  mii  BigOyBasocss  uis
koMOiHarii neBodokcaruay 3 ML Ta
MS ma (1,8 = 0,5 MM — CBIXKOBHII-
neni ta (1,8 + 0,2) MM — micost 36epiran-
HL

Hnst mpencraBHUKIB - Enterococcus
neBO(UIOKCAIIMH Ta aMIIIIWIIH € Tpena-
paramu Mepuoro psiay, siKi 3aCTOCOBY-
FOThCSL ISl JIIKYBaHHS CHTEPOKOKOBUX
iH(peknid. BoHU BiTHOCITBCS 10 Pi3HUX
IPyIl Ta BiIPI3HAIOTHCS 32 MEXaHI3MOM
moii:  P-maktamu  (aMmIminuiiH) - iHTIOY-
IOTh CHHTE3 KIITUHHOI CTIHKA MiKpO-
opraniamy. OrmiHka ymoB 30epiranus
CTPYKTYPHO-META0OTITHIX KOMILIEKCIB
L. rhamnosus ta S. boulardii na npo-
TUMIKpOOHUH edeKkT i3 3a3HauYCHUMH
aHTHOIOTUKAMU TOKa3aya Pi3Hi pe3yiib-
tatu (puc. 2, Tad. 3).

[licns cnoinpHOTO 3acTocyBaHHS [3-
JaKTaMHOTO Tipenapary (aMIinuiiny) i3
METa0OJITHUMHU KOMILIEKCAMHU CIIOCTE-
piramocsi TOCWIJICHHS 1XHBOI MPOTUMI-
KpoOHOT ii BiZIHOCHO PE3UCTEHTHOTO
mramy E. faecalis. Jlns 6inpocti mpoo
migBuIeHHs BigoyBanocs 3 (11,1 £0,3)
mo (17,4 £ 0,3) MM (CBDKOBHIJICHI)
ta (11,0 = 0,3) mo (17,1 = 0,2) mm
(micast 30epiranns). IloegHanHus am-
mimutiny 3 MS mokazano MakcuMalib-
He 30UIBIIECHHS 30H 3aTPUMKH PO-
cTy eHrepokoky jmo (17,5 + 0,4) mMm
(cBikoorpumani) Tta (17,3 £ 0,2) mMm
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20 - *

15 1

30HW 3aTPUMKU POCTY, MM
Growth inhibition zones, mm
—
o
L

O = T T T T T T L
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Growth inhibition zones, mm
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Puc. 2. 30HM 3aTpyMMKM poOCTy rpammno3MTUBHUX MOMIPE3UCTEHTHUX
MikpoopraHiamiB E. faecalis (A) i C. xerosis (B) nicns kombiHoBaHOro
3aCTOCYBaHHsS amniuuniHy (M, =) Ta nesodnokcauunHy (O, W) BigHOC-
HO EHTEpPOKOKYy abo as3uTpoMiuMHy (O, ®) BiOHOCHO KopuHebakTepil
i3 hinsTpaTamMu, WO MICTATb CTPYKTYPHI KOMMOHEHTU Ta meTabonitu
L. rhamnosus Ta S. boulardii, siki 36epiranucs B 3aMOpOXEHOMY
ctaHi npu (—23 = 1)°C (m, O) Ta cBiXoOTpuMaHi (=, m); * — pisHMLA
3HauyLla BiAHOCHO KOHTporto, p < 0,05.

Fig. 1. Zones of growth inhibition of gram-positive poly-resistant
microorganisms of E. faecalis (A) and C. xerosis (B) after combined
use of ampicillin (m, m) and levofloxacin (O, ®) versus enterococci
or azithromycin (O, ®m) versus corynebacteria with filtrates contai-
ning structural components and metabolites of L. rhamnosus and
S. boulardii, which were stored in frozen state at (-23 + 1)°C (m, O)
and freshly obtained ones (m, m); * — differences are significant
relative to the control; p < 0.05.

(micns 30epiranns). [lomipHO-CTIHKHHT 10 aMITIATIHY
E€HTEPOKOK TPOSBISB UyTIHMBICTh JI0 KOMOIHOBaHOT
Iii BCIX MOCTIAHMX PEYOBHH 13 3a3HAUCHUM aHTH-
o6ioturoMm (p < 0,05) (tadm. 3). [lpn mopiBHSAHHI mil
BAK 1o i micis 3aMOpoKyBaHHS Ta 30epiraHHs 3a
temneparypu (—23 + 1)°C BimMiHHOCTEH HE BCTa-
HOBIICHO.

