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ANTISTAPHYLOCOCCAL ACTION OF LACTO-
AND BIFIDOBACTERIA AND INTERLEUKIN-2

Antistaphylococcal action of Lactobacillus delbrueckii subsp. bulgaricus IMV B-7281, L. acidophilus IMV
B-7279 and Bifidobacterium animalis VKB as well as interleukin-2 (IL-2) has been determined on the model
of experimental staphylococcal infection in mice. It has been established that peroral administration of certain
probiotic strains of lacto- and bifidobacteria or composition L. acidophilus IMV B-7279 — L. delbrueckii subsp.
bulgaricus IMV B-7281 with IL-2 to mice favored the reducing of terms of staphylococcus persistence in the kid-
neys of experimental mice. The studied schemes are promising for treatment of patients with surgical infection.
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In recent years the rapid growth of infectious-inflammatory diseases caused by pathogenic and
opportunistic bacteria, viruses, fungi and others was marked all over the world. And as a result
there are persistent quantitative and qualitative changes in normoflora of various body cavities (dys-
biosis), the overall decrease of body defenses, immune system imbalances (hypo- or hyperactiva-
tion), possibility of secondary immunodeficiencies and autoimmune diseases which create favorable
conditions for the development of infectious and inflammatory processes caused by opportunistic
microorganisms — by human commensal microflora. Dysfunction of the immune system, in turn,
is one of the major causes of increasing aggresiveness of opportunistic commensal microorganism
with subsequent development of infectious diseases, and leads to the formation of cancer or to the
occurrence of chronic inflammatory and allergic conditions (overexcited state of the immune sys-
tem), etc.

Considering this, it is important not only to create new drugs for antimicrobial therapy, but
also to find fundamentally new approaches for treatment and prevention of diseases caused by both
pathogenic and opportunistic microorganisms. The areas, that attract more and more attention in
recent years, are creation and use of products based on various strains of probiotic microorganisms
that are capable, in addition to direct effect on pathogens, of raising defenses of macroorganism.
These drugs are called immunobiotics [1, 2, 3]. Since the immunosuppression caused by pathogenic
microorganisms affects the cytokine net, then its fast normalization requires the appropriate adjuvant
therapy consisting of probiotics and immunoregulatory cytokines, including interleukin-2 (IL-2).

Materials and Methods. Experimental studies were performed on Balb/c line mice 18-20 g
weight, obtained from the vivarium of the Institute of Molecular Biology and Genetics of NAS of
Ukraine. All studies were performed taking into account the rules of the European Convention for
the protection of vertebrate animals used for research and other scientific purposes of 18.03.1986
and the Law of Ukraine Ne 3447-1V About animals protection from cruel treatment [4].

Staphylococcosis was modeled through intraperitoneal injection of the Staphylococcus aureus
strain 8325-4 (kindly provided to us by Professor V.S. Zuyeva, N.F. Gamaleya Institute of Epidemi-
ology and Microbiology, Russian Federation) culture to mice daily, in a dose of 1 x 10° cells per ani-
mal. S. aureus strain 8325-4 had plasmid-based resistance to gentamicin, allowing it to be separated
from other strains of staphylococcus obtained from the environment through the use of selective
media containing this antibiotic. The following clinical manifestations of the infection process were
observed in the infected mice: elevation of body temperature, inactivity, and loss of appetite.

Lyophilized strains of lactobacilli — Lactobacillus acidophilus IMV B-7279, Lactobacillus del-
brueckii subsp. bulgaricus IMV B-7281 and bifidobacteria — Bifidobacterium animalis VKB and
also IL-2 (Sigma) were used. The viability of probiotic cultures was determined by monitoring their
growth on the Man-Rogosa-Sharpe (MRS) nutrient medium at 37 °C for 24-48 hours. Twenty-four
hours after the infection, mice were given an per os a suspension of lyophilized lactobacillus and/
or bifidobacteria cells in saline solution in a dose of 1 x 10° cells per animal, once a day for 7 days.
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Strains were administered individually and in the combination L. delbrueckii subsp. bulgaricus
IMV B-7281 — L. acidophilus IMV B-7279 (in equal proportions). IL-2 dose was calculated by the
method proposed by Y.R. Rybolovlev et al. [5] and tested in experimental animals with staphylococ-
cal infection. The drug was administered intraperitoneally in concentration of 1,000 IU / per animal
twice — on the 1 and 3™ days after S. aureus 8325-4 injection.

