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THE INFLUENCE OF BIFIDOBACTERIUM ANIMALIS
AND LECTIN OF B. SUBTILIS IMV B-7724

ON THE ANTITUMOR IMMUNE RESPONSE

OF MICE WITH EHRLICH ADENOCARCINOMA

Aim. To investigate the effect of bacteria of the genus Bifidobacterium and the extracellular metabolite of B. subtilis
IMV B-7724 on the antitumor immune response of mice with a model tumor. Materials and Methods. The study was
conducted on Balb/c mice with transplanted solid Ehrlich adenocarcinoma (ACE). Starting from the 2nd day after
the transplantation of tumor cells, the animals of the experimental groups were treated with lectin of B. subtilis IMV
B-7724 (s/c, 1 mg/kg of weight), Bifidobacterium animalis (per os, 7 x 10> CFU/mouse) or their combination. The im-
munological studies were performed on the 21st and 28th days of tumor growth. The functional activity of natural killer
cells (NK), cytotoxic T-lymphocytes (CTL), as well as the ability of lymphocytes from the peripheral lymph nodes (PLN)
to transform into blast cells under the influence of T- (Con A) and B-cell (LPS) mitogens were determined. Results.
Administration of probiotic components to the mice with ACE led to the activation of innate immune responses, that is,
to a significant increase in the cytotoxic activity of NK, especially in the case of their combined use. The NK cytotoxicity
index was higher than that in the non-treated ACE-bearing mice and the intact control by 3.7 and 2.1 times, respectively
(p < 0.05). Similarly, the highest specific cytotoxic activity of spleen lymphocytes was observed upon the combined use
of the microbial preparations: the CTL cytotoxicity index was nearly 2.5-fold higher than in the non-treated ACE-bear-
ing mice. The data on the ability of PLN lymphocytes to transform into blast cells under the influence of Con A and LPS
indicated the preservation of the functional activity of lymphocytes in the animals of the experimental groups during
ACE growth. Conclusion. Both B. animalis and lectin of B. subtilis IMV B-7724 have a significant influence on the ef-
fectors of the natural and adaptive immunity of mice with ACE. Their combined use was found to be the most effective.

Keywords: Ehrlich adenocarcinoma, lectin of B. subtilis IMV B-7724, Bifidobacterium animalis, antitumor resistance.

In recent years, more and more data on the role | athophysiological conditions, including cancer
of endogenous human microflora in maintaining | [1—3], have been published. The positive effect
homeostasis and the formation of a number of | of microbiota on the human body is due to the
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formation of useful microbial products (enzymes,
vitamins, etc.) and the metabolism of the sub-
stances that prevent or slow down the growth of
pathogens. The interaction of microbiota with
stromal and epithelial cells of the intestine is
a necessary component for launching a number
of the key regulatory functions such as control of
the overgrowth of pathogens, regulation of me-
tabolism, strengthening of the barrier function of
the mucous membrane, and maintenance of im-
mune homeostasis. However, the human micro-
biota is constantly changing under the influence
of various internal and external factors. Any sig-
nificant change in the quantitative and qualitative
composition of the intestinal microbiota can lead
to serious consequences including the develop-
ment of diseases, such as irritable bowel syn-
drome, celiac disease, diabetes, obesity, neurolo-
gical disorders, and cancer. To date, the role of
bacteria in the occurrence of cancer of the oral
cavity, esophagus, stomach, pancreas, liver, colon,
and rectum has been demonstrated [4]. An im-
balance of intestinal microbiota can not only con-
tribute to the development of many local and sys-
temic diseases but also affect the outcome of their
treatment [2—4].

Endogenous microflora is also involved in the
carcinogenesis of the mammary gland, which has
its unique microbiota closely related to the phy-
siological properties of this organ. The reports on
the differences in the microbial composition be-
tween normal and malignantly transformed tis-
sues, as well as between benign and malignant
breast tumors, support the importance of the mi-
crobiota in tumor progression. In the course of
the malignant growth, the representatives of the
intestinal microbiota are also involved in a num-
ber of metabolic transformations, which signifi-
cantly affect the physiological and pathological
processes in the mammary gland, in particular,
the metabolism of estrogens, bile acids, and short-
chain fatty acids. The mechanisms of the influence
of intestinal microbiota on the occurrence and
progression of breast cancer include the direct ef-
fect of bacterial metabolites on tumor cells and
their microenvironment, as well as the modula-
tion of the activity of the immune and endocrine
systems [5, 6].