Hus Corynebacterium 10 TPOTUMIKPOOHHX 3a-
co0iB, 10 MAarOTh KIIHIYHE MPU3HAYCHHSI, BIHO-
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No increase in antimicrobial activity in combina-
tion of structural components and metabolites
of probiotic strains with levofloxacin against S. aureus
was observed. The tendency to increase the effect
was established under the conditions of joint use of
levofloxacin with experimental samples of lactoba-
cilli and saccharomycetes against S. haemolyticus.
The largest rise in synergistic antimicrobial ac-
tivity occurred if there was used a combination of
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Tabnuusa 3. 3MiHM 30H NPUrHIYEHHST POCTY Ta YyTNMUBOCTI E. faecalis i C. xerosis nicnsi noegHaHOro 3acTocyBaHHSA aHTU-
BakTepianbHUX nNpenapartiB i3 dinsTpaTamu, Wo MICTATb CTPYKTYPHI KOMMOHEHTU Ta MeTabonitu L. rhamnosus
Ta S. boulardii, nicna 6-mica4Horo 36epiraHHs npu (—23 £ 1)°C, n=7

Table 3. Changes in zones of growth inhibition and sensitivity of E. faecalis and C. xerosis after combined use
of antibacterial drugs with filtrates containing structural components and metabolites of L. rhamnosus and S. boulardii,
after 6 months of storage at (<23 +1)°C,n=7

CTpYKTYpPHO-MEeTabOoNiTHI peYOBUHN
Structural and metabolic substances

MpenapaTn MNoka3HuKM
Medications Parameters
L ML MLS S MS LS
E. faecalis
3MiHM 30HM POCTY, MM
Changes of 0 0 -0,8 -0,8 0 0
growth zone, mm
JleBodhnokcaumH
Levofloxacin
YyTnumeicTb
. .. 4/M 4/M 4/™ u/y 4/™ 4/M
(ﬂoigg:fjg:')elsa?{]:rl)nve s/s s/s sls s/s s/s s/s
3MiHM 30HM POCTY, MM
Changes of 6,1 6,1 6,1 6,1 6,3 6,1
growth zone, mm
Awmniunnin
Ampicillin
YyTnueicTb
. ™ n/ n/ n/ n/y n/ n/
(’JO{E';'X:LZ?F;')“VE’ ifs ifs ifs ifs ifs ifs
C. xerosis
3MiHV 30HU POCTY, MM
Changes of -1 -1 -1 -1 0 -1
growth zone, mm
Amniunnin
Ampicillin
YyTtnueicTb
. L. 4/M 4/M 4/™ u/™ 4™ 4/M
(ﬂoigg:fgﬂrlelsa??::;we s/s s/s s/s s/s s/s s/s
3MiHM 30HM POCTY, MM
Changes of 4,8 4,8 5,8 4,8 5,8 4,8
growth zone, mm
AsuTpomiumH
Azithromycin
YyTnumeicTb
. L. n/y n/™ n/u n/™ n/ n/u
(ﬂoigg‘mﬁ{‘;‘)ﬂve ifs is i/s i/s ifs i/s

Mpumitkn: KoHTponb — disionoriyHmin po3ymH HaTpito xrnopuay; 0 — BiACYTHICTb poCTy MiKpoopraHiamy; * — BigMiHHOCTI
3HayyLi BiHOCHO KOHTPOIIO; Y — YyTNMBUIA, N — MOMIPHO-CTiNkuiA; p < 0,05.

Notes: Control — physiological saline; 0 — no changes in the zones of microorganism growth inhibition; s — sensitive,
i — intermediate resistant; * — differences are significant relative to the control, p < 0.05.

CATBCS TperapaTH MEpLIoro PAgy — aMIILWIH Ta
azuTpoMinuH. Ilicis coiibHOTO 3acTOCYBaHHS BCiX
CTPYKTYPHO-META0OMITHUX KOMIUIEKCIB 13 a3WT-
POMIIIMHOM CcTIOCTepiranocs 30iTbIIEHHS 30H iH-
riOyBaHHA pPOCTY TMOJIPE3UCTEHTHOTO INTaMy KO-
punebakrepiit ma (5,0 £ 0,5) — (6,1 = 0,3) mm
(cBibkooTpumani) Ta (4,8 + + 0,2) — (5,8 + 0,2) mm
(micist 30epiraHHs), IO AHAJOTIYHO pe3ylbTaTam
KOMOIHOBaHOT Jii JIOCHIJHUX PEUOBHH 13 3a3-
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levofloxacin with ML and MS by (1.8 = 0.5) mm
for freshly isolated and (1.8 + 0.2) mm after
storage.

For Enterococcus, levofloxacin and ampicillin
are first-line drugs used to treat enterococcal infec-
tions. They belong to various groups and differ in
the mechanism of action: B-lactams (ampicillin)
inhibit the synthesis of the microorganism cell
wall. Evaluation of storage conditions of L. rham-
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HAauCHUM AaHTUOIOTUKOM BIJHOCHO CTa(UIOKOKIB.
MakcuManibHe MiJABHIIEHHS HNPOTUMIKpPOOHOI ak-
TUBHOCTI BiJIMIY€HO IIiJl BIUIMBOM 3paskiB MLS
ta MS i3 asurpominuaom Ha (6,1 £ 0,3) MM 10
30epiranHs ta (5,8 + 0,2) MM micns 30epiraH-
HAL.

3HaAUymIoi PI3HMIN BIUIMBY aMITIIHIIIHY OKpe-
MO abo0 CHUTBHO 13 CTPYKTYPHO-METa0OIITHUMHU
KOMIUIEKCAMH JIaKTOOAKTepil 1 caxapomilleTiB He
BIIMIYUCHO: JliaMeTp 30HU 3aTPUMKH POCTY MOJIpe-
suctentHoro mramy Corynebacterium 3amuiaBcst
He3MiHHMM a0o0 crocTepiragocss He3HayHe 3HH-
KEHHSI 30HUW iHriOyBaHHs (puc. 2, Tadm. 3). OTxe,
KOMOIHOBaHE 3aCTOCYBaHHsS MAOCHIJHUX PEUOBHH
i3 aMmiIuIiHOM a00 a3UTPOMIIIMHOM TIOKA3aJI0 MPO-
THJICKHI Pe3yJIbTaTH.

