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Probiotic strains of lactobacilli and bifidobacteria alter
pro- and anti-inflammatory cytokines production in rats
with monosodium glutamate-induced obesity

T.M. Falalyeyeval, L.V. Leschenko!, T.V. Beregoval, L.M. Lazarenko!?, 0.M. Savchuk!,
L.M. Sichel?, O.I. Tsyryuk!, T.B. Vovk !, M.Ya. Spivak??

!Taras Shevchenko National University of Kyiv, Kyiv, Ukraine;

’D.K. Zabolotny Institute of Microbiology and Virology, National Academy of Sciences of Ukraine,
Kyiv, Ukraine;

3LCL «Diaprof», Kyiv, Ukraine, e-mail: LazarenkoLM@yandex.ua

The aim of this study was to investigate the effect of probiotic strains of Lactobacillus casei IMV B-7280,
Bifidobacterium animalis VKL, B. animalis VKB on the pro- and anti-inflammatory cytokines production
in Wistar male rats with monosodium glutamate (MSG)-induced obesity. It was established that neonatal
administration of MSG to rats leads to increasing levels of the interleukin (IL)-15 and IL-12, and to
decreasing of the IL-4, IL-10 and tumor growth factor (TGF)-f3 levels in the blood serum. After administration
of the B. animalis VKL - B. animalis VKB - L. casei IMV B-7280 composition to obese rats the level of the
IL-1p in blood serum wasn t differ from that in the obese rats, that didn t receive of the probiotic bacteria.
But there was no statistically significant difference comparing with intact rats. The level of the IL-12B p40
in blood serum was decreased under influence of the B. animalis VKL - B. animalis VKB - L. casei IMV
B-7280 composition (18.9 %, p < 0.05) and B. animalis VKL (10.5 %, p < 0.05) compared with obese rats,
not receiving probiotic bacteria, but remained higher than in intact animals. After administration to obese
rats of the B. animalis VKL - B. animalis VKB - L. casei IMV B-7280 composition the levels of the IL-4, IL-
10 and TGF- p increased in blood serum comparing with obese rats, not receiving probiotic bacteria. The
level of the IL-10 also increased under influence of the B. animalis VKB, and IL-4 — under influence of the
L. casei IMV B-7280. Our results suggest that these probiotic bacteria and probiotic composition are able
to down-regulation the inflammation in rats with MSG-induced obesity but the strongest anti-inflammatory
effects have probiotic composition. The ability of lactobacilli and bifidobacteria to alter the pro- and anti-
inflammatory cytokines production, opens perspectives to create new treatments for obesity and metabolic
syndrome based on probiotics.
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INTRODUCTION

World Health Organization considers obesity as
a global epidemic today. The onset of obesity
is a complex process that involves genetic and
environmental factors. It is often associated
with metabolic syndromes (hyperglycemia,
hypertriglyceridemia, dyslipidemia and hyper-
tension) and development of several chronic
complications such as cardiovascular diseases,
type II diabetes, premature death, diseases of
musculoskeletal system, hepatobiliary disease,
and various tumor sites, including lung cancer,

breast cancer, uterine and ovarian cancer etc.
[1,2].

Obesity is a pathological state in neuroim-
munomodulation. Thus, in the case of obesity,
we can observe both systemic and vascular
chronic low-grade inflammation in fat tissue,
liver, and intestines, which is accompanied with
the production of pro-inflammatory cytokines
and other inflammatory markers in response to
changes in metabolic homeostasis associated
with metabolic overload of cell nutrients [3].
Additionally, monosodium glutamate (MSG)
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induses the dysfunction of specific hypothala-
mic neurons and the activation of hypothalamic-
pituitary-adrenal axis that lead to violating of
anorexigenic and thermogenic signals generated
by such hormones as leptin and insulin, as well
as rising of the corticosterone levels [4, 5]. This,
in turn, may lead to abnormal regulation of body
weight and obesity [4], that can also enhance
the expression of inflammatory cytokines [6].

