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The aim of the research was to evaluate the antimicrobial potential of cell-free extracts obtained in various ways from the pro-
biotic strain Lactobacillus reuteri DSM 17938 with respect to their ability to influence the proliferation of antibiotic-resistant
bacteria.

Materials and methods. Cell-free extracts were obtained: 1) from L. reuteri cell suspension, subjected to disintegration by repeated
freezing-thawing, L; 2) from L. reuteri culture, cultivated in its own disintegrate (ML); 3) from L. reuteri culture, cultivated in its own
disintegrate supplemented with glycerol (73.7 mg/ml) and glucose (72.1 mg/ml) (MLG); 4) from L. reuteri culture, cultivated in its
own disintegrate supplemented with ascorbic acid (20 mg/ml) (MLA). Multidrug-resistant (MDR) and extensively drug-resistant
(XDR) clinical isolates: Escherichia coli, Klebsiella pneumoniae, Lelliottia amnigena and Corynebacterium xerosis were used as
a test cultures. The investigation of the inhibitory activity of cell-free extracts was carried out by spectrophotometric method using
a microplate analyzer “Lisa Scan EM” (“Erba Lachema s.r.0.”, Czech Republic).

Results. Cell-free extract L exerted predominantly stimulatory effect on the proliferation of all studied test cultures. Cell-free extract
ML had significant inhibitory effect on the proliferation of E. coliand C. xerosis (growth inhibition indices were 24.8 % and 96.1 %,
respectively) and did not have significant effect on the proliferation of K. pneumoniae and L. amnigena. Cell-free extracts MLG
and MLA caused pronounced inhibition of the proliferative activity of all tested microorganisms. Growth inhibition indices were:
75.0 % and 90.7 % (E. coli), 77.9 % and 88.9 % (K. pneumoniae), 40.9 % and 77.9 % (L. amnigena), 99 % and 100 % (C. xerosis),
respectively.

Conclusions. The cell-free extracts obtained by cultivation of L. reuteriDSM 17938 in its own disintegrate supplemented with
glycerol and glucose or ascorbic acid have shown a pronounced antimicrobial activity against antibiotic-resistant bacteria in
vitro. After confirming safety and efficacy in vivo, they can be used to increase the efficiency of the therapy of diseases caused
by antibiotic-resistant microorganisms. The results of the study indicate the prospects of obtaining probiotic derivatives with
high antimicrobial activity by applying a combinatorial (precursor directed) biosynthesis strategy.

BeskniTMHHI ekcTpakTu Lactobacillus reuteri npotn aHTM6i0TMKOPE3UCTEHTHUX
6akrepii

0. B. KHuw, A. B. MapTtuHoB

MeTa po6oTK — OLHATY NPOTUMIKPOBHWIA NOTeHLjian Ge3KNITUHHUX eKCTPaKTiB, LU0 OTPUMaHI pisHUMK cnocobamu 3 npobio-
TU4Horo Wwramy Lactobacillus reuteri DSM 17938, 3a ixHbO 30aTHICTIO BNNMBaTW Ha nponidepayito GakTepilt, CTilkux o
aHTUBIOTHKIB.

Marepianu Ta meToam. beskniTUHHI ekcTpakTu oTpumyBanu: 1) i3 cycneHsii knitTuH L. reuteri, nigaaHux aesiHTerpawii LWisxom
6araTopasoBoro 3amMopoXyBaHHs-BifTaBaHHs (L); 2) i3 kynstypu L. reuteri, aky KynbTyByBanu B AesiHTerpati BnacHux knituH (ML);
3) i3 kyneTypU L. reuteri, Ky KynbTMBYBanu B A€3iHTErpaTi BNACHUX KNiTUH, JOMOBHEHOMY rrilepuHoM (73,7 Mr/mn) i rnioko30t0
(72,1 mr/mn) (MLG); 4) i3 kynbTypu L. reuteri, iky KynsTByBanu B AesiHTerpati BNacHuX KniT1H, JONOBHEHOMY ackopbiHOBOO KiC-
nototo (20 mr/mn) (MLA). KniHivHi i3015TM 3 MHOXWHHOO nikapcbkoto cTilkicTio (MDR) i 3 Lumpokoto nikapcbkoto cTinkicTio (XDR):
Escherichia coli, Klebsiella pneumoniae, Lelliottia amnigena ta Corynebacterium xerosis 6ynu BUKOPUCTaHi ik TECTOBI KyNbTYpM.
[ocnigeHHs iHribiTopHOT akTMBHOCTI GE3KNITUHHIX EKCTPAKTIB MPOBOAWIM CNEKTPOPOTOMETPUYHIM METOLOM i3 BUKOPUCTAHHSIM
MikponraHLLIeTHoro aHarnisatopa «Lisa Scan EM» («Erba Lachema s.r.o.», Yecbka Pecny6nika).