OtpuMaHi pe3ynbTati KOMOIHOBAHOTO 3aCTOCY-
BaHHs aszuTpoMminuHy 3 BAK (3a aBTOpChKOIO Me-
TOIWKOI0), MO 30epirajmcs TPUBAIUH dYac TMpH
temrieparypi (-23 £ 1)°C, moxazamu IMOCHUICHHS
IXHBOI MPOTUMIKPOOHOT Jii BIHOCHO BCIX JOCII-
HUX TIONIPE3UCTEHTHUX TPAMIIO3UTHBHUX MIKpO-
opranizmiB (y 100 % 3pa3skiB) Ha 3,0-5,8 MM (quB.
puc. 1, 2, tabmn. 2, 3).

Hani, npeacrasieHi y tabn. 2 ta 3, IOKa3yloTh,
IO MicJisi KOMOIHOBAHOTO 3aCTOCYBaHHS (HiIBTPATiB
JAKTOOAKTepii 1 caxapoMileTiB i3 JeBo(IIOKcaIy-
HOM BIJIHOCHO JIBOX TPENCTaBHUKIB Staphylococcus
Ta omHOro Enterococcus TPOTUMIKpOOHA aKTUB-
HICTh HE TiABHIMyBasacs B 55,6 % 3paskiB, 30Ha
3aTPUMKH  POCTY MIKPOOPTraHi3MiB 3MEHIITyBajacs
Ha 0,8 mm y 11,1 %, a TeHOEHIliS MO TMOCHUICHHS
Ha 1,8 MM Bigmivanacs y 33,3 %.

[Tpu kombinoBanomy 3actocyBanHi BAK i3 ¢rop-
XIHOJIOHAMH (JI€BO(IIOKCAIIMHOM), SIKHH 1HT10YIOTbH
cunre3 OakrepianpHoi JIHK, edextuBHicTh BiA-
CYTHsI, aJie BHUSBIICHO TIOCHJICHHSI IPOTUMIKPOOHOT Aii
(100 %) 3 makpomigamu (a3UTPOMIIIHOM), IO 1HTi-
OyIoTh CHHTE3 OisIka Ha piBHI pubocom. BpaxoByroun
el ¢axT, MOKHA NPUILYCTHTH, IO PE3yjbTaT CH-
HEprivYHOi B3a€MOJii aHTHOIOTHKIB 1 CTPYKTYypHO-
MEeTa0ONITHUX KOMIUIEKCIB L. rhamnosus ta S. bou-
lardii 3anexuTh Bi MeXaHi3My il MPOTUMIKPOOHOTO
JiKapceKoro 3acoly. AJile Tpu CHUIBHOMY 3aCTO-
CyBaHHI [-JakTaMHOTO Tpenapary (aMOiluiiHy),
SKHH 3a MeXaHi3MOM Jii iHribye cuHTE3 KIITHH-
HO1 CTiHKM MiKpoopraHizmiB, 3 BAK Hamu otpumano
npotwiexHi Aani. [locunenns IXHbOI TPOTUMIKPOO-
HOI Jii crmocrepiranocs BiTHOCHO IOJIiPE3UCTECHT-
Horo wramy E. faecalis (ma 6,1-6,3 mm) y 100 %
3pa3KiB, IpY IbOMY 301JIbIIIEHHS 30H 3aTPUMKH POCTY
ctiiikoro 30ynauKa C. xerosis He BcTaHOBIeHO. OTXe,
MIBUINEHHS AKTHBHOCTI BigOyBayocs ITiJ BIUIH-
BOM aHTHOAKTepiadpbHUX TIpermapaTiB i3 pi3HUMH
BAK Ta, #MOBipHO, 3amexajo Big YyTIMBOCTI
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nosus and S. boulardii structural-metabolic comp-
lexes on the antimicrobial effect with these anti-
biotics yielded different results (Fig. 2, Table 3).

After co-administration of B-lactam drug (am-
picillin) with metabolic complexes, an increase
in their antimicrobial activity against a resistant
strain of E. faecalis was observed. For most samp-
les, the rise occurred from (11.1 + 0.3) to (17.4 +
+0.3) mm (fresh) and (11.0 £ 0.3) to (17.1 £ 0.2) mm
(after storage). The combination of ampicillin with
MS showed a maximum increase in enterococcal
growth inhibition zones to (17.5 + 0.4) mm (fre-
shly obtained) and (17.3 + 0.2) mm (after stora-
ge). Moderately resistant to ampicillin enterococci
were sensitive to the combined action of all test
substances with the specified antibiotic (p < 0.05)
(Table 3). When comparing the effect of BACs
before and after freezing as well as storage at a
temperature of (-23 + 1)°C no differences were
found.