The composition of the intestinal microbiota can
be adjusted using probiotics, prebiotics, and syn-
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biotics. Modulation of the intestinal microflora
with the help of probiotics can prevent the develop-
ment and progression of cancer, and can also be
useful to support its effective treatment [7]. Intes-
tinal probiotics affect the state of the host’s immune
system through the interaction with the lymphoid
tissues of the intestinal lining, regulating both in-
nate and adaptive immunity [8, 9]. Probiotics with
protective and anticarcinogenic properties that
can enhance the effectiveness of anticancer the-
rapy include, in particular, the representatives of
the genus Bifidobacterium. Bifidobacteria have nu-
merous therapeutic properties (antioxidant, pro-
apoptotic, and antiproliferative), which may de-
termine the antitumor effect. These microorgan-
isms regulate intestinal homeostasis using such
mechanisms as strengthening the barrier function
of the mucous membrane, inhibiting the growth
and adhesion of pathogens, regulating the activity
of immune cells, and modulating the immune sys-
tem [10, 11]. Although the positive properties of
Bifidobacterium spp. are well known, their role
in cancer is still controversial, and the specific
mechanism by which these bacteria stimulate the
antitumor immune response has not yet been well
understood.

Anticarcinogenic properties are also demon-
strated by other saprophytic microorganisms —
bacteria of the genus Bacillus. These bacteria are
characterized by the production of metabolites, in
particular exogenous lectins, which exert cytotoxic
activity against tumor cells or immunomodulatory
activity [12—14].

The relationship between the effect of bifidobac-
teria on the body and the action of immunotherapy
agents is considered an important factor affecting
the therapeutic effectiveness of the preparations.
However, information on the role of bifidobacteria
in carcinogenesis and their effectiveness in the
treatment of patients with cancer of different types
is contradictory. The question of the possibility of
strengthening the anti-carcinogenic/immunomod-
ulatory effect through the simultaneous use of dif-
ferent types of bacteria (or their metabolites) is also
insufficiently studied. Therefore, the aim of this
work was to investigate the effect of bacteria Bifi-
dobacterium animalis and the extracellular meta-
bolite of Bacillus subtilis IMV B-7724 on the anti-
tumor immune response in mice with experimen-
tal tumors.
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Materials and Methods

Animals and tumor strain. The study was carried out
on female Balb/c mice (2—2.5 months old, wei-
ghting 22—25 g) raised in the vivarium of R.E. Ka-
vetsky Institute of Experimental Pathology, Oncol-
ogy and Radiobiology (IEPOR NASU). The use and
care of experimental animals have been performed
in accordance with standard international rules on
biological ethics and the European Convention for
the Protection of Vertebrate Animals Used for Ex-
perimental and Other Scientific Purposes [15] and
were approved by the Institute Animal Care and
Use Committee.

A solid variant of Ehrlich adenocarcinoma
(ACE) was used as a model of tumor growth. Eh-
rlich tumor is a spontaneous adenocarcinoma of
the murine mammary gland and is widely used as
a syngeneic model of human breast cancer [16].
Cancer cells were kindly granted by the Bank of
Cell Lines from Human and Animal Tissues,
IEPOR NASU. Tumor cells were injected intramus-
cularly into the hind limb (5 x 10° cells/mouse).

Bacterial lectin was isolated from the cultural flu-
id of B. subtilis IMV B-7724 and stored as a powder
at —20 °C. This lectin is resistant to pH changes in
the environment and has high thermal stability and
good solubility in water and buffer solutions (in
particular, in physiological solution) [17]. Bacte-
rial lectin was subcutaneously administered to tu-
mor-bearing mice at a dose of 1 mg/kg body weight.

In the experiment, lyophilized cells of B. anima-
lis subsp. lactis BB-12 (Lek Pharmaceuticals, Lju-
bljana, Slovenia) were used as a probiotic. B. ani-
malis cells were administered per os to the tumor-
bearing mice (7 x 10> CFU/mouse per injection).

The scheme of the experiment. Animals were di-
vided into 5 groups: IC — intact control (n = 8);
ACE — control of tumor growth, tumor-bearing
mice that were injected with 0.9% NaCl solution
(n = 8); Lectin — tumor-bearing mice that were
injected with lectin of B. subtilis IMV B-7724
(n = 8); B. animalis — tumor-bearing mice that
were administered with Bifidobacterium (n = 8);
Lectin + B. animalis — tumor-bearing mice that
were administered with both bacterial lectin and
B. animalis (n = 8).