A separate group of comparison included infected mice that did not receive any probiotic cul-
tures, but instead, they were administered per os and intraperitoneally with the appropriate amount
of saline. The control group included intact animals. All experimental studies were carried out in
three repetitions.

On the 1, 3, 6 and 9" days after the start of probiotic cultures administration, kidneys were
obtained from the mice; aliquots of their homogenates were plated on elective medium for staphylo-
cocci with gentamicin to determine the number of S. aureus 8325-4 colonies in the kidneys.

All digital data obtained were processed with the help of the Microsoft Excel-2003 through the
variance analysis. Numerical data were represented as arithmetic average and standard error (M £+ m).
The null hypothesis for the control and experimental comparative groups was checked using Wil-
coxon-Mann-Whitney (U) and Kolmogorov-Smirnov nonparametric criteria. The differences be-
tween the groups were considered statistically meaningful at P < 0.05.

Results and Discussion. It was previously shown [6] that the use of lactobacilli and bifidobacte-
ria probiotic strains in mice with generalized staphylococcal infection reduced the time of S. aureus
8325-4 persistence in the kidneys of tested animals (Fig.1).

The results of our studies of lacto- and bifidobacteria probiotic strains and IL-2 effect on the
S. aureus 8325-4 persistence in the kidneys of experimental animals are shown in Fig. 1. Thus, it
was found that the investigated strains L. acidophilus IMV B-7279, L. delbrueckii subsp. bulgaricus
IMV B-7281 and B. animalis VKB (alone) and their composition L. acidophilus IMV B-7279 —
L. delbrueckii subsp. bulgaricus IMV B-7281 and/or injection of IL-2 caused a reduction of staphy-
lococcus infection in the kidneys of mice.

It should be noted that the number of gentamicin resistant S. aureus 8325-4 which was collected
from the kidneys of animals that did not receive any treatment remained at a high level during the
whole period of observation, representing: 3.18 + 0.02; 3.23 £ 0.03; 3.10 + 0.04 and 3.01 £ 0.04 1g
CFU/ml on the 2, 4, 7 and 10" days of infection, respectively.
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Fig. 1. The number of S. aureus 8325-4 colonies which were collected from renal aliquot of
infected animals after oral administration of probiotic strains
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Fig. 2. The number of S. aureus 8325-4 colonies which were collected from renal aliquot of
infected animals after oral administration of probiotic strains and IL-2

However, oral administration of all the investigated strains and composition to infected animals
helped to rapidly reduce the number of S. aureus 8325-4 colonies in the kidneys of experimental
animals from the 3" day and the next 6 days after the start of probiotic strains administration. It
should also be noted that L. delbrueckii subsp. bulgaricus IMV B-7281 and L. acidophilus IMV
B-7279 — L. delbrueckii subsp. bulgaricus IMV B-7281 composition showed the most expressive
antistaphylococcal effect.

However, double intraperitoneal injection of IL-2 contributed to a more rapid elimination of
S. aureus 8325-4 from the kidneys of experimental animals (3.17 £ 0.02 lg CFU/ml — on the 1* day;
3.11 £0.03 1g CFU/ml — on the 3" day; 2.92 + 0.04 1g CFU/ml — on the 6" day and 2.82 + 0.02 Ig
CFU/ml — on the 9" day), and the difference of those parameters in infected mice was reliable
throughout the observation period starting from the 3™ day, but did not exceed the value specified
for infected animals that received probiotic strains or their composition.

Complete application of probiotic strains and IL-2 further accelerated the elimination of the
pathogen (Fig. 2). Thus, starting from the first day the number of S. aureus 8325-4 colonies, which
were collected from renal aliquot of animals that received combined treatment using L. delbrueckii
subsp. bulgaricus IMV B-7281 or composition L. acidophilus IMV B-7279 — L. delbrueckii subsp.
bulgaricus IMV B-7281 and IL-2 was significantly lower than in animals with staphylococcal infec-
tion (2.95 4+ 0.04 and 2.96 + 0.03 against 3.18 + 0.02 g CFU/ml in the control group), and since
the 6™ day — lower than in animals with staphylococcal infection, treated only with these probiotic
strains without IL-2 (2.29 = 0.07 and 2.24 + 0.07 against 2.72 + 0.08 and 2.75 + 0.07 lg CFU/ml,
respectively).