For Corynebacterium, first-line antimicrobials
applied in clinic include ampicillin and azith-
romycin. After the joint use of all structural-me-
tabolic complexes with azithromycin, there was
an increase in the zones of growth inhibition of
the corynebacteria multidrug-resistant strain by
(5.0 £ 0.5)+6.1 £ 0.3) mm (freshly obtained)
and (4.8 £ 0.2)(5.8 £ 0.2) mm (after storage),
which was similar to the results of the combined
action of test substances with the specified anti-
biotic against staphylococci. The maximum rise
in antimicrobial activity was observed under the
influence of MLS and MS samples with azithro-
mycin by (6.1 + 0.3) mm before storage and (5.8 +
+ (0.2) mm after storage.

Significant difference in the effect of ampicillin
alone or together with the structural-metabolic
complexes of lactobacilli and saccharomyces was
not observed: the diameter of the growth inhibi-
tion zone of the Corynebacterium multidrug-resis-
tant strain remained unchanged or there was a slight
decrease in the inhibition zone (Fig. 2, Table 3). The-
refore, the combined use of test substances with
ampicillin or azithromycin showed opposite re-
sults.

The results of the combined use of azithro-
mycin with BACs (according to the author’s me-
thod), stored for a long time at (-23 £+ 1)°C, sho-
wed an increase in their antimicrobial action against
all experimental polyresistant gram-positive micro-
organisms (in 100% of samples) by 3.0-5.8 mm
(see Figs. 1, 2, Tables 2, 3) .

The data presented in Tables 2 and 3, demonst-
rate that after the combined use of lactobacilli and
saccharomyces filtrates with levofloxacin against




mTaMy TECT-KYIbTYpU A0 IOCHiAHUX KOMOiHAIiH
BAK i3 anTubioTnkamMu. MakcuMaibHe 301UTbIICHHS
MPUTHIYEHHSI POCTY MIKPOOPraHi3MiB BCTaHOBJICHO
IIPH CHIBHOMY 3aCTOCYBaHHi (DiibTpary MeTaboIiTiB
caxapomineTiB (MS) i3 azuTpominmHOM abo amiri-
muIiHoM Ha 4,8-6,3 MM, 3a BUK/IIOYEHHSIM I10JIi-
PE3UCTCHTHOTO INTaMy KOpWHEOAKTepiil: mpu KOM-
OiHOBaHOMY 3aCTOCYBAaHHI 3 aMITIIMJIIHOM 30HHU
3aTPUMKH POCTY HE 3MiHIOBAJIHCSI.

OTtpumaHi pe3yibTaTtd J100pe Y3TOIKYIOThCS 3
JAHUMH JIOCHIJDKeHb 1HIIUX apropiB [15-17]. Bi-
JIOMe TOCHJICHHS! MPOTHMIKPOOHOT aKTUBHOCTI aH-
TUOIOTHKIB (a3TpeoHaMy, aMiKallMHy, MeEpOIeHe-
My, OAOPOQIIOKCAIMHY) MPOOIOTHYHUMH ILITaMaMH
L. rhamnosus, S. boulardii, S. faecalis i L. aci-
dophilus 1momo pedepeHTHHX Ta MUPKYIIOIYNX
mramiB P. aeruginosa y 71,87 % nocmigaux 3pas-
kiB [16]. BcraHoBIeHO TiIBUINEHHS MPOTHMIK-
poOHOI aKTHBHOCTI aMOKCHIIMIIIHY/KJIaByJIaHATy
noegHaHHi 3 mpobiotukamu S. boulardii Ta L. rham-
nosus Ha 10 MM mporu E. coli [15]. BiamiueHo
301JbIIEHHST 30H IHTIOyBaHHS pocty S. aureus
y 84,37 % mpob, BiacytHicth 3MiH — y 12,5 % Ta
3MeHiieHHst — y 3,12 % 3paskiB aHTHOIOTHKAMH
(aMOKCHUIIMIIIHOM/KJIaByJJaHATOM, a3UTPOMILIUHOM,
IUNpo(IIOKCAIIMHOM) Yy TIO€AHAHHI 3 3a3HaYeHUMH
BUIIIE TPOOIOTHYHUMHU MikpoopraHismamu (L. rham-
nosus, S. boulardii, S. faecalis i L. acidophi-
lus) [17].

Pe3ynpraTi iHIWBIMYyaIbHOI YYTIMBOCTI MIKpO-
opra”iaMmiB 10 pi3HHX KomOiHariii BAK i3 anTm-
OlotukaMu criBnagaroTs i3 gamumu D. Field Tta
ciBaBT. [12], siKi BCTAHOBWJIM IiJ{BUIICHHS MPOTH-
IICEBJOMOHAJIHOI AKTHBHOCTI KOJIICTUHY, IOJIIMIK-
cuHy B HI3MHOM — MOJINENTHIHUM aHTHOIOTHUKOM,
yTBOpeHuM Lactococcus lactis. Y iHIMX pobOoTax
[IpU KOMOTHOBaHOMY 3aCTOCYBaHHI Hi3UHY 3 TUIIPOQ-
JIOKCAIIMHOM CIIOCTEpiraBcs MPOTUMIKPOOHUH edeKT
BIIHOCHO TPBOX i3 I’SATH 13011TiB cTiikux (MRSA)
ta cipuitHITIHBIX (MSSA) mo metunmiiny S. au-
reus, a CHHEpPTI4HY B3a€EMOJIII0 Hi3UHY — BAHKOMIITHY
BCTAHOBJICHO JO NBOX 13 II'SITH INTaMmiB ctadino-
KokiB [11].