The immunological testing was performed on
days 21 and 28 after tumor grafting. The indicators
of weight and cellularity of immunocompetent or-
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gans, cytotoxic activity of spleen lymphocytes (na-
tural killer cells (NK) and cytotoxic lymphocytes
(CTL)), and ability of lymphocytes of peripheral
lymph nodes (PLN) to respond to mitogenic stim-
uli were determined.

Lymphocytes were isolated by standard me-
thods. The mononuclear cells were placed on a Fi-
coll-verografin gradient (p = 1.077 kg/m?) and cen-
trifuged (550 g, 30 min). After two consecutive
washings (medium 199, 550 g for 10 min), lympho-
cytes were resuspended in RPMI-1640 medium
with 10% of bovine serum (FBS) (all reagents from
Sigma, USA).

The indexes of weight and cellularity of immuno-
competent organs were determined by the standard
method of supravital staining with trypan blue [18].

Cytotoxic activity (CTA) assay. CTA was deter-
mined by MTT-assay [19]. ACE cells were used as
a target for CTL; K562 cells were used as a target
for NK. In brief, the target cells (2 x 10* cells/well)
in RPMI medium supplemented with 10% FBS and
antibiotics, were placed in flat-bottom 96-well
plates, where lymphocytes (1 x 10° cells/well) had
been adhered beforehand, and incubated for 18 h
in a 100% humidity atmosphere with 5% CO, at
37 °C. Control wells contained target cells or effec-
tor cells only. Then 0.01 mL of MTT solution/well
(5 mg/mL, Sigma, USA) was added, and incubation
continued for 2 h. Then the plates were centrifuged
(550 g for 15 min) and washed twice with 0.9%
NaCl solution. After that, 0.12 mL of 2 M KOH and
0.14 mL of dimethyl sulfoxide (50% solution) were
added into each well. Optical density was measured
at A = 545 nm vs. A = 630 nm using a microplate
ELISA reader (StatFax-2100, USA). Each sample
was done in triplicate. Cytotoxic activity index
(CTAI, %) was calculated by the formula:

CTAI = [1_ (ODeffectoHtc - ODeffector)/
/(ODtC - ODblank)] X 100%,

where OD ..., — optical density of wells in which
only effector cells were incubated; OD,. — optical
density of wells in which only tumor cells were in-
cubated; OD gociorstc — Optical density of wells in
which tumor cells and effector cells were incubated;
ODyjank — optical density of wells with the culture
medium only.

Lymphocyte blast transformation assay was car-
ried out as described in [20]. Lymphocytes were
obtained from aseptically removed lymph nodes by
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Fig. 1. Effect of B. animalis and lectin of B. subtilis IMV B-7724 on the weight and cellularity of immunocompetent or-
gans of mice on the 21st (a) and 28th (b) days of Ehrlich adenocarcinoma growth. The parameters are given as percent-
ages of the indicators of the ACE group, the levels of which are taken as 100%

homogenizing in a Potter homogenizer. Aliquots of
lymphocytes (2 x 10° cells/mL) in RPMI-1640 me-
dium supplemented with 10% FBS and 100 ug/mL
gentamicin were transferred to flat-bottom plates
(200 pL/well) and stimulated by 10 pug/well of con-
canavalin A (ConA, Sigma, USA) or 15 pL/well li-
popolysaccharide (LPS, Sigma, USA) or left with-
out stimulation (spontaneous reaction). The plates
were incubated for 2 days at 37 °C in a 5% CO,
atmosphere. The reaction was evaluated as de-
scribed above.

Stimulation index, % (SI, %) was calculated by
the formula:

SI = (OD oD x 100%,

mitogen / spontaneous)

where OD,ioqe, — Optical density of wells in which
lymphocytes and mitogen were incubated; ODy,q,,.

— optical density of wells with only lympho-

taneous

cytes.

Statistical analysis. Statistical significance was
evaluated by the nonparametric Mann — Whitney
U-test, and correlation analysis was conducted ac-
cording to Spearman’s correlation using Prism
software Version 8.0. Statistical significance be-
tween examined groups was assessed as p < 0.05.

Results and Discussion

In our previous study [21], we have shown that ad-
ministration of lectin of B. subtilis IMV B-7724 to
animals with ACE, alone and in combination with
B. animalis, resulted in significant inhibition of tu-
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mor growth (>50%) and an increase in the lifespan
of mice with tumors (>50%). The use of B. animalis
separately did not exert a pronounced effect.