In the case of obesity, adipocytes secrete
less amount of anti-inflammatory adiponectin.
And we observed the increased expression of
genes encoding cytokines, chemokines, and
other inflammatory mediators through the
activation of transcription factors (nuclear factor
kB (NF-kB), protein activator-1 (AP-1), signal
transducer and activator of transcription 3 (STAT
3), and others) [7, 8]. Under such conditions,
the pro-inflammatory tumor necrosis factor-a
(TNFa), interleukine-6 (IL-6), macrophage
chemoattractants (MCP-1 and NAMPT), and
leptin are produced to induce the pro-inflam-
matory response of immune cells. The immune
cells (macrophages, neutrophils, and T-lym-
phocytes) secrete cytokines (TNFa, IL-1p, IL-6,
and interferon-y) in fat tissue. This can alter lipid
storing in adipocytes, lipolysis, insulin response,
glucose metabolism and adipokine production,
and lead to ectopic fat deposition and systemic
inflammation. Leptin plays a role in the activa-
tion of the immune system in obesity, therefore,
may be one of the mediators, responsible for the
low-grade systemic inflammation. It should be
noted that leptin stimulates CD4" T-lymphocytes
to produce the interferon-y, which induces the
adipocyte MHC II expression [2, 9]. However,
some anti-inflammatory cytokines such as IL-10
and receptor antagonist IL-1 (IL-1RA) decrease
[10].

Most studies established the imbalance of
gut microbiota both in humans and in mice with
obesity [11]. In the case of obesity the increased
Firmicutes: Bacteroidetes ratio was found, and
increased intestinal permeability was observed.
After translocation of gut bacteria to other or-
gans such as liver or adipose tissue, the bacterial
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lipopolysaccharides (LPS) in the bloodstream
and organs activate pro-inflammatory cytokines
production through activation of the Toll-like
receptor 4 [2].

Increasing of the pro-inflammatory cyto-
kines production together with rising of the
corticosterone level in case of obesity is
associated with obesity-related complications
such as insulin resistance, hyperlipidemia,
atherosclerosis [12, 13]. Therefore, the influence
on the pro-inflammatory cytokine production
is an important strategy for the integrated
personalized treatment of patients with obesity.

Certain probiotic bacteria were recently
tested for their ability to affect obesity and
metabolic syndrome. It was shown that probiotic
strains are able to improve some biomarkers
of obesity, including an imbalance in gut
microbiota, hyperlipidemia, hyperglycemia,
oxidative stress and inflammation. The use of
probiotics is justified by the fact that in the
case of obesity, the number of Lactobacilli
and Bifidobacteria in the intestines reduces
dramatically and gut microbiota have an
important role in the regulation of the energy
homeostasis and fat storing. In the same
time, such altered gut microbial ecosystems
are associated with increased prevalence of
metabolic and immune disorders in animals
and humans [14, 2, 11]. These results suggest
the potential using of probiotics in order to
alleviate the occurrence of metabolic diseases
by less radical approach comparing with
drugs or hormone therapy. We showed that
preliminary selected and characterized probiotic
strains of Lactobacillus casei IMV B-7280,
Bifidobacterium animalis VKL, B. animalis
VKB and their various compositions have high
ability to balance immune response to infectious
diseases [15] and are able to effectively prevent
MSG-obesity in rats [16].

Thus, the aim of this study was to investigate
the influence of probiotic strains of L. casei
IMV B-7280, B. animalis VKL, B. animalis
VKB (separately) and the B. animalis VKL
- B. animalis VKB - L. casei IMV B-7280
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composition on the pro- and anti-inflammatory
cytokines production in rats with MSG-induced
obesity.

METHODS

In our experiment, we used newborn rats
(Wistar) (n = 60). We administered monosodium
glutamate (MSG) to the animals in a dose of 4
mg/g of body weight subcutaneously on the 29,
4th 6th gth and 10t day of life. Within 4 months
after birth, rats with visceral obesity were on a
standard diet.

In our study we used probiotic strains of
L. casei IMV B-7280, B. animalis VKL and
B. animalis VKB that were previously isolated
from the intestines of healthy people and the
B. animalis VKL - B. animalis VKB - L. casei
IMV B-7280 (1:1:2) composition. L. casei
IMV B-7280 is stored at the Depositary of the
microorganisms at the Zabolotny Institute of
Microbiology and Virology of the National
Academy of Sciences of Ukraine.

Administration of probiotic strains in a dose
of 5 x 10° CFU/kg (50 mg/kg) intragastrically
(i.g.) into obese rats was started at the age
of 4 weeks just after weaning and lasted 3
months, wherein 2 weeks of introduction were
alternated with 2-week break. The experiment
lasted 4 months. Rats were split into 6 groups
of 10 animals. Wistar rats were split into 6
experimental groups (10 rats in each): 1) intact
rats (control), 2) rats which received MSG (the
MSG-group), 3) rats which received the B.
animalis VKL - B. animalis VKB - L. casei IMV
B-7280 (1:1:2) composition (the MSG-group +
probiotic composition), 4) rats which received
MSG and B. animalis VKL (the MSG-group + B.
animalis VKL), 5) rats which received MSG and
B. animalis VKB (the MSG-group + B. animalis
VKB), and 6) rats which received MSG and L.
casei IMV B-7280 (the MSG-group + L. casei
IMV B-7280).