VY HactymHHX poOOTax aBTOpaMu ONHMCaHI MeXa-
HI3MH CHHEPTIYHOTO eQeKTy TpaJuliiHUX Ipo-
TUMIKpOOHMX 3aco0iB Ta OIlONOTIYHO aKTHBHHUX
pedoBuH. Tak, MOJIEKYNIU-TIOTEHIIATOPH 3aBISKU
PYWHYBaHHIO HETaTUBHO 3aps/UKCHUX 30BHIIIHIX
MeMOpaH pPE3UCTEHTHUX TIpaMHETaTUBHUX MIiKpo-
OpraHi3MiB JIO3BOJISIIOTH MPOHUKATH IHIIMM HETPO-
HUKHUM MOJICKyJIaM, 30KpeMa aHTHOAKTepialbHUM
nperaparam [20]. KomOinyBauHS momiMikcuHy B
Ta TpaMiUOuHy S, yTBOpeHOTo Aneurinibacillus
migulanus (Bacillus brevis), BIIKpUJIO HOBI MoJIe-
KyJIsipHi MimeHi B MeMmOpaHi Ta TepemKopKae
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two representatives of Staphylococcus and one En-
terococcus the antimicrobial activity did not in-
crease in 55.6% of samples, the zone of growth
inhibition of microorganisms decreased by 0.8 mm
in 11.1%, and the tendency to increase by 1.8 mm
was observed in 33.3%.

When BACs are used jointly with fluoroquino-
lones (levofloxacin), which inhibits bacterial DNA
synthesis, there is no efficacy, but there is a rise
in antimicrobial activity (100%) with macrolides
(azithromycin), which inhibits protein synthesis
at the ribosome level. Assuming this fact, we can
suppose that the result of the synergistic interac-
tion of antibiotics and structural-metabolic comp-
lexes of L. rhamnosus and S. boulardii depends
on the antimicrobial drug effect mechanism. Howe-
ver with the joint use of B-lactam drug (ampi-
cillin), which due to its mechanism of action in-
hibits the synthesis of cell wall of microorganisms,
we obtained the opposite data with BACs. An
increase in their antimicrobial action was observed
relative to the multidrug-resistant strain of E. fae-
calis (by 6.1-6.3 mm) in 100% of the samples,
with no rise in the zones of growth inhibition of
the C. xerosis resistant pathogen. Thus, the en-
hanced activity was observed under the influence
of antibacterial drugs with different BACs and
probably depended on the sensitivity of the test
culture strain to experimental combinations of BACs
with antibiotics. The maximum increase in growth
inhibition of microorganisms was found when
the filtrate of saccharomyces metabolites (MS) was
co-administered with azithromycin or ampicillin
by 4.8-6.3 mm, except for the corynebacteria mul-
tidrug-resistant strain: when combined with am-
picillin, growth inhibition zones did not change.

The findings are aligned with the data reported
by other authors [15-17]. An increase in antimic-
robial activity of antibiotics (aztreonam, amika-
cin, meropenem, ciprofloxacin) by probiotic strains
of L. rhamnosus, S. boulardii, S. faecalis and
L. acidophilus relative to reference and circulating
strains of P. aeruginosa is known in 71.87% of the
studied samples [16]. There was found a rise in
antimicrobial activity of amoxicillin / clavulanate
in combination with S. boulardii and L. rhamnosus
probiotics by 10 mm against E. coli [15]. There
was an increase in zones of S. aureus growth
inhibition in 84.37% of samples, no changes
were found in 12.5% and a decrease was revealed in
3.12% of samples with antibiotics (amoxicillin /
clavulanate, azithromycin, ciprofloxacin) in com-
bination with the above probiotic microorga-
nisms (L. rhamnosus, S. boulardii, S. faecalis and
L. acidophilus) [17].
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3B’S3yBaHHIO JIITaHAIB Ha TiApoQoOHiH MOBepXHi
(epmenTi [13]. BcraHoBieHO MOTEHIIFOBaHHS Tie-
HILWTIHY, aMIIIEFTiHY, TeHTAMIIMHY, KaHAMIIIMHY, POK-
CHTPOMIIIMHY, CTPENTOMIIFHY, BaHKOMIIMHY, XJIO-
pamdenikory, negypokcumy, reda3ominy, nedTpiak-
cony, nedemiMy, nUTPOGIOKCAIMHY, IMiNeHeMY 1
JIHE30Mioy Hi3MHOM. Halikpamiii cuaepriaauii edekt
BIIHOCHO TphOX mmTaMiB E. faecalis mama xoMOi-
Hallisl HI3MHY 1 HeHIWiIiHy abo xiopaMdeHikoiy.
3a JI0MOMOTOK MPOCBIUYHOUOT0 €JIEKTPOHHOTO MiK-
pocCKomna BCTaHOBJICHO, 1O E. faecalis OyB mopy-
mieHuil Oygb-KMM aHTUOIOTMKOM Y TO€JHAHHI 3
HizuHOM [19].