The next stage of the study included an assess-
ment of the effect of these microbial agents on the
main innate and adaptive antitumor immune re-
sponses. Determining the indicators of weight and
cellularity of the immunocompetent organs made
it possible to assess both the presence of immuno-
toxic effects of the treatment and the development
or suppression of the immune response. Thus, in
untreated mice on the 28th day of ACE growth, we
observed a significant decrease in the relative
weight of the thymus and peripheral lymph nodes
(PLN) compared to the indicators of intact animals
(0.52 £ 0.08 vs. 1.86 £ 0.27 x 1073 0.49 + 0.07 vs.
1.23 £ 0.06 x 1073, respectively) (p < 0.05). A statis-
tically significant decrease in the relative cellularity
of the spleen (by 6.6 times, p < 0.05), thymus
(by 2.7 times, p < 0.05), PLN (by 2.3 times,
p < 0.05), as well as the number of living cells in
these organs were recorded. Therefore, the growth
of the tumor was accompanied by the involution of
the thymus and a decrease in the number of viable
lymphocytes in the PLN.

Fig. 1 shows the results of the analysis of the
changes in the weight and cellularity of immuno-
competent organs after administration of the lectin,
B. animalis, or their combination to mice with
ACE. The parameters are given as percentages of
the indicators of the ACE group, the levels of which
are taken as 100%. On the next day after the treat-
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Fig. 2. Effect of administration of B. animalis and lectin of B. subtilis IMV B-7724 on the cytotoxic activity of NK cells
of mice on the 21st (a) and 28th (b) days of Ehrlich adenocarcinoma growth. *p < 0.05 compared to the indicator
of the intact control; **p < 0.05 compared to the indicator of the ACE group
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Fig. 3. Effect of administration of B. animalis and lectin of B. subtilis IMV B-7724 on the cytotoxic activity of CTL
on the 21st (a) and 28th (b) days of Ehrlich adenocarcinoma growth. *p < 0.05 compared to the intact control; **p < 0.05
compared to the ACE group

cells in the spleen and thymus was noted in re-
sponse to the lectin administration (Fig. 1, a).
However, on the 7th day from the end of the treat-
ment course (the 28th day of ACE growth), the

ment course (the 21st day of tumor growth), almost
all studied parameters did not significantly differ
from the ones of the untreated animals with tu-
mors. Just an increase (p < 0.05) in the number of
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Fig. 4. Effect of administration of B. animalis and lectin of B. subtilis IMV B-7724 on the ability of PLN lymphocytes
to transform into blast cells under the influence of T-cell (a) and B-cell (b) mitogens. *p < 0.05 compared to the intact

control; **p < 0.05 compared to the ACE group

weight and cellularity of the immunocompetent or-
gans in animals of all experimental groups reached
the level of intact mice and significantly exceeded
the indicators of control mice with ACE. Such
changes were most pronounced under the condi-
tion of using the lectin, both separately and in com-
bination with B. animalis (Fig. 1, b). The detected
changes indicated the absence of immunotoxicity
of the applied agents, as well as the active prolifera-
tion of lymphocytes and the possible activation of
the immune response under the influence of bifi-
dobacteria and lectin.

The results of the assessment of the functional
activity of the effectors of innate immune responses
(NK) and specific adaptive immune responses
(CTL) testify to the activation of the immune re-
sponse in mice with ACE after the course of admin-
istration of B. animalis and/or the lectin.

As seen in Fig. 2, tumor growth was accompa-
nied by a gradual suppression of the cytotoxic ac-
tivity of NK cells in mice of the ACE group: on the
21st day, the STAI was 13.8 + 4.3%, on the 28th
day — 10.9 £ 4.9% against 19.2 + 3.9% in the intact
control. Administration of B. animalis and/or the
lectin resulted in the preservation of NK cytotoxic
activity at the level of intact animals on the 21st day
of ACE growth (Fig. 2, a). Subsequently, on the 7th
day after the end of the treatment course (the 28th
day of tumor growth), the cytotoxic activity of NK
significantly increased compared to the indicators
of both the ACE control group and intact mice
(p < 0.05) (Fig. 2, b). The most pronounced effect
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was observed under the combined use of B. anima-
lis and the lectin: in animals of this group, STAI was
40.8 + 5.6%, while in the ACE group 10.9 + 4.9%,
and in intact control 19.2 + 3.9%.