Serum cytokines (IL-1B, IL-12Bp40, 1L-4,
IL-10, interferon-y and tumor growth factor-f
(TGF-B)) were quantified by ELISA immune
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assays with primary and secondary antibodies
from Santa Cruz Biotechnology (USA).

All received digital data was processed
through analysis of variance by using the Epi
Info software (version 8.0) and “Statistica, 8.0”.
Obtained results were tested for normality of
distribution using F Shapiro-Wilk test. If the
data did not meet the normal distribution law,
the comparison of two unrelated samples was
performed by Mann-Whitney test. In the nor-
mal distribution, comparison of the difference
between control and experimental measurements
was performed using Student t-test for inde-
pendent samples. The critical level of statistical
significance for all tests was P<0.05. Data is
represented as mean value (M) and the average
standard error (m) [17].

Ministry of Education and Science of
Ukraine supported this study (Project No.
F64/32-2016 (16DF036-03), 12.04.2016).

RESULTS AND DISCUSSION

In our study, administration of MSG to newborn
rats was accompanied with the increasing
production of IL-1B and IL-12Br40 pro-
inflammatory cytokines (Table 1). We observed
increased levels of the IL-1B (22.4 %, P < 0.05)
and IL-12 (61.2 %, P < 0.05) in blood serum
of obese rats that indicates strengthening of
the inflammatory processes in the case of
MSG-induced obesity. On the other hand, the
interferon-y production was not changed.

The probiotic strains of B. animalis VKL, B.
animalis VKB and L. casei IMV B-7280 did not
affect the level of the IL-1p in blood serum of
obese rats comparing with the MSG-group. The
level of the IL-1f in blood serum of these rats
was 17.2 % (P < 0.05), 23.6 % (P < 0.05) and
20.6 % (P < 0.05) higher vs intact rats.

However, after administration of the B.
animalis VKL - B. animalis VKB - L. casei IMV
B-7280 composition to obese rats the level of
the IL-1B did not differ from that in the MSG-
group, but in the probiotic composition-group,
there were no significant differences comparing
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Table 1. Concentration of the pro-inflammatory cytokines in the serum of the obese rats (M+m, n = 10)

Groups of the rats

Level of the cytokines in serum, pg/ml

IL-1B | IL-12B p40 | interferon-y
Intact rats 0.472 £0.014 0.808 £ 0.025 0.299 £ 0.013
MSG-group 0.578 £0.032* 1.302 £ 0.046* 0.317 £0.019
MSG-group + probiotic composition 0.510 £ 0.022 1.057 + 0.041*/** 0.304 +£0.018
MSG-group + B. animalis VKL 0.553 £0.022* 1.166 £ 0.040* 0.300 £ 0.011
MSG-group + B. animalis VKB 0.583 +£0.019* 1.183 £0.077* 0.306 + 0.008
MSG-group + L. casei IMV B-7280 0.569 + 0.022* 1.178 £0.101* 0.299 + 0.008

*P < 0.05 compared with intact rats, ** P < 0.05 compared with MSG-group

with intact rats. That may indicate decreasing the
expression of this pro-inflammatory cytokine
in the case of treating with the B. animalis
VKL - B. animalis VKB - L. casei IMV B-7280
composition.

The level of the IL-12B p40 in blood serum
was decreased after administration of the B.
animalis VKL - B. animalis VKB - L. casei
IMV B-7280 composition (18.9 %, P < 0.05)
and B. animalis VKL (10.5 %, P < 0.05) vs
the MSG-group. However, the level of the IL-
12B p40 in blood serum of these rats remained
higher than in intact animals. B. animalis
VKB and L. casei IMV B-7280 did not affect
the level of this pro-inflammatory cytokine in
blood serum of obese rats, which exceeded these
indicators in intact rats. As shown in Table 1, the
interferon-y production was not changed after
the administration of the probiotic strains and
probiotic composition to obese rats. Therefore,
the interferon-y level remained on the level of
this cytokine in blood serum of the MSG-group
and the control group.