ExcnepuMeHnTanibHe BUBUEHHS 30epeeHHs 0io-
JIOTIYHO aKTUBHUX PEYOBHH MIKPOOHOTO TIOXOJ-
JKCHHSI Ma€ BaXKJIMBE 3HAUYEHHS TSI HAyKOBO-J[OCIi-
HUIBKAX I[JIeH Ta IPOMUCIOBHX MiANMpueEMCTB. Ba-
TOMICTh 3a3HAYCHUX MOCIIHKCHD ITiIKPITUTIOETHCS
0OMEXEHICTIO B JOCTYIHIH JiTepaTypi JaHUX MO0
ONTUMAITBHUX YMOB 30epiraHas Oe3KIITHHHUX IMPO-
0l0TMYHMX TIpernapariB. Y TomepeHiX Halmx pooo-
Tax JAOCHIHPKEHO TPOTUMIKPOOHY aKTHBHICThH (PilbT-
pariB OynbHOHHUX KYJIBTYp NPOOIOTHKIB i3 Pi3HUMHU
MOCIBHUMH JI03aMH OJpa3y Micis OTPUMAHHS Ta
30epiranHs mpotarom 60 mi0 y pigkoMmy craHi 3a
temneparypu (4 + 1)°C, y 3aMOpOXXEHOMY CTaHi
npu (23 £+ 1)°C rta miodinizoBaHOMY CTaHi 3a
rinorepmiuyaux ymoB ((4 £ 1)°C) [2]. Bcranos-
JIEHO, 1110 3a3HadeHi pi3Hi yMOBHU 30epexeHHs (iib-
TpaTiB KyJIbTypaJbHUAX PITUH TIPOOIOTHUKIB BIIPO-
moBK 60 1m0 CyTTEBO HE 3HIDKYIOTH iX MPOTHMIK-
POOHY aKTHBHICTh. 301IbIIECHHS TEpPMiHY 30epiranHs
npu temneparypi (4 = 1)°C 3 60 1i6 1o 6 Micsuis
HETaTUBHO BIUIMBAJO Ha 30€peKeHHS TPOTHOIO-
IUTIBKOBHX BJIACTUBOCTEH CTPYKTYPHO-METaOOTITHUX
KoMIuIeKkCiB L. rhamnosus i S. boulardii BimHOCHO
(opMyBaHHs OIOTUTIBOK TOKCHTCHHUMH TIPEJICTaB-
nukamu Corynebacterium. Ilpore, mpu 30epiraHui
BAK L. rhamnosus i S. boulardii 3a Temmneparypu
(=23 = 1)°C Bmpomomx 6 MicsImiB iX BHUXiTHA
MIPUTHIYYIOYa AaKTHBHICTH IIOI0 YTBOPEHHS Oio-
IUTIBOK TOKCHT€HHWMH TmpenctaBHuKamu Coryne-
bacterium ne 3miHroeTbea. [Ipeacrasieni pe3ynbratu
30epeKeHHsI CHHEPTIYHOi aKTUBHOCTI CTPYKTYpHO-
MeTa0OMITHUX KOMIUIeKCiB L. rhamnosus GG 1
S. boulardii 3 anTHOaKTEpiaJbLHUMHU NpenaparamMmu
BiTHOCHO MONIPE3UCTEHTHUX 30yTHHKIB mpu 30epi-
raHHi y 3amopoxkeHomy crtaHi mpu (23 + 1)°C
JIOTIOBHIOIOTH JIaH1 ONEepeHiX BIACHUX J0CIiHKEHb.
Jlo mepeBar Hamioro crnoco0y 3aMOpOXYBaHHS
MOPIBHAHO 3 IHIIMMH METOJaMH 30epiraHHs CIi[
BiIHECTH TIPOCTOTY, HIOCTYIHICTh Ta HaJIiHICTB.
OTxe, TpencTaBiIcHI B HaHid poOOTI pe3ysbTaTH
MiITBEPKYIOTH TOIUTBHICTh 30€piraHHs y 3aMOpo-
JKEHOMY CTaHi MeTal0lOTHKIB Ha eTamax HayKOBHX
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The results of individual sensitivity of micro-
organisms to different combinations of BACs with
antibiotics coincide with the data of D. Field et al.,
who revealed an increase in antipseudomonas ac-
tivity of colistin, polymyxin B nisin, which is a
polypeptide antibiotic formed by Lactococcus lac-
tis [5]. In other investigations, the combined use
of nisin with ciprofloxacin had an antimicrobial
effect on three of the five isolates, resistant (MRSA)
and susceptible (MSSA) to methicillin S. aureus, and
a synergistic nisin — vancomycin interaction was
found in two of the five strains of staphylococcus [4].

In the following reports, the authors describe
the mechanisms of synergistic effect of tradi-
tional antimicrobials and biologically active subs-
tances. Thus, potentiating molecules due to the de-
struction of negatively charged outer membranes
of resistant gram-negative microorganisms allow
the penetration of other impermeable molecules,
in particular antibacterial drugs [20]. The com-
bination of polymyxin B and gramicidin S, for-
med by Aneurinibacillus migulanus (Bacillus brevis),
has opened new molecular targets in membrane
and inhibits the binding of ligands on hydrophobic
surface of enzymes [12]. Potentiation of penicillin,
ampicillin, gentamicin, kanamycin, roxithromycin,
streptomycin, vancomycin, chloramphenicol, cefu-
roxime, cefazolin, ceftriaxone, cefepime, ciproflo-
xacin, imipenem and linezolid has been established.
The best synergistic effect for the three strains of
E. faecalis was provided by a combination of nisin
and penicillin or chloramphenicol. By means of
transmission electron microscope E. faecalis was
found to be disturbed by any antibiotic in combi-
nation with nisin [19].

