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SENSITIVITY OF ANTIBIOTIC-RESISTANT MICROORGANISMS  TO METABOLITES
OF LACTOBACTERIAAND COMBINATION OF LACTOBACILLUS R HAMNOSUS GG
AND SACCHAROMYCES BOULARDII METABOLITES
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The study investigates the antibacterial activityneetabolites (cultured separately Lactobacilluanthosus GG or in
combined with Saccharomyces boulardii in disintegraf L. rhamnosus GG) against multidrug-resistantoorganisms. Metabolites
of lactobacillus and L. rhamnosus withi®ulardii demonstrated a 100 % bactericidal effiecthe Corynebacterium xerosis regardless
of the initial test culture seeding dose. All tperimental samples were bactericidal on the stia@fiiottia amnigena, Acinetobacter
baumannii, Pseudomonas aeruginosa with a lowél iséeding dose (0.5 units by the McFarland scilleted 10 times). Increasing
the dose of test cultures to 1.0 unit by the Mefratlscale was accompanied by the presence ofttimgpas viable cells (48.0+8.32 —
68.72+7.16) % after exposure to cell-free substanthe metabolites obtained by means of our ownntdogy, due to its high
antibacterial activity against antibiotic-resistpathogens, open the prospect for further desigaingw class of antimicrobial agents
for broad spectrum.
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YYTIIMBICTb AHTUBIOTUKOPE3UCTEHTHUX MIKPOOPI'AHI3MIB /IO METABOJIITIB
JIAKTOBAKTEPIA TA KOMBIHAIIII METABOJITIB LACTOBACILLUS RHAMNOSUS GG 1
SACCHAROMYCES BOULARDII

B jociiukeHHI BUBYAETHCSL aHTHOAKTEpiaibHa aKTHBHICTH MeTaboriTiB (KynsTnBoBaHHX Okpemo Lactobacillus rhamnosus
GG abo crinbHO 3 Saccharomyces boulardiinesinrerparax nakrodaxrepiii) 11010 HOMIPE3UCTEHTHHX MiKpoopraHi3Mis. MeTtabomiti
naxrobakrepiii i L. rhamnosus S. boulardiinpostisuin 100 %6axrepunmanuii epekr moxo Corynebacterium xerosigsanexHo Bif
MO0YaTKOBOI IIOCIBHOI JI03H TeCT-Ky/bTypH. Bei mocminsi 3pasku GakrepuiwiHo BiuMBaiu Ha mramu Lelliottia amnigena, Acinetobacter
baumannii, Pseudomonas aeruginasaosu 3actocyBanHst HIDKIOI BUXiAHOT mociBHOT 1031 (0,5 omuruis 3a mikanoo Mak®apnanz,
possezieHoro B 10 pasis). 36isblieH s 1031 TeCT-KyinsTyp 10 1,0 omuHuii 3a mikanown Mak®apiaHy CynpoBOIKYBAIOCS HASBHICTIO
JKUTTE3NATHUX KIiTHH 30ynHukiB (48,0+8,32 — 68,72+7,16) Yicis BurpuMku 3 pedoBuHamu. OTprUMaHi 3a BIACHOIO TEXHOJIOTIEI0
MeTa0OoIITH 3aBISKA BHCOKIH aHTHOAKTEpialbHil aKTUBHOCTI BiIKPUBAIOTh MEPCIICKTHBY MaiOyTHROTO KOHCTPYIOBAaHHS HOBOTO KJIacy
HNPOTUMIKPOOHHX MPETapariB 3 LIMPOKUM CIIEKTPOM [ii.

KurouoBi ciioBa: MerTaboiiTH, Je3iHTErpard, aHTHOIOTHKOpe3UCTeHTHI Mikpooprauismu, Lactobacillus rhamnosus GG,
Saccharomyces boulardii

The work is a fragment of the research project &tof biological and physico-chemical preconditiémsthe development
of anti-diphtheria agents based on probiotic stsametabolites”, of the laboratory for respiratomféctions prevention at the Sl “IMI
NAMS”, state registration No. 0116U000864.