Similar results were obtained in the study of the
specific cytotoxic activity of spleen lymphocytes. As
shown in Fig. 3, on the 21st day of tumor growth,
no significant difference was observed between the
indicators of cytotoxic activity of CTL in animals
of the experimental and control groups (Fig. 3, a).
On the 28th day of ACE growth, we observed a sig-
nificant suppression (p < 0.05) of CTL activity in
untreated mice with tumors compared to intact
controls (STAI was 17.3 + 3.5 and 36.6 + 2.3%, re-
spectively). Under the use of B. animalis and the
lectin, alone or in combination, CTL activity re-
mained at the level of the intact control and was
significantly higher than that of animals of the ACE
group. As for NK, the greatest activity of CTL
(p < 0.05 compared to ACE) was observed in the
case of the combined use of these agents (Fig. 3, b).
That is, the investigated microbial products con-
tributed to the preservation of a specific immune
response in animals with ACE even at the terminal
stage of the tumor development.

The preservation of the functional activity of
lymphocytes in the animals of the experimental
groups throughout the observation period was evi-
denced by the results of the evaluation of the abil-
ity of PLN lymphocytes to transform into blast cells
under the influence of T-cell (Con A) and B-cell
(LPS) mitogens. An activation of blast transforma-
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tion of T-lymphocytes in response to Con A was
observed in groups of animals treated with the lec-
tin both alone and in combination with B. animalis
(Fig. 4, a). Moreover, in the latter case, this effect
was maximally expressed: the T-lymphocyte stimu-
lation index in mice of this group exceeded that of
the ACE group by 6.4 times and that of the intact
control group by 3.2 times (in both cases, p < 0.05).
The use of both microbial preparations also led to
an increase in the response of lymphocytes to LPS
(Fig. 4, b). The indicators of blast transformation of
B-lymphocytes under the influence of LPS in ani-
mals of all experimental groups were at the level of
the intact control and significantly exceeded those
in the untreated ACE group.

The results of evaluating the parameters of the
functional activity of lymphocytes of PLN and the
spleen in mice with ACE demonstrate the influence
of both B. animalis and the extracellular lectin of B.
subtilis IMV B-7724 on the effector cells of natural
(NK cells) and adaptive (T-lymphocytes) immuni-
ty. Their combined use was found to be the most
effective. Analyzing our findings and the literature
data, one can assume that the activation of NK cells
is largely due to the action of the lectin while bifi-
dobacteria play a significant role in increasing the
cytotoxic activity of CTL.

The mechanisms of antitumor activity of lectins
are related to both direct cytotoxic effect on tumor
cells and the indirect effect due to the modulation of
immune reactions. In our previous studies on two
experimental tumor models (ACE and Lewis lung
carcinoma), we have shown that the use of lectin of
B. subtilis IMV B-7724 as a means of immunothera-
py promotes the activation of all the main effectors
of antitumor immunity, namely, macrophages, NK,
and CTL. The expression of the changes in the acti-
vity of these cells was correlated with such charac-
teristics of the tumor development as the growth rate
of the primary tumor, the dynamics of metastasis,
and the life expectancy of animals with tumors.
However, we have noted that the most pronounced
effect of the lectin on the effectors of non-specific
immunity (macrophages and NK cells), the effect on
CTL activity, that is, on the specific immune re-
sponse, is much less pronounced [14, 21].
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According to the literature, representatives of
various strains of Bifidobacterium administered
orally are able to modify the immune response
due to the activation of various types of immune
cells such as dendritic, NK, and CD8* and CD4*
T-lymphocytes. However, the largest number of
data evidences the ability of bifidobacteria to en-
hance the antigen-presenting properties of den-
dritic cells and, accordingly, to cause the activa-
tion of specific immune responses. The use of Bi-
fidobacterium spp. includes the following aspects
of immunoregulatory mechanisms: in the im-
mune microenvironment of the tumor, bifidobac-
teria contribute to dendritic cell-dependent dif-
ferentiation of CD4* helper T-lymphocytes of
type I (Th1); the activation of macrophages leads
to the stimulation of IL-12 production and further
enhancement of the recruitment of tumor-specific
CTL antigens; due to the spectrum of produced
Th1 cytokines, the activity of antigen-specific
CD8* T-lymphocytes increases; an immune re-
sponse is induced against microbial antigens that
can cross-react with tumor-associated antigens
[23—26]. That is, the activating effect of bifido-
bacteria is mostly aimed at the reactions of spe-
cific immunity.