PesynktaTtu. BeskniTuHHW ekcTpakT L BUSIBMB NepeBaxHO CTUMYNATOPHY Aito Ha NponicdepaTBHY akTUBHICTb YCiX LOCAImKEHNX
KynbTyp. beskniTuHHMIA ekcTpakT ML cnpuymnHsB cyTTeBe NpurHiveHHs nponidepadii E. coli Ta C. xerosis (HOeKCW NPUrHiYeHHs
pocTy cTaHoBunn 24,8 % Ta 96,1 % BiANOBIAHO) Ta HE MaB iCTOTHOrO BNAWBY Ha Nponidepaito K. pneumoniae Ta L. amnigena.
BesknitHHi ekcTpakTt MLG i MLA BUKnuKanm BupaxeHe nNpurHivyeHHs nponichepaTMBHOI akTUBHOCTI BCiX AOCTIKEHNX MiKpOOp-
raHiamiB. IHaekcu npurHiveHHs pocty ctaHoBumn 75,0 % 1a 90,7 % (E. coli), 77,9 % 1a 88,9 % (K. pneumoniae), 40,9 % 1a 77,9 %
(L. amnigena), 99 % Ta 100 % (C. xerosis) BiBNOBIAHO.

BucHoBKuM. Be3kniTUHHI eKCTPaKTW, LLO OTPUMAHI WNSXOM KynbTuByBaHHs L. reuteri DSM 17938 y nesiHTerpati BNacHWX KNiTuH,
[OMNOBHEHOMY TMLEPUHOM i3 MIOKO30K0 abo ackopGiHOBOK KWCMOTOK, NPOLEMOHCTPYBan BUPaXeHy NpOTUMIKPOOHY aKTuB-
HICTb LLOAO aHTMBIOTMKOPE3NCTEHTHUX GakTepii in vitro. Ticns nigTBepmkeHHs 6e3neyYHOCTi Ta NPOTUMIKPOBHOI aKTUBHOCTI
in vivo BOHU MOXYTb ByTV BUKOpWUCTaHi ANs NiABULLEHHST ePEKTUBHOCTI Tepanii 3aXBOPtOBaHb, KOTPi CMIPUYMHEH CTilikuMK [0
aHTUBIOTVKIB MiKpoOpraHiamamu. Pe3ynsTaTti JOCTIMKEHHS CBifYaTh Npo NEpPCrneKTUBHICTb OTPUMAHHS NPOBIOTUYHMX MOXIiAHWX
i3 BUCOKOK NPOTUMIKPOOHOK aKTMBHICTIO LLNSIXOM 3aCTOCyBaHHsi cTparterii KOMGIHAaTOpPHOro (CNpsIMOBaHOrO NPEKYPCOpPOM)
biocuHTe3y.

Zaporozhye medical journal. Volume 22. No. 4, July — August 2020

Key words:
Lactobacillus
reuteri derivatives,
inhibitory activity,
combinatorial
(precursor-directed)
biosynthesis.

Zaporozhye
medical journal
2020; 22 (4), 547-553

*E-mail:
knysh_oksana@ukr.net

Katouosi croBa:
NoXiAHi
Lactobacillus
reuteri, iHribiTopHa
aKTUBHICTb;
KOMOBIHaTOPHUI
(cnpsamoBaHwi
NPEKYPCOpoOM)
GiocuHTes.

3anopisbkui
MeAUYHUN XXYpHaA.
2020.T. 22, Ne 4(121).
C. 547-553

ISSN 2306-4145  http://zmj.zsmu.edu.ua 547


https://doi.org/10.14739/2310-1210.2020.4.208397
https://orcid.org/0000-0002-4105-1299
https://orcid.org/0000-0003-1428-0085
mailto:knysh_oksana%40ukr.net?subject=

Ole r’MMHaAbHbl€e UCCAEAOBAHNA

KatoueBble croBa:
NPOU3BOAHbIE
Lactobacillus
reuteri,
MHrMbUTOpHas
AKTUBHOCTb,
KOMOWHATOPHbIN
(HanpaBAEHHbIN
NpPeKypcopom)
61oCHHTES.

3anopoXcKui

MEeAULIMHCKUI XYPHaA.
2020.T. 22, Ne 4(121).

C. 547-553

548 ISSN 2306-4145 http://zmj.zsmu.edu.ua

BeckaeTouHble aKcTpaKTbl Lactobacillus reuteri npoTB aHTHOUOTUKOPE3UCTEHTHBIX
6akrepui

0. B. KHbiw, A. B. MapTbiHOB

Lienb paGoThi — OLEHUTH MPOTUBOMUKPOGHBIN NOTEHLIMAN BECKNETOUHbIX SKCTPAKTOB, MOMYYEHHbIX PasHbIMM criocobamm 13 npobuo-
Tn4eckoro Wwramma Lactobacillus reuteriDSM 17938, no vx BNUsiHUIO Ha NponudepaLyo 6akTeEpPHIA, YCTOMUMBLIX K aHTUBUOTUKAM.