It should also be noted that since the third day after the start of probiotic strains administration
and throughout the next observation time the difference between the staphylococcus colonies num-
ber that were collected from renal aliquot of experimental animals with staphylococcal infection and
infected animals that received probiotic strains or probiotic strains with IL-2 was accurate.

It was found that in the groups of animals which, except L. acidophilus IMV B-7279, L. del-
brueckii subsp. bulgaricus IMV B-7281 and composition L. acidophilus IMV B-7279 — L. del-
brueckii subsp. bulgaricus IMV B-7281, received injections of IL-2 as well as in infected animals
which were treated only with IL-2 on the 6 and 9" days S. aureus 8325-4 was collected from renal
aliquot in a much lesser number (2.43 + 0.06; 1.60 = 0.14; 2.29 £ 0.07; 0; 2.24 + 0.07; 1.21 £ 0.16;
2.92 +0.04 and 2.82 + 0.02 1g CFU/ml, respectively) compared with the groups of infected animals
which received only probiotic strains as a means of their condition correcting (2.77 + 0.04; 2.41 +

ISSN 0201-8462. Mikpobioa. ucypn., 2013, T. 75, Ne 6 19



0.09; 2.72 £ 0.08; 2.34 £ 0.09; 2.75 + 0.07; 2.33 + 0.06; 3.10 = 0.04 and 3.01 £+ 0.04 lg CFU/ml,
respectively), and for some groups this difference was reliable only on the 3™ day after the start of
probiotic strains administration (2.96 = 0.05 Ig CFU/ml for animals treated with B. animalis VKB
against 2.66 £+ 0.07 lg CFU/ml for animals treated with B. animalis VKB and IL-2).

Thus, we have found that probiotic strains administration to mice with staphylococcal infection
leads to its elimination from the kidneys of experimental animals. Double injection of recombinant
IL-2 combined with oral administration of probiotic strains accelerated the process. The most effec-
tive antistaphylococcal effect showed L. delbrueckii subsp. bulgaricus IMV B-7281 and B. animalis
VKB, and the composition of probiotic strains L. acidophilus IMV B-7279 — L. delbrueckii subsp.
bulgaricus IMV B-7281 in combination of their oral administration with injections of IL-2.

We have previously investigated antagonistic properties of lacto- and bifidobacteria probiotic
strains on the in vitro model. It was found that antagonistic action in relation to S. aureus 8325-4
between the studied strains was distributed as follows: L. acidophilus IMV B-7279 > B. animalis
VKB > L. delbrueckii subsp. bulgaricus IMV B-7281 > B. animalis VKL / L. casei IMV B-7280 [7].
The difference between antibacterial properties of probiotic strains in experiments in vitro and in
vivo is associated with different mechanisms of its implementation [8], since it is known that antago-
nism to pathogenic and opportunistic microorganisms in vitro is directly related to the synthesis of
biologically active substances with bactericidal and/or bacteriostatic properties — bactericins, short-
chains fatty acids (lactic, acetic, formic), lysozyme, hydrogen peroxide [9, 10, 11] whereas in vivo
antibacterial activity of lacto- and bifidobacteria probiotic strains in addition to the above factors is
indirectly related to their immunomodulatory properties [12].

In the analyzed literature the data was found about the effectiveness of recombinant IL-2 use in
complex therapy of various cancers (renal cell carcinoma, melanoma etc.), prevention and treatment
of purulent surgical pathology (wound infection, sepsis) [13, 14, 15] and local use in the nidus of
infection [16]. However, we have not found any mention about complex use of probiotics and 1L-2
for treatment of purulent-inflammatory diseases caused by gram-positive opportunistic microorgan-
isms, including staphylococci.

Conclusions

1. Probiotic strains L. acidophilus IMV B-7279, L. delbrueckii subsp. bulgaricus IMV B-7281,
B. animalis VKB and composition L. acidophilus IMV B-7279 — L. delbrueckii subsp. bulgaricus
IMYV B-7281 had antagonistic properties against staphylococcus in vivo, as evidenced by accelerating
the Staphylococcus aureus 8325-4 elimination from the kidneys of infected mice.

2. Double intraperitoneal injection of IL-2 in the complex therapy with probiotic strains
L. acidophilus IMV B-7279, L. delbrueckii subsp. bulgaricus IMV B-7281, B. animalis VKB and
L. acidophilus IMV B-7279 — L. delbrueckii subsp. bulgaricus IMV B-7281 composition accelerated
the elimination of Staphylococcus aureus 8325-4 from the kidneys of experimental animals.