In conclusion, our results evidence that the use
of probiotics and microbial metabolites (in partic-
ular, lectins) can effectively prevent the suppression
of the functional activity of effectors of antitumor
immunity, which occurs against the background of
tumor growth. The mechanisms of microbial mod-
ulation of antitumor immunity reactions and the
determination of the influence of various represen-
tatives of the endogenous microflora on the im-
mune system require further research.
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BIUIVIB BIFIDOBACTERIUM ANIMALIS TA JIEKTUHY B. SUBTILIS IMB B-7724
HA TIPOTUITY XJIMHHY IMYHHY BIATIOBIIb MUIIEN 3 ATTEHOKAPIIMHOMOTO EPJIIXA

Mema. Tocnigutu Brmus 6Gaxrepiit poxy Bifidobacterium ta nosaxmiturnoro merabomity B. subtilis IMB B-7724
Ha NPOTUIIYXJIMHHY iMYHHY BifIIOBifjb MMIIell 3 MOJENbHMM IYXJIMHHUM IpouiecoM. Martepianu T1a MeTOomu.
JocnimxeHHs poBefeHo Ha mummax jinii Balb/c; B sKocTi excrnepyMeHTanbHOI MOJETBHOL IIYX/INHY BUKOPUCTAHO
conipny anenokapuyuaomy Eprixa (AKE). [Tounnatoun 3 2-1 506w mic/ist TpaHCIUIaHTALil NYXINHHNX KIITHH TBapyHAM
ZOCTIIHUX TPy, BBOAMUN eKTUH B. subtilis IMB B-7724 (ui/uw, o 1 mr/kr macu), Bifidobacterium animalis (per os,
no7x10° KYO/mumry) abo ix kom6inaniro. IMyHomoriuHi foCTimKeHHA TpoBOANIN Ha 21— Ta 28 061 pOCTY Ny X/IMHMA.
Busnavanu napamerpu QyHkuioHanbHol aktuBHOCTI npupopnux Kinepis (ITIKK), muroroxcumunux T-mimdornuris
(LITJI), a Takox 3matHicTh miM¢onutie nepudeprnanux nivMparndHnx BysIiB TpaHcHOpPMYBaTUCh y OIACTHI KTiTH-
HM 1if BImBoM T- Ta B-xritnunux mitorenis. Pesynrbraru. Beegents npobiotnannx kommnoHeHTiB Muinam 3 AKE
HIPUBOAWIO O aKTuBalii HecrenngidHOi IMyHHOI BifIIOBifi, 30KpeMa O CYyTTEBOrO 30IIbIIEHHS LMTOTOKCUYHOL
axtuBHoCcTi ITKK, 0cobmmBo 3a ymoBM KOMOIHOBAaHOTO 3acTocyBaHHs B. animalis Ta nextuny B. subtilis: ingexc
nurorokcnyHocti ITKK nepesumysas mokasumky rpymu AKE B 3,7 pasu (p < 0,05), iHTAaKTHOTO KOHTPOTIO —
B 2,1 pasu (p < 0,05). AHajIOriuHi pe3yabTaTy OTPUMAHO P FOCIKeHH] crienngiyHOl LUTOTOKCUYHOI aKTUBHOCTI
nMiMOLUTIB cene3iHKM: Py KOMOIHOBAaHOMY 3aCTOCYBaHHI MiKpoOHuX mpemaparis aktusHicTs LITJI y 2,5 pasu
nepesuiysana nokasuuk rpymu AKE. Pesympratu oninkm sgarHocti nmimpountis nepudepnynux mimparnaHmnx
By3/iB TpaHchOpMYyBaTUCh y OmacTHi KIiTMHU mif BIvmmBoM MitoreniB Con A rta LPS cBiguath mpo 36epexeHH:A
¢byHKIiOHATBHOT aKTUBHOCTI TiM(OLUTIB Y TBAPKH JOCTIFHNUX TPYII IPOTAroM Bcboro Tepminy pocty AKE. BucHoBok.
Pesynmpraryt [JOCTIIKEHHs IIPOEMOHCTPYBA/IM HAsIBHICTD BIUIMBY B. animalis ta nextuny B. subtilis IMB B-7724
Ha eheKTOpY IPUPOJHOTO Ta afanTUBHOrO iMyHiteTy Muiueit 3 AKE. Hait6inbin eexTHBHIUM BUSBUIOCH KOMOIHOBaA-
He 3aCTOCYBaHHsA LMX IIPeaparis.

KmouoBi coBa: ageHokapiyaoMa Eprixa, nextun B. subtilis IMB B-7724, Bifidobacterium animalis, mpoTUnyxianHHa
PE3VICTEHTHICTD.
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