Marepumans! u MeToabl. beckneTouHble aKCTpakTbl nonyyanu: 1) u3 CycreHany KNeTok L. reuteri, NOABEPrHYTLIX Ae3nHTerpaLmnm
MyTeM MHOTOKPaTHOTO 3aMOpaxu1BaHNs-oTTanBanus (L); 2) 13 KyneTypsl L. reuteri, kynbTUBMPOBAHHON B Ae3nHTerpaTe cOOGCTBEH-
HbIX knetok (ML); 3) ua kynbTypbl L. reuteri, KynbTUBUPOBAHHOM B [e3uHTErpaTe COBCTBEHHbIX KNETOK, AOMOMHEHHOM rnuepu-
HOM (73,7 mr/mn) u rnroko3on (72,1 mrimn) (MLG); 4) n3 kynbTypbl L. reuteri, KynsTUBMPOBAHHOMN B Ae3nHTErpaTe COOCTBEHHbIX
KIeTOK, [ONOMHEHHOM ackopbuHoBoi kucnotoit (20 mr/mn) (MLA). KnuHnyeckve 3onsiTbl ¢ MHOXKECTBEHHOW NeKapCTBEHHON
ycronunsocTbo (MDR) 1 ¢ Wwimpokoi nekapctaeHHon yetoinumsocTbto (XDR): Escherichia coli, Klebsiella pneumoniae, Lelliottia
amnigena v Corynebacterium xerosis Oblnn ©cnonb3oBaHbl kak TECTOBbIE KyNbTYpbI. MiccnenoBaHne MHIMOUTOPHO akTUBHOCTY
6eCKNeTO4HbIX 3KCTPAKTOB MPOBOAWIIM CMIEKTPOOTOMETPUYECKVM METOAOM C UCTONb30BaHNEM MYKPOMIAHLLETHOTO aHanuaaropa
«Lisa Scan EM» («Erba Lachema s.r.0.», Yewickas Pecnybnuka).

Pesynbkrathl. beckneTouHbIit SKCTpakT L NposiBiun NpenMyLLECTBEHHO CTUMYMATOPHOE AENCTBIE Ha NMPONMGEPaTMBHYIO aKTUB-
HOCTb BCEX UCCrnefoBaHHbIX KynbTyp. beckneTouHbin akeTpakT ML Bbi3biBan sHaunTensHoe nogasnexue nponudepaumm E. coli
1 C. Xerosis (WHAeKChI yrHeTeHns pocTa coctasnsanm 24,8 % v 96,1 % COOTBETCTBEHHO) W He OKadblBan CyLUECTBEHHOMO BINSAHUS
Ha nponudepaumto K. pneumoniae v L. amnigena. beckneTtouHble akcTpakTbl MLG 1 MLA BbI3blBanu BblpaxeHHOe YrHeTeHve
nponudepaTMBHON aKTUBHOCTU BCEX MCCMEAOBaAHHbIX MUKPOOPraHnaMoB. MHAeKChl yrHeTeHus pocta coctaensnu 75,0 % u
90,7 % (E. coli), 77,9 % v 88,9 % (K. pneumoniae), 40,9 % n 77,9 % (L. amnigena), 99 % n 100 % (C. Xerosis) COOTBETCTBEHHO.

BbiBogbl. beckneTouHble 3KCTPaKThl, MOMy4eHHbIe NyTeM KynbTueuposaHns L. reuteri DSM 17938 B cobcTBEHHOM Ae3nHTe-
rpate, 4ONOMNHEHHOM MULIEPUHOM U FMOKO30M MW ackopGUHOBOW KMCMOTON, MPOAEMOHCTPUPOBAIN BbIpaXKeHHY0 MPOTUBO-
MUKPOGHYHO aKTUBHOCTb B OTHOLLIEHUM aHTUBMOTUKOPE3NCTEHTHBIX GakTepuii in vitro. Mocne noaTeepxaeHus 6eaonacHoCT
1 NPOTUBOMMKPOBHOI aKTUBHOCTM in Vivo X MOXHO UCMONb30BaTh ANs NoBbILLEHUS 9P HEKTUBHOCTM Tepanuv 3abonesaHuni,
BbI3BaHHbIX YCTONYMBLIMM K aHTUBOMOTMKAM MUKPOOPraHuamMamu. PesynsTaThbl MCCREA0BaHNS YKasbliBatoT Ha NePCNEKTUBHOCTbL
Mony4YeHnst NPON3BOAHbIX MPOBGUOTHKOB C BbICOKOW aHTUMUKPOBHOW aKTUBHOCTBIO MyTEM NPUMEHEHUs CTpaTern KomouHa-

TOPHOTO (HanpaBNEHHOTO NPEKYPCOPOM) BrocuHTE3a.