Wrestling to antibiotic-resistant pathogens of @asi diseases is a modern world problem. The rapid
spread of multidrug-resistant cultures is causedhbyfree movement of people: migration, travellarg
economically low living standard. Also, self-medioa and inappropriate use of antibiotics promadtes
development of resistant microorganisms, whichiticahl drugs do not effect on. The lack of baeteri
sensitivity to antibiotics makes the treatment pascusing low-active drugs ineffective, which isoaamon
problem for medical workers, patients, pharmacealpeoducts manufacturers and researchers. Ataime s
time, more and more antibiotic resistance is olezkein those pathogens that were previously susbejid
antimicrobial agents.

Resistance of microorganisms also draws attentientd the widespread development of multiple
drug resistance simultaneously to several drughffeirent groups with wide spectrum of action. Ntirtg-
resistantagents more frequently cause intestinal diseaggser urespiratory tract infections, wound and
surgical infections caused mainly by methicillisisgtant staphylococci, enterococci, pseudomonatistuer
enterobacteria [1].
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The priority of this problem is confirmed by congtappeals of the WHO with proposals for solving
this difficult situation concerning the permanerdrease of pathogens strains with multiple druigtaesce. In
2017, the WHO has published resistant microorgas)isimided according to the risk groups, among whic
the threat is primarily presented by: Acinetobgcfeseudomonas, various types of Enterobacteriaceae
(Klebsiella, E. coli, Serratia, Proteus) [10].

Particular attention deserve resistant to antirbiefadrugs strains, such as Pseudomonas aeruginosa
(P. aeruginosa), whose number is constantly growioddwide [5, 10]. According to the WHO, additidna
fatal cases caused by resistance to P. aerugiadsapenems amount up to 7%. It is known that mulid
resistance to P. aeruginosa is due to several misoi& production of enzymes, loss of the outer brare
protein, mutations, etc..

Alarming is the multidrug-resistant of A. baumartniitraditional antibacterial agents [1]. In studyi
the sensitivity of 90 hospital strains of Acinetotes baumanii to 8 antimicrobials, a high levetadistance to
most of the antibiotics under study was establishwth permitted the authors to prove the epidespread
of the extreme-resistant A. baumanii strains.

According to the WHO, the number of deaths caugadi&bsiella pneumoniae and Escherichia coli,
resistant only to the third generation cephalosigphias grown by 52%, the same for each pathogerH&
difficulty is that even among the highly sensitiypes of microorganisms to a certain antibactagaint, there
will always be individual cells in the isolates tth@pontaneously have become resistant to this air th
antimicrobial agent.

A promising alternative to ineffective antibacteagents is the non-cellular metabolic probiotias d
to their pronounced antimicrobial activity and litegectrum of action. Their significant advantagjalso a
low rate of the bacterial resistance induction,the difficulty of developing bacteria resistancesubstances
of the probiotic origin. Metabolic products (exoatmilites) of microorganisms, or, as they are called
metabolic-type drugs are the substitution therapgms, which virtually do not produce side effects tb the
absence of toxic properties.

The purpose of the study was to substantiate the promising afséhe original metabolites in
combination with the cell disintegrates of Lactalhae rhamnosus GG against multidrug resistance
microorganisms for designing antimicrobial drugthvei wide spectrum of action.

Materials and methods.When receiving the disintegrate (structural comptse L), the lactobacilli
cells Lactobacillus rhamnosus GG (L. rhamnosus)EHERRA® symbiotic, Schonen, Switzerland) with an
optical density of 10.0 units by the McFarland s¢@lensi-La-Meter device, Czech Republic) weraliated
by means of the G3-109 ultrasonic generator.

To obtain the lactobacilli metabolites, L. rhamrosuicrobial suspension was cultivated in its own
ultrasonic disintegrate (ML). lactobacilli susp&msiwas introduced into the disintegrate at a ratid.: 9,
cultivated at 37 ° C for three days, centrifuged.@0 g for 30 minutes, and filtered using Qi@ pore
diameter membrane filters [8].

Biologically active metabolic compounds of the bamnosus and Saccharomyces boulardii (S.
boulardii) probiotic strains (BULARDI®, Schonen, Berland), which are a combination of bacteriall an
fungal metabolites, were obtained by cultivatingdurcer cells in disintegrates of lactobacilli (MLS)

The study of disintegrate filtrates, L. rhamnosustainolites and a mixture of bacteria and fungi
antimicrobial activity was carried out on multidrugsistance to antibiotics test cultures: Corynigamn
xerosis PR, Klebsiella pneumonia PR, Pseudomomagiaesa PR, Acinetobacter baumannii PR, Lelliottia
amnigena (Enterobacter amnigenus) PR (to levofloxaeftriaxone, ciprofloxacin, doxycycline, amioi
cefepime).