Experimental study of the preservation of bio-
logically active substances of microbial origin for
research purposes as well as for industrial enter-
prises is important. The value of these studies is
supported by the limited data in available publi-
cations on the optimal storage conditions for cell-
free probiotic drugs. In our previous works, the
antimicrobial activity of probiotic broth culture
filtrates with different plating doses immediately
after obtaining and storage for 60 days in liquid
state at a temperature of (4 + 1)°C, in a frozen
state at (—23 £ 1)°C and lyophilized state under
hypothermic conditions ((4 = 1)°C) was investi-
gated [7]. These different storage conditions for
the filtrates of probiotic culture fluids for 60 days
were found not significantly to reduce their antimic-
robial activity. Prolongation of the shelf life at a
temperature of (4 £ 1)°C from 60 days to 6 months
negatively affected the preservation of the antifilm
properties of L. rhamnosus and S. boulardii struc-
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JOCHIKeHb 1 BUPOOHHUIITBA MPH CTBOPEHHI MpPOTHU-
MIKpOOHUX 3aco0iB, a TaKoX I PO3POOKH «IIpe-
napariB CyIpOBOMKEHHS 0 aHTUOIOTHKIB.

BucHoBku

1. KombiHoBaHe 3acTOCyBaHHS CTPYKTYpHO-METa-
OOMITHUX KOMILIEKCIB L. rhamnosus ta S. boulardii,
SKi 30epirajgucss TPUBAIMA Yac y 3aMOPOKCHOMY
craHi (23 + 1)°C Ta CBIKOOTPUMAHHUX, 13 JTIEBO(IIOK-
CaIlMHOM BIJIHOCHO JIBOX TIPEACTaBHUKIB Staphy-
lococcus 1 omHoro Enterococcus TPOSBISAIOCS TIO-
CWJICHHSIM TNPOTHUMIKpoOHOi aktuBHOCTi B 33,3%
3pasKiB, He 3MiHIOBaOCs y 55,6 % Ta 3MeHIIyBanocs
Ha 0,8 MMy 11,1 %.

2. llpoTuMikpoOHa JTist a3UTPOMINIMHY TIOIO J0C-
JIHAX MIKpOOPTaHi3MiB ITOCHITFOETHCS BCiMa 0ioio-
TYHO aKTHBHUMH KOMILUIEKCAMH MPOOIOTHIHOTO T10-
XOIDKCHHSA, OCpKaHWMH 3a aBTOPCHKOIO METO-
IuKor0 (Mo Ta micas 30epiraHHs 3a TeMIepaTypu
(23 £+ 1)°C): 30HM iHTIOyBaHHS POCTY MOIipe3nc-
TEHTHUX TPAMITO3UTUBHUX OaKTepiil 301UIbIIyBaIUCS
Ha 3,0-5,8 mm y 100% 3pa3kis.

3. MakcumalbHa CHHEpriYHa Jiisl BIIHOCHO CTil-
Kux 30y/[HUKIB BCTAaHOBJICHA 3a YMOB CIIUILHOTO
3acTocyBaHHs (QiIbTpaTy METabOMITIB caXapoMiLeTiB
oflpa3y Miclsi OTPUMaHHS Ta 30€piraHHs 3 a3UTPO-
MIIIMHOM a00 aMmiliaiHoM Ha 4,8—6,3 mMm. Bukiro-
YEHHAM CTaB KOMOIHOBAaHWI BIUIUB 13 aMITII[HAJIi-
HOM 1[I0 Tojipe3ucteHTHoro mramy Corynebacte-
rium: JiaMeTPH 30H 3aTPUMKH POCTY MIKPOOPTaHi3My
HE 3MIHIOBAJIHCA.

4. JloBeeHo 30epexeHHs IPOTUMIKPOOHOTO e(hek-
Ty CTPYKTYpHO-METa0ONITHUX KOMIUIEKCIB L. rham-
nosus ta S. boulardii niciis BUTPUMKHU 3a TeMIiepa-
Typu (23 + 1)°C nporsirom 6 MicsiB (TepMiH CHO-
CTEPEKEeHHs1) 110 BiIHOLIEHHIO 10 MONiPE3UCTEHTHUX
IPaMIIO3UTHBHUX MIiKpOOPraHi3MiB, 110 MOXe OyTH
BHKOPUCTAHO TPU KOHCTPYIOBaHHI IIperapariB HO-
BOTO ITOKOJTiHHS.

Nitepatypa

1. Bu3HayeHHs 4yTnMBOCTI MiKpoopraHiamiB [0 aHTubakTe-
pianbHMx npenapartiB. Hakaza MO3 Ykpainu npo 3atBepa-
KEHHA meToamyHux BkasiBok Ne 167 Kwuies, 05. 04. 2007
[Internet]. [UutoBaHo 2020 ksiT 05]. [doctynHo Ha: https://
zakon.rada.gov.ua/rada/show/v0167282-07.