Uncontrolled, inappropriate and massive imprudent use of
antibiotics has led to spread of antibiotic resistance among
microorganisms. In recent years, antibiotic resistance
has become a serious problem for modern medicine. Its
spread entails the increasing morbidity and mortality due to
infectious diseases[1,2]. In February 2017, the World Health
Organization (WHO) published so-called “Global priority list
of antibiotic-resistant bacteria to guide research, discovery,
and development of new antibiotics” [3]. It lists the most
important at the global level antibiotic-resistant bacteria,
which constitute the greatest threat to human health. The
priority pathogens list (PPL) is divided into three categories
according to the level of priority for the development
of new treatments. The Priority 1 category (critical)
includes gram-negative bacteria: Acinetobacter baumanii,
Pseudomonas aeruginosa and Enterobacteriaceae
(Klebsiella pneumoniae, Escherichia coli, Enterobacter
spp., Serratia spp., Proteus spp., Providencia spp.,
Morganella spp.). These bacteria are resistant to the wide
range of antibiotics, including the most effective of existing
antibiotics for the treatment of bacterial infections with
multiple drug resistance: carbapenems and third-generation
of cephalosporins. The second and third categories are
high and medium priority pathogens (vancomycin-resistant
Enterococcus faecium; methicillin-resistant, vancomycin
intermediate and resistant Staphylococcus aureus and
others). They can cause severe and often fatal infections.
It is assumed that the PPL will be constantly updated in
accordance with the new data.

The highest levels of antibiotic resistance are found
among less pathogenic but more common bacteria that
are prevalentin healthcare institutions [4]. Any opportunistic
microorganism that becomes resistant to antibiotics, poses

a threat to human health. During the last decade, some
reports have described various cases of infections caused
by opportunistic species of the genus Corynebacterium
[5,6]. Corynebacterium xerosis, a representative of
the normal flora of the human body, can cause serious and
life-threatening diseases, such as septicaemia, endocarditis,
pleuropneumonia, peritonitis, osteomyelitis, septic arthritis,
mediastinitis, meningitis, ventriculitis, wound infections in
immunocompromised or post-operative patients [7]. Some
researchers report that among C. xerosis strains isolated
from patients with urogenital pathology and healthy people,
the number of antibiotic resistant pathogens reached
96.0 %. More than 58 % of these strains showed resistance
to three or more antibiotics [8]. The hazard to patient health
and life dramatically increases when a pathogen exhibits
resistance to antibiotics, which are usually effective. The
emergence of drug resistance among coryneform isolates
is of most concern and requires constant monitoring for
the correct and timely treatment of patients with such
infections [5].

The basis for solving the problem of antibiotic
resistance is the WHO global plan of action to combat
the resistance of microorganisms to antimicrobial drugs,
which involves strengthening the groundbreaking work,
research and development of new antimicrobials. It is
hoped that there is an enormous potential of alternative
unconventional approaches to antimicrobial therapy:
the use of antibodies, probiotics, bacteriophages and
lysins, vaccines, antimicrobial peptides (AMPs), host/
innate defense peptides (HDPs/IDRs), antibiofilm peptides,
immune stimulation and others [9]. There are two promising
microbial strategies for restricting antibiotic resistance
spread: bacteriophage- and bacteria-based. Commensal
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(*health-promoting”, “beneficial” or probiotic) bacteria
can inhibit growth and transmission of antibiotic-resistant
pathogens by direct and indirect ways: by their own
production of antimicrobial substances (bacteriocins,
antimicrobial peptides and organic acids) and by causing
the activation of host defense mechanisms (the production
of antimicrobial peptides and IgA, an increase in the mucus
layer thickness). They not only contribute to elimination of
antibiotic-resistant pathogens but there is also evidence
that they may be able to inhibit the horizontal transfer of
antibiotic resistance genes [10].

Itis known that the beneficial effect of probiotic bacteria
on the host organism is realized due to the action of their
structural components and metabolites [11]. Therefore,
using the biological activity of the probiotic derivatives
can also be considered as an alternative way to combat
the spread of antibiotic-resistant bacteria [10,11]. Recent
studies have confirmed the validity of this approach to
the fight against antibiotic-resistant strains. Although
the results were encouraging, they showed the variability
and selectivity of the antimicrobial activity of the probiotic
cell-free supernatants against various antibiotic-resistant
microorganisms [12,13].