3. Further study of the effect of the combined use of probiotic strains and immunoregulatory
cytokines in case of generalized staphylococcal infection in mice holds much promise.

B.B. Mokpo3yé, JI.M. Jlazapenko, JLII. baoenxo, JI1.M. lllunkapenxo,
O.M. /lemuenxo, M.A. Cnisax, B.B. Bina

Inemumym mikpobionoeii i gipyconoeii im. JI.K. 3aboromnoco HAH Yrpainu, Kuig

AHTHCTA®LIIOKOKOBA IS IAKTO- TA BI®IIOBAKTEPII
TA IHTEPTEUKIHY-2 IIPA IX CYMICHOMY 3ACTOCYBAHHI

Peszome

BusnaueHo aHTHCTa(iIOKOKOBY Hit0 Lactobacillus delbrueckii subsp. bulgaricus IMB B-7281, L. acido-
philus IMB B-7279 ta Bifidobacterium animalis VKB, a Takox intepneiikiny-2 (1J1-2) Ha Mozemni excriepuMen-
TaJbHOI cTadinokoKoBol iH(eKLil y Mumeld. BecranoneHo, 1m0 nepopaibHe BBeACHHS iH(DIKOBaHMM cTadino-
KOKOM MHILIaM OKPEMHUX MPOOIOTUYHMX IITAaMiB JakTo- Ta Oidinodakrepiit abo xkomnosuuii L. acidophilus IMB
B-7279 — L. delbrueckii subsp. bulgaricus IMB B-7281 3 1JI-2 cipusiin CKOPOYEHHIO CTPOKIB IEPCHCTEHIIIT
cTapiIOKOKY B HUPKaxX MiJUIOCIIIHUX MUIIEH. JloC/i/KeH] CXeMHU € TIepCIEKTHBHUMHE JUIS JIIKyBaHHS XBOPHX
Ha Xipypriyay iHQeKIio.

KnwouoBi cuxoBa: Lactobacillus, Bifidobacteria, cradinokokoBa iHpeEKILis, iHTepIeHKiH-2
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Hucmumym muxpoouonoeuu u eupyconozuu um. /I.K. 3aboromnoco HAH Yxpaunel, Kues

AHTHUCTA®WJIOKOKKOBOE JIEUCTBUE JIAKTO- U BUGHUTOBAKTEPUI
M MHTEPIEMKAHA-2 TIPU UX COBMECTHOM U CITIOJIb30OBAHUU

Pesome

HccnenoBana aHTUCTa()UIIOKOKKOBas aKTUBHOCTB Lactobacillus delbrueckii subsp. bulgaricus IMB B-7281,
L. acidophilus IMB B-7279 u Bifidobacterium animalis VKB, a taxxe untepaeiikuna-2 (UJI-2) Ha momenn
9KCIIEPUMEHTAIBHOM CTaMIOKOKKOBOM MH(EKIMK y MbIIIeil. YCTaHOBJICHO, YTO BBEACHHE HH(OUIIMPOBAHHBIM
MBILIAM OT/CIBHBIX TPOOHOTHICCKHX IITAMMOB JIAKTO- ¥ OudurodakTepuii niu ux komnosuuuu L. acidophilus
IMB B-7279 — L. delbrueckii subsp. bulgaricus IMB B-7281 ¢ 1JI-2 crocoGCTBOBAIO COKPAIICHUIO CPOKOB
HIePCUCTEHINH CTa(HIOKOKKA B IOUKAX SKCIIEPUMEHTAIBHBIX MBIIIEH. VccieoBaHHbIe CXeMBI SBISIOTCS Hepe-
MEKTUBHBIMHU IS JICYCHHS OOJIBHBIX C XHPYPrUYECKON HH(EKIHCH.

KnrwwueBsie cioBa: Lactobacillus, Bifidobacteria, crahunokokkoBas HHGEKINS, HHTEPICHKUH-2.

Anpec aBTopa: Mokpo3yo B.B., UnctutyT Mukpobuonoruu u Bupycosorun um. J[.K. 3a6onoraoro
HAH VYkpaunnsi,; Kues, I'CII, 103680, yin. Akan. 3ad6onotHoro 154, Ykpausa.
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