In the case of MSG-induced obesity, the
level of anti-inflammatory cytokines such

as IL-4, IL-10 and TGF-B in blood serum
significantly reduced (30.6 %; 28.5 % and 14.9
%, respectively, P <0.05) comparing with intact
rats (Table 2). This data indicates a weakening
of the body’s ability to resist inflammation under
this pathology.

The IL-4 level in blood serum increased
under the influence of B. animalis VKL (on
21.7 %, P <0.05), B. animalis VKB and L. casei
IMV B-7280 (18.0 %, P < 0.05) (separately)
and the probiotic composition (27.2 %, P <
0.05) comparing with the MSG-group. After
administration of the probiotic composition
to obese rats, the IL-4 level increased to the
level of this cytokine in blood serum of intact
animals. However, while using B. animalis
VKL, B. animalis VKB or L. casei IMV B-7280
separately the level of this anti-inflammatory
cytokine was lower than in intact animals.

Studying the IL-10 production in animals with
MSG-induced obesity, we found a similar tendency.
Thus, the level of this anti-inflammatory cytokine
in blood serum increased under the influence of
B. animalis VKL, B. animalis VKB and the
probiotic composition comparing with the MSG-

Table 2. Concentration of the anti-inflammatory cytokines in the serum of the obese rats (M+m, n = 10)

Level of the cytokines in serum, pg/ml

Groups of the rats

IL-4 | IL-10 | TGF-B
Intact rats 0.446 £ 0.026 0.311+0.014 0.374 £0.019
MSG-group 0.309 £ 0.017* 0.222 £ 0.013* 0.318 £ 0.020*
MSG-group + probiotic composition 0.393 £0.018 ** 0.334 +£0.020 ** 0.399 £ 0.026 **
MSG-group + B. animalis VKL 0.376 £ 0.018 */** 0.280 £ 0.008 */** 0.381 £0.018 **
MSG-group + B. animalis VKB 0.331 £0.014* 0.284 £ 0.018 ** 0.324£0.011*
MSG-group + L. casei IMV B-7280 0.365 £ 0.014 */** 0.260 £ 0.024* 0.359 £ 0.013

*P < 0.05 compared with intact rats, ** P < 0.05 compared with MSG-group
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group (26.0 %; 27.6 % and 50.0 %, respectively,
P < 0.05). However, L. casei IMV B-7280 did
not affect the IL-10 production.

The TGF-P level was increased in blood
serum of obese rats which received the probiotic
composition (25.5 %, P < 0,05) or B. animalis
VKL (on 19.8 %, P < 0.05) comparing with the
MSG-group. B. animalis VKB had no significant
effect on the level of this anti-inflammatory
cytokine, which was lower (13.2 %, P < 0.05)
than in intact animals. The TGF- production
in rats with MSG-induced obesity was not
changed under the influence of L. casei IMV
B-7280. It should be noted that the amount
of the IL-4, IL-10 and TFG-p increased to the
levels in intact rats only after administration of
the probiotic compositions to MSG-obese rats,
but not probiotic strains separately.

Hence, our results suggest the anti-inflam-
matory effect of B. animalis VKL, B. animalis
VKB and L. casei IMV B-7280 (separately) and
the B. animalis VKL - B. animalis VKB - L. ca-
sei IMV B-7280 composition in rats with MSG-
induced obesity. Nevertheless, the most pro-
nounced effect was obtained after administration
of the B. animalis VKL - B. animalis VKB - L.
casei IMV B-7280 composition to obese rats,
it reduced the level of pro-inflammatory cyto-
kines such as IL-1f and IL-12Br40 comparing
with the MSG-group and restored the level of
anti-inflammatory cytokines such as IL-4, IL-10
and TGF- to the levels in intact rats. This data
indicates the strong anti-inflammatory effect
of the B. animalis VKL - B. animalis VKB - L.
casei IMV B-7280 composition in the case of
administration it to MSG-obese rats.

We had previously shown [16] such bio-
markers of MSG-induced visceral obesity in
newborn rats: increased body mass index, Lee
index, mass of the visceral adipose tissue and
decreased body length; abnormalities in the
lipid and carbohydrate metabolism as well as
decreased adiponectin level in blood serum and
increased leptin level in adipose tissue.In this
study, we established that neonatal administra-
tion of MSG to newborn rats lead to increased
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pro-inflammatory cytokines production such as
IL-1p and IL-12Br40. In contrast, the production
of anti-inflammatory cytokines such as IL-4,
IL-10, and TGF-B in rats with MSG-induced
obesity decreased. Our results indicated the
inflammation development in rats with MSG