L. reuteri is one of the heterofermentative lactobacilli
with a powerful probiotic potential [14,15]. However,
the functional properties of different strains of L. reuteri
are not the same. For example, the different strains of
L. reuteri are capable of producing specific antimicrobial
substances (reutericin, reutericycin and reuterin), but there
is no evidence that single strain is capable of producing
two or more of them simultaneously [16]. The spectrum
of the produced antimicrobial metabolites varies a lot
according to the culture conditions of the producer [17]. In
vitro and in vivo studies (in animal models and in clinical
trials), which proved the anti-inflammatory, antimicrobial and
immunotropic activity of lactobacillus species L. reuteri, were
carried out using various strains. L. reuteri ATCC 55730
and ATCC 17938 are the most commonly used strains in
human trials. Research interest in this probiotic is due not
only to its well-known immunotropic, anti-inflammatory and
antimicrobial activity. Recent attention of researchers has
been focused on the L. reuteri as a producer of reuterin,
which is a precursor-induced antimicrobial agent [18,19].

Precursor-directed biosynthesis strategy is a promising
way to develop new antimicrobials, in particular against
antibiotic-resistant pathogens. Obviously, this approach
involves the study of various substances as precursors. In
our opinion, one of the relevant candidates for the role of
a precursor is ascorbic acid. There is convincing data on
the pronounced intrinsic antimicrobial activity of ascorbic
acid [20,21]. However, our preliminary studies have shown
its weak antimicrobial activity against antibiotic-resistant
strains at concentrations of 0.15-0.60 %.

Aim

The aim of this research was to evaluate the antimicrobial
potential of cell-free extracts obtained in various ways
from the probiotic strain Lactobacillus reuteri DSM 17938

with respect to their ability to influence the proliferation of
antibiotic-resistant bacteria.
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Materials and methods

Probiotic strain L. reuteri DSM 17938 (from dietary
supplement “BioGaia ORS”, BioGaia AB, Sweden) was
used as source of biologically active structural components
and as producer of metabolites. The additional components
included in the dietary supplement were removed as
follows: the lyophilisate from the sachet was rehydrated
with distilled water and centrifuged; the supernatant with
the dissolved salts was decanted. Precipitated bacterial
cells were inoculated into a liquid nutrient medium:
thioglycollate medium or Man, Rogosa and Sharpe
broth (Biolife, Italy) and cultivated for 20-24 hours. After
checking the purity, the culture was washed three times
with sterile saline solution to remove the culture medium.
Bacterial suspensions with an optical density of 10 units on
the MacFarland scale were prepared from the precipitated
cells. Cell-free extracts were obtained from disintegrates
(disintegrated cell suspensions) and cultures of lactobacilli.

Disintegrates were prepared by a repeated freezing-
thawing of the bacterial suspensions in physiological
saline with optical density of 10.0 units according to
the McFarland scale (measured with Densi-La-Meter,
Lachema, Czech Republic). 10 cycles of freeze-thawing
were carried out according to the following regimen: passive
cooling and freezing in the freezing chamber of Samsung
RB29FSRNDSA refrigerator down to —23 °C, thawing in
water bath at 37 °C up to complete thawing.

Probiotic cultures were obtained by cultivating of
lactobacilli in their own disintegrates without supplementation
and supplemented with glycerol & glucose or ascorbic acid.
To this end, the probiotic suspension in physiological saline
of turbidity 10.0 units on the McFarland scale was added into
disintegrate with or without supplementation in 1:9 ratio and
cultured at 37 °C for 72 hours in the microaerobic conditions.

Disintegrates and cultures of lactobacilli were
centrifuged at 3000g for 10 minutes in order to remove
remained cells and cellular debris. Supernatant was passed
through sterile membrane filters with pore diameter of 0.2
micron (Vladipor, RF).

Four cell-free extracts have been studied:

1) L —filtrate of L. reuteri disintegrate;

2) ML —filtrate of L. reuteri culture, cultivated in its own
disintegrate;

3) MLG - filtrate of L. reuteri culture, cultivated in its
own disintegrate supplemented with glycerol (73.7 mg/ml)
and glucose (72.1 mg/ml);

4) MLA—filtrate of L. reuteri culture, cultivated in its own
disintegrate supplemented with ascorbic acid (20 mg/ml).

Clinical isolates: E. coli, K. pneumoniae, L. amnigena
and C. xerosis were used as a test cultures. They were
isolated from patients with urinary tract infection or purulent-
inflammatory surgical diseases. The cultures were stored
in the Collection of Microorganisms of the Laboratory of
Respiratory Infections Prevention of IMI NAMS, Kharkiv,
Ukraine. All isolates were identified based on the phenotypic
traits: morphological, tinctorial, cultural, physiological and
biochemical properties. Susceptibility of bacteria toward
antimicrobial agents of different classes was determined
on Mueller Hinton agar (Merck, Germany) by the Kirby-
Bauer disc diffusion test. Antibiotic-containing disks were
produced by JSC Aspect (Ukraine) and company HiMedia
(India). The lists of tested antimicrobial agents corresponded
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to those previously published [22]. Clinical isolates were
considered as resistant, intermediate or susceptible
according to inhibition zone diameters. Quality control was
performed using E. coli ATCC 25922 and Pseudomonas
aeruginosa ATCC 27853. Susceptibility interpretations
were conducted considering CLSI (Clinical and Laboratory
Standards Institute) document M100-S26 (Performance
Standards for Antimicrobial Susceptibility Testing, 2016)
and/or EUCAST breakpoints (European Committee on
Antimicrobial Susceptibility Testing, 2019. Breakpoint tables
for interpretation of MICs and zone diameters. Version 9.0).
Based on the antimicrobial resistance profiles, all isolates
were categorized according to the criteria previously
proposed [22].