The optical density of the probiotic strains andhpgens suspensions was determined using
McFarland's turbidity standard on the Densi-La-Metievice (PLIVA-Lachema Diagnostika, (Czech
Republic)). The cultures were synchronized usisipgle-dose low-temperature effect.

For antimicrobial effect determination of disintefgts and lactobacilli metabolites, experimental
suspensions of test strains were prepared withpacabdensity of 0.5 units by the McFarland sqiieF)
and diluted by 10 times (conditionally designated#5), as prescribed by the guidance [3]. Thikadirst
concentration of bacteria cultures suspensionsithikethe experiment. The second suspension exddbde
recommended by the guidelines concentration byir2€stand amounted 1.0 units by the McFarland scale.
Suspensions of microorganism cultures, in a rati@:®, were introduced into a filtrate with metates:
experimental samples, and into a physiologicaltesiwof sodium chloride: control samples. Exposafréhe
samples under study was carried out 4t@GBTor 2 hours. Seeding from the control and expenital samples
was carried out on a solid nutrient medium, dependn the test culture species, with determinatiotine
colony-forming units (CFU) number in the test stgai The living microorganisms’ number in the
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experimental suspension was determined by themmesd colonies. The results of the CFU definitioere
expressed in decimal logarithms (Ig).

All experiments were performed in three or fouretéfpns. The statistical processing of the study
results was carried out using the Microsoft Ex@®@software package. The average values of tlaénelbit
indices (M) and their standard errors (m) were rdateed. The reliability of the difference betwedre t
obtained indices was determined using the Studéwtiserion. Differences in the studied samplediaas
were considered statistically reliable in relatiothe control samples at p<0.05.

Results of the study and their discussionTaking into account the preliminary data on a wide
spectrum of antimicrobial activity concerning theference test strains of the obtained L. rhamnosus
substances concerning, the next stage of our waskthe study of the lactobacilli metabolic by-pradu
influence on resistant microorganisms strains seglgr or in combination with saccharomycetes. la th
previous studies, a high sensitivity to probioticmmorganisms disintegrates and metabolites wasfested
by the biofilm forms of polyresistant gram-negatbacteria. The antibacterial activity study of hamnosus
(ML) metabolite filtrates and mixtures of sacchayoes and lactobacillus (MLS) metabolites with regar
the non-diphtheric corynebacterium strain multidreggistance to antibiotics demonstrated a 100%
bactericidal effect irrespective of the test c@tgeeding dose (fig. 1.a). Quantitative indicethefselected
pathogen viability in lactobacilli disintegrates) @amples, when applying the seeding culture test df 1.0
unit by the McFarland scale, were reliably lowemgared to the control values. Thus, a reductio.of
xerosis PR cells CFU under the influence of stmatttomponents (L) occurred by 2.3 times less, antiog!
56.76+8.18% compared to the control values. Thehwuwrs exposure of a non-diphtheria corynebacteria
strain with a seeding dose of microbial cells antiogr0.5 units by the McFarland scale (diluted ibes) in
the L. rhamnosus (L) disintegrate filtrates resLlitethe viability loss of the selected test cwtur
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Fig. 1.a. Viability indices of multiple drug resiste Corynebacterium xerosis microorganism afteogxe to ultrasonic disintegrates and
metabolites of lactobacilli
Note: C — control, L — disintegrate (structural paments) of lactobacill, ML — metabolites (metab@ompounds) of lactobacilli, MLS —
combination of saccharomycetes and lactobacillabwites, S — disintegrate (structural componeftshccharomycetes, MS — metabolites (metabolic
compounds) of saccharomycetes grown on sacchartesyt& — metabolites (metabolic compounds) ofreaomycetes grown on lactobacilli;
*the differences are statistically significant cared to the control indices: — (p<0.05)

The results of studies on the antimicrobial properof lactobacilli (L) disintegrates kthamnosus
(ML) metabolites, mixture of fungal and bacteriabtabolites (MLS), with respect to the multiple drug
resistance Lelliottia amnigena (Enterobacter anmiggstrain, display the data that reliably diffem the
control ones (fig. 1.b).