2. IcaeHko OKO, Knnw OB, Babuy €M, Ta iH. Bnnue ymoB 36epi-
raHHsa inbTpaTiB OyNbAOHHNX KyNbTYp MPOBIOTUKIB Ha iXHI0
NPOTMMIKPOOHY akTMBHICTb. [Mpobnembl kpuobuonorum n Kpmo-
MeauumnHbl. 2017; 27(4): 311-21.

tural-metabolic complexes with respect to the for-
mation of biofilms by Corynebacterium toxigenic
representatives. However, when storing the BACs
of L. rhamnosus and S. boulardii at a temperature
of (23 = 1)°C for 6 months, their initial inhibi-
tory activity against the formation of biofilms by
toxigenic representatives of Corynebacterium is
preserved. The presented findings on preserving
the synergistic activity of L. rhamnosus GG and
S. boulardii structural-metabolic complexes with
antibacterial drugs against multidrug-resistant pa-
thogens when stored in a frozen state at (-23 £+ 1)°C
supplement the data of previous own studies. The
advantages of our method of freezing compared
to other storage ones consist in its simplicity, avai-
lability and reliability. Therefore, the results pre-
sented in this paper confirm the feasibility of the
storage in a frozen state of metabolites at the re-
search and production stages during development
of antimicrobials and for the development of ‘ac-
companying drugs’ to antibiotics.

Conclusions

1. Combined use of L. rhamnosus and S. boulardii
structural-metabolic complexes, stored for a long
time in a frozen state (—23 + 1)°C and freshly ob-
tained ones, with levofloxacin against two repre-
sentatives of Staphylococcus and one of Entero-
coccus in 33.3% of samples enhanced antimicrobial
activity, it did not increase in 55.6% and the zone
of growth inhibition of microorganisms decreased
by 0.8 mm in 11.1%.

2. Antimicrobial activity of azithromycin as for
experimental microorganisms is enhanced by all
biologically active complexes of probiotic origin,
obtained by the author’s method (before and after
storage at a temperature of (—23 £ 1)°C: zones of
growth inhibition of multidrug-resistant gram-po-
sitive bacteria were increased by 3.0-5.8 mm in
100% of samples.

3. The maximum synergistic effect on relatively
resistant pathogens was established, when the filtrate
of saccharomyces metabolites immediately after
obtaining and storage with either azithromycin or
ampicillin were jointly applied. The exception was the
joint effect with ampicillin on the Corynebacterium
multidrug-resistant strain: the diameters of micro-
organism growth inhibition zones did not change.

4. Preservation of antimicrobial effect of L. rham-
nosus and S. boulardii structural-metabolic com-
plexes after exposure at temperature of (23 + 1)°C
for 6 months (observation period) against polyre-
sistant gram-positive microorganisms, which can
be used to design brand new drugs, has been pro-
ven.
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3. IcaeHko OO, KHuw OB, Babuy €M, Ta iH. MNpoTumikpobHa
aKTUBHICTb MpoAykTiB MeTaboniamy S. boulardii BiAHOCHO
TECT-KYNbTyp CTadinokokiB i kopuHebakTepin. dapmakonoris
Ta nikapcbka Tokcukororisi. 2017; 54 (3): 50-5.

4. lcaeHko OO, Knuw OB, Babuy €M, Ta iH.; [lepxaBHa ycTaHoBa
«IHcTUTYT MmikpoGionorii Ta imyHonorii im. |.I. MeyHukoBa Ha-
LioHanbHOI akageMmii Mean4Hnx Hayk YkpaiHu», nateHToBnac-
HuK. Cnocib ogepxaHHa KoMOiHauii MeTaboniTiB NpoBioTUYHMX
LwTamiB rpubis i GakTepiii. MaTeHT YkpaiHu Ha KOpUCHY Moaenb
Ne 126603. 25. 06. 2018.

5. lIcaeHko OKO., Knnw OB, babwy €M, Ta iH.; [depxaBHa
yctaHoBa «IHCTUTYT Mikpobionorii Ta imyHonorii im. [I. Meu-
HvKkoBa HauioHanbHOI akagemii MeanyHux Hayk YkpaiHuy,
nateHToBnacHuk. Cnocib ogepxaHHa meTaboniTiB NpobioTny-
HMX wTamiB GakTepiii. [aTeHT YkpaiHW Ha KOPUCHY Mopenb
Ne 123122. 12.02.2017.

6. IcaeHko OFO. [lpoTmandTepinHi BNAcTUBOCTI CTPYKTYPHO-
MeTabomMiTHUX KOMMMEKCIB NpobioTMYHUX LWTaMiB nakTobak-
Tepin i caxapomiueTiB y TecTax in vitro Ta in vivo. ®isiono-
rivHun xypHan. 2019; 65(6): 51-61.
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nn MeyHuKoBCbKoro iHCTUTyTy. 2015; 2: 195-9.

8. Arnold MF, Caro-Hernandez P, Tan K, et al. Enteric YaiW is
a surface-exposed outer membrane lipoprotein that affects
sensitivity to an antimicrobial peptide. J Bacteriol. 2014; 196:
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