Preparation of the inoculum: the test cultures were
cultivated overnight aerobically at 37 °C on Mueller-
Hinton agar (Merck, Germany). After verifying the purity
of the culture, some colonies from the overnight incubated
agar medium were emulsified in a physiological saline for
obtaining a suspension of turbidity 0.5 on the McFarland
scale. The turbidity of the suspension was measured using
the Densi-La-Meter Il device (PLIVA-Lachema Diagnostika,
Czech Republic).

Effect of cell-free extracts on proliferative activity of
clinical isolates was studied using spectrophotometric
microplate method previously described in detail [23].
Briefly, an increase in the optical density of test cultures
was compared in the presence (test samples) or absence
(control samples) of the studied cell-free extracts. Test
cultures were exposed to whole cell-free extracts for one
hour and after adding of Meat-Peptone Broth (HiMedia,
India), the concentration of the extracts in the incubation
medium was 30 % vol. The concentration of test cultures
in the incubation medium was ~10° CFU/ml. The optical
density (OD) of the wells was measured at 578 nm using
a microtiter-plate reader “Lisa Scan EM” (“Erba Lachema
s.r.0.”, Czech Republic) immediately before and after
incubation of plates aerobically for 24 hours at 35-37 °C in
static conditions. Growth inhibition (or stimulation) indices
were calculated by the formula: Gl (GSI) = (AOD-AOD,..,)
AQOD,x100 %, where AOD and AOD,,, were the changes
in optical density of the control and test samples within 24
hours, PC — positive control sample containing test-culture
without cell-free extract.

All experiments were performed three times. Each
sample was tested in triplicate. Average values of obtained
indices (AOD) with standard deviations (SD) were
determined. Obtained data were statistically processed with
Excel 2010 software (Microsoft, USA). One-way analysis
of variance (ANOVA) followed by post hoc Bonferroni’s
multiple comparison test was performed. Differences were
considered significant at P < 0.05.

The study was conducted in the Laboratory of
Respiratory Infections Prevention of IMI NAMS.

Results

In accordance with the results of the antibiotic susceptibility
study by disc diffusion, test clinical isolates were defined
as MDR (multidrug-resistant) and XDR (extensively drug-
resistant). It is important to note that E. coli, K. pneumonia
and L. amnigena were resistant to carbapenems and

third-generation of cephalosporins. This allowed them
to be subsumed under the first category according to
the level of priority for the development of new treatments
[3]. C. xerosis was resistant to penicillins, fluoroquinolones,
aminoglycosides, macrolides, tetracyclines, moderately
resistant to rifampicin and susceptible only to vancomycin
and linezolid.

Incubation of two test-cultures, L. amnigena and
C. xerosis, in the cultivation medium containing cell-free
extract L was accompanied by pronounced increase in their
optical density (Fig.1). The GSls calculated by the formula
for these cultures were 56.0 % and 71.7 %, respectively.
E. coliand K. pneumoniae were cultures, the optical density
increase of which in the presence of this extract was not
significantly higher than in case of its absence (GSls were
17.3 and 4.3 %, respectively). Thus, extract L did not
significantly affect the proliferative activity of some cultures
and significantly stimulated the growth of others. Notably,
the differences in the extract L effect on cultures did not
depend on their Gram stain.

As shown in Fig. 2, the presence of ML extract in
the cultivation medium did not significantly affect the optical
density increase of two test-cultures: K. pneumoniae and
L. amnigena. GSls, calculated for them, were 1.8 % and
18.3 %, respectively. The optical density increase of other
two cultures (E. coli and C. xerosis) in the presence of this
extract was significantly inhibited: Glls were 24.8 % and
96.1 %, respectively. There was no association between
the nature of the ML extract effect and Gram stain of
the tested cultures.

MLG cell-free extract showed remarkable antibacterial
activity against all studied antibiotic resistant test-cultures
regardless of their Gram stain (Fig. 3). This extract presented
excellent inhibitory activity against C. xerosis. The optical
density increase of this test-culture in the presence of MLG
extract in the cultivation medium was negligible or absent
(Gl was 99 %). This extract also possesses moderate
antibacterial activities against E. coli, K. pneumoniae
and L. amnigena as evidenced by a significant inhibition
of the optical density increase of these test cultures in
the presence of MLG extract in the incubation medium
compared to controls (Glls were 75 %, 77.9 % and 40.9 %,
respectively).