Thus, the lower CFU test cultures with a seedirgeduaf 1.0 unit by the McFarland scale after the
two-hours exposure were observed in all the teadges compared to the control values: L — by IMI5-
by 1.5, MLS — by 1, 49 times (P<0.05). The two-lsoexposure of L. amnigena (E. amnigenus) PR in the
presented samples provided using seeding doseS ohils by the McFarland scale (diluted 10 tintes)ses
a complete (100%) loss of of the test culture’®itt.

The reduction in the A. baumannii living microbdalls number under the influence of bacteria (L)
disintegrates occurred by 1.78 times, after exgosuriactobacilli metabolites (ML) — by 2.08 times)d
when incubated with a combination of fungi and &aat(MLS) — by 2.05 times (fig. 2). Provided a &@w
seeding dose of pathogenic agents, 0.5 units byitttearland scale (diluted 10 times), a lack of grow
(100%) of the selected test culture (P<0.05) wesbbshed.

A comparative study using a quantitative methodstgess the antimicrobial properties of lactobacilli
filtrates against the multiple drug resistanceirstod K. pneumonia showed a bacteriostatic actiopaoterial
disintegrates (fig. 1.c). Thus, the number of \eabtélls reduced by 1.53 and 2.25 times, dependintne
initial seeding dose of the pathogen test cultialesn for the experiment.
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Fig. 1.b. Viability indices of multiple drug resasicelLelliottia amnigena(Enterobacter amnigenjga) and Acinetobacter baumann{b)
microorganisms after exposure to ultrasonic dighaties and metabolites of lactobacilli
Note: C — control, L — disintegrate (structural paments) of lactobacill, ML — metabolites (metab@ompounds) of lactobacilli, MLS —
combination of saccharomycetes and lactobacillabwites, S — disintegrate (structural componesftspccharomycetes, MS — metabolites (metabolic
compounds) of saccharomycetes grown on sacchartesytS — metabolites (metabolic compounds) ofteaomycetes grown on lactobacilli;
*the differences are statistically significant cared to the control indices: — (p<0.05)

The CFU indices of multiple drug resistance sti@irpneumonia after exposure to the lactobacilli
disintegrate amounted 44.37+8.22% (with the in@@icentration of 0.5 units by the McFarland sadilated
10 times) and 65.33+7.54% (with the initial concation of 1.0 units by the McFarland scale).

Consequently, according to its antibacterial agtivihe bacteria (L) structural components are
inferior to other samples. The presence of baafaticeffect produced by lactobacilli (ML) metabolic
compounds as well as bacteria metabolites and f(MgB) combination to the selected pathogen was
observed after two hours exposure under the condifi applying a lower test culture seeding dage Ifc).
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Fig. 1.c. Viability indices of multiple drug resisice Klebsiella pneumonia)(and Pseudomonas aeruginosa (b) microorganismes aft
exposure to ultrasonic disintegrates and metabaft&actobacilli
Note: C — control, L — disintegrate (structural paments) of lactobacill, ML — metabolites (metab@ompounds) of lactobacilli, MLS —
combination of saccharomycetes and lactobacillabwites, S — disintegrate (structural componesftspccharomycetes, MS — metabolites (metabolic
compounds) of saccharomycetes grown on saccharteayt& — metabolites (metabolic compounds) ofte@omycetes grown on lactobacilli;
*the differences are statistically significant cargd to the control indices: — (p<0.05).

The pronounced antimicrobial activity of the expemtal samples against the P. aeruginosa multiple
drug resistance pathogen was established (fig. The) complete loss of viability of the specifigthin was
observed with the test culture exposure at thialisiéeding dose of 0.5 units by the McFarlandesciiluted
10 times in the disintegrate and both types metabaamples (L, ML, MLS). A similar effect was aioted
with the use of L. rhamnosus (ML) metabolites iatien to P. aeruginosa with the initial seedingalof 1.0
units by the McFarland scale, indicating a greatmsitivity of the selected pseudomonas strairhéo t
lactobacilli products. The antimicrobial properties other probiotic origin samples with respect Ro
aeruginosa with a higher seeding dose were magtfdst bacteriostatic action, which was accompabied
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the pathogen viable cells number reduction by 1irvi8s after interaction with the bacteria disingdgr(L)
and by 1.65 times with the use of lactobacilli roeties (ML).

The results of the studies performed demonstra&thar high level of antimicrobial activity of the
disintegrate filtrates and the probiotic metabatiempounds against gram-negative and gram-positive
multidrug-resistant strains of microorganisms.