As can be seen from the data presented in Fig. 4, MLA
extract showed high inhibitory activity against all studied
test-cultures. Growth of C. xerosis was ceased under
the influence of this extract. The optical density increase
of the other three test cultures (E. coli, K. pneumoniae and
L. amnigena) in the presence of this extract was small.
Glls, calculated for them, were 90.7 %, 88.9 % and 77.9 %,
respectively.

Discussion

The cell-free extract L contains the disintegration L. reuteri
products obtained by repeated cyclic freeze-thawing. At
the freeze-thawing stages, cells receive sublethal and
lethal damage through undergoing the thermal, osmotic,
thermomechanical, dehydration, rehydration shock
and mechanical disruption by ice crystals. Because of
cellular integrity violation, not only superficial, but also
intracellular structural components and metabolites of
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cultures (average AOD + SD at 578 nm, n = 3): K: positive control; L: filtrate of L. reuteri
disintegrate; *: the differences are significant compared to the K; P < 0.05.

Fig. 2. The effect of cell-free extract ML on the proliferation of antibiotic-resistant test-
cultures (average AOD £ SD at 578 nm, n = 3): K: positive control; ML: filtrate of L. reuteri
culture, cultivated in its own disintegrate; *: the differences are significant compared to

the K; P < 0.05.
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Fig. 4. The effect of cell-free extract MLA on the proliferation of antibiotic-resistant
test-cultures (average AOD + SD at 578 nm, n = 3): K: positive control; MLA: filtrate of
L. reuteri culture, cultivated in its own disintegrate supplemented with ascorbic acid;

glucose; *: the differences are significant compared to the K; P < 0.05.

stressed cells enter the extracellular space. Obviously,
the extract from L. reuteri disintegrate contains both
MAMPs (microbe-associated molecular patterns) and
DAMPs (damage-associated molecular patterns). It is
known that these bacterial structures possess powerful
bioregulatory potential. For example, cold shock proteins
have the ability to orchestrate multiple cellular processes,
including proliferation and differentiation by regulation of
transcription, translation, and splicing [24]. The results of this
research stage indicate that the cell-free extract obtained
from L. reuteri disintegrate contains derivatives of lactobacilli
that cause a predominantly stimulating effect on proliferation
of antibiotic resistant test-cultures. Since the extract has a
complex composition, only the fractionation and studying
the effects of its individual fractions will help to elucidate
the mechanism of its action.

In contrast to the L extract, which contains
the disintegration products of bacteria, the cell-free extract
ML contains lactobacillus metabolites obtained by cultivation
them in their own disintegrates. It is known that L. reuteri
are capable of producing a number of metabolites with
antimicrobial activity: organic acids (lactic, phenyllactic
and acetic), ethanol, hydrogen peroxide, bacteriocin-like
high-molecular-mass compounds and others [14,15,17].
Production of antimicrobial compounds strictly depends not
only on the lactobacillus strain, but also on the cultivation
conditions (pH, temperature and the adequate concentration
of specific precursors, glucose, salts, and enzyme
cofactors) [17]. Clearly, the ability of ML extracts to inhibit
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the proliferation of E. coli and C. xerosis is associated
with the presence of the above-mentioned antimicrobial
substances. At the same time, the antimicrobial potential
of this extract is insufficient to suppress the proliferative
activity of antibiotic resistant isolates of K. pneumoniae
and L. amnigena. To date, a number of studies have
been published, indicating the antimicrobial activity of
L. reuteri metabolites obtained by cultivation of producer
on conventional nutrient media [13,25-27]. The results of
these studies allow us to draw some conclusions: the main
extracellular antibacterial agents of lactobacilli are organic
acids (pH-neutralization elicited the most significant impact
on the antimicrobial activity of cell-free supernatants, while
proteinase and heat treatment had little or no impact); longer
cultivation of the producer in microaerobic conditions results
in stronger inhibition of test bacteria. Unfortunately, among
the published works there are few studies on the effect of
L. reuteri metabolites on antibiotic resistant bacteria. Some
authors have shown that supernatant of L. reuteri strain
isolated from a commercial oral product exhibits relatively
weak inhibitory activity (20 %) against MDR clinical isolates
of P. aeruginosa [27]. Despite the differences in the method
of obtaining the metabolite-containing product and
the method of studying its antimicrobial activity, the results
obtained by Jamalifar et al. and the results of this study
on the effect of the ML extract on Gram-negative bacteria
are similar. In contrast to the data obtained in this study,
other authors found out a significant antagonistic activity of
L. reuteri against multiple antibiotic-resistant K. pneumoniae
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strains [13]. The suppression degree of the K. pneumoniae
by L. reuteri varied in the range of 56—73 %. However, such
pronounced inhibition was obtained by the co-cultivation
of microorganisms and may indicate the existence of a
mechanism for the induction of L. reuteri antimicrobial activity
by co-cultured microorganism. Cell-free supernatants of
other Lactobacillus species (L. acidophilus, L. paracasei,
L. delbrueckii, L. casei, L. helveticus, L. brevis, L. salivarius,
L. fermentum, L. rhamnosus, L. animalis, and L. plantarum)
showed different antimicrobial activity against a number of
MDR uropathogens: Candida albicans, K. pneumoniae,
P.aeruginosa, E. coli, and Enterococcus fecalis. Only one
indicator strain (Staphylococcus aureus DPC 6867) showed
resistance to all the lactobacillus supernatants [12]. Among
fifty-seven Lactobacillus spp. strains, only five exerted high
anti-carbapenem-resistant Enterobacteriaceae activity. The
minimum inhibitory percentage of supernatants of these five
strains ranged from 10 % to 30 % [28]. These data indicate
the variability and selectivity of the antimicrobial activity of
cell-free supernatants of probiotic origin.

It is known that L. reuteri can produce and excrete
reuterin [14,15]. This antimicrobial compound is able
to inhibit or inactivate a wide range of microorganisms:
bacteria, fungi, protozoa and viruses. At the same
time, L. reuteri strains are resistant to it. Reuterin is a
mixture of different forms of 3-hydroxypropionaldehyde
(3-HPA). Production of reuterin is the result of glycerol
fermentation. In the gastrointestinal tract, where L. reuteri
usually inhabited, small amounts of glycerol are available.
However, for complete growth inhibition, for example,
enterobacteria L. reuteri requires at least 0.2 % of glycerol.
These circumstances should encourage researchers to
reconsider existing methods of using probiotic supplements
for more effective clinical use of their antimicrobial potential
[18]. Precursor-directed antimicrobial biosynthesis is
considered as a promising strategy for next-generation
probiotics development [19]. The results of this study have
confirmed its promise. The cell-free extracts, obtained by
cultivating L. reuteri in its own disintegrate supplemented
with glycerol & glucose, have shown high and moderate
antimicrobial activity against antibiotic-resistant bacterial
strains. However, it is worth remembering that in vitro
activity cannot be equated with an in vivo effect. In
addition, there are circumstances that must be taken into
account before in vivo use of the extracts thus obtained:;
it is known that reuterin can be reversibly converted into
the toxic substance acrolein. Moreover, some authors have
suggested that acrolein is an active compound responsible
for the antimicrobial activity attributed to reuterin [29].
Therefore, thorough toxicological studies are necessary
before the therapeutic use of these extracts.

MLA cell-free extract exerted the most pronounced
antimicrobial activity against antibiotic-resistant bacteria
among all the studied extracts. The results are consistent
with the data from other authors who previously reported
inhibitory activity of ascorbic acid against Gram-positive
and Gram-negative bacteria [20,21,30]. Some authors have
suggested that the antibacterial activity of ascorbic acid
was not due to acidification or a decrease in pH, but owing
to specific action of ascorbic acid on the cell membrane or
cell enzymes [21]. Other authors experimentally confirmed
the existence of another mechanism of bacterial growth

inhibition (another than acidification) [30]. The discovered
in this study high inhibitory effect of MLA extract cannot
be explained only by the intrinsic antimicrobial activity of
ascorbic acid. Firstly, ascorbic acid at a similar concentration
had a significantly weaker inhibitory effect on the studied
microorganisms. Secondly, a chromatographic study
showed that the substance found in the greatest quantity in
MLA cell-free extract was a modified ascorbic acid (data not
shown). It is possible that just the modified ascorbic acid is
responsible for the high antimicrobial activity of MLA extract.
Thirdly, the high antimicrobial potential of the MLA extract
can be partially explained by the presence of others organic
acids, in particular lactic acid. The synergistic inhibitory
effect caused by combination of ascorbic and lactic acid was
discovered earlier [30]. Further study is necessary to clarify
the mechanism of antimicrobial activity of MLA extract.

Conclusions

1. The cell-free extracts obtained by cultivation of
L. reuteriDSM 17938 in its own disintegrate supplemented
with glycerol and glucose or ascorbic acid have shown a
pronounced antimicrobial activity against antibiotic-resistant
bacteria in vitro.

2. After confirming safety and efficacy in vivo, they can
be used to increase the efficiency of the therapy of diseases
caused by antibiotic-resistant microorganisms.

3. The results of the study indicate the prospects
of obtaining probiotic derivatives with high antimicrobial
activity by applying a combinatorial (precursor directed)
biosynthesis strategy.

Prospects for further research: obtained results will
be used to develop new antimicrobial agents of probiotic
origin, effective against antibiotic-resistant bacteria.
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