In the domestic pharmaceutical market, a represenitaf metabolic drug dominates, containing the
metabolic products of Escherichia coli DSM 4087ref@bcoccus faecalis DSM 4086, Lactobacillus
acidophilus DSM 4149, Lactobacillus helveticus D8M3. In research studies, the expressed antinatrob
properties of probiotic strains metabolites agajnain-negative and gram-positive microorganisme feen
established. Thus, LHG2 Lactobacillus casei bamtgrihas high antibacterial properties relativegtam-
positive pathogens, especially to Staphylococcteuauln future, it is planned to be used for improent of
the existing antimicrobial peptides aimed at cofnigaaintibiotic-resistant pathogenic microorganigifis
The AMPs LR14 Lactobacillus plantarum bacteriocas la pronounced antifungal effect up to four fungi:
Aspergillus niger, Rhizopus stolonifer, Mucor ragsusand Penicillium chrysogenum [6]. The nukacin
lantibiotic (nukacin ISK-1) demonstrates high aatiterial activity against planktonic forms of pajaos [1].
The Lactobacillus acidophiluand L. fermentum metabolites are potent antimicrobial eyegainst K.
pneumoniae biofilms [4].

We have suggested a new technology for obtainimipigiic candidates: drugs containing no
traditional nutrient media, designed for cultivatiof probiotic microorganisms: separately lactolbami in
combined with saccharomycetes in disintegrates. aghamnosus GG. The most pronounced antimicrobial
properties with respect to antibiotic-resistantdgj@vere found in metabolic compounds of L. rharaaos

In the chemist's (pharmacist’s) protocol, the disbver-the-counter medications for the symptomatic
treatment of diarrhea includes probiotics and petlof their vital functions, namely lactobaciRegarding
the particulars of the drugs application, it is wnothat “probiotics may be used against the backgtaof
antimicrobial therapy, since they include antilmagsistant strains of microorganisms” [2]. The \abo
enhances the possibilities of probiotic drugs &ed tmetabolic products practical application indimime for
scientific research purposes.

The metabolites obtained by means of our own tdobgipdue to its high antibacterial activity
against antibiotic-resistant pathogens, open thepect for further designing a new class of antiohial
agents with a wide spectrum of action.

1. The antibacterial effect of experimental fikmsamples, which manifested itself in a bactetiost
or bactericidal action against multiple drug resise strains of Corynebacterium xerosis, Klebsiella
pneumonia, Pseudomonas aeruginosa, Acinetobactemaoaii, Lelliotia amnigena (Enterobacter
amnigenus), depends on the initial concentratigratiiogenic microorganisms in the experiments.

2. Lactobacilli metabolites and the mixture of hamnosus and S. boulardii in relation to the mieltip
drug resistance strain of non-diphtheria C.xerasisynebacteria display the 100% bactericidal effect
irrespective of the test culture seeding dose.

3. All experimental samples were bactericidal toamnigena (E. amnigens), A. baumannii, P.
aeruginosamultiple drug resistance strains provided thatveeloseed yield was applied (0.5 units by the
McFarland scale, diluted 10 times). An increasth@initial seeding dose of test cultures to 1.1 oy the
McFarland scale was accompanied by the presendbeo$elected pathogens viable cells (48.0£8.32 —
68.72+7.16) % after exposure to cell-free substance

4. The antimicrobial activity of the both types afwtlites (lactobacilli and a combination of baeteri
and fungi) was manifested by the complete losh®fit. pneumonia test culture viability at a lowdirg
dose, and after the influence of the disintegrdiadceriostatic effect was observed, which wasrapemied
by the presence of living microbial pathogen caffeunting 44.37+8.22%.

5. The highest antimicrobial effect among all therhamnosus samples of the selected multiple
resistances to antibacterial drugs pathogens vigsvad with the use of metabolic lactobacilli compds.

Prospects of further research: L. rhamnosus digirstes and metabolites presented in the papereiisas/a combination of
lactobacilli and saccharomycetes metabolites pesbigh antibacterial properties in relation to grgmsitive and gram-negative
pathogens with multiple resistance to antibactedialgs, which prompts a further comprehensive saidiie authors designed cell-
free probiotic substances to permit further desigra new class of antimicrobial agents with a védectrum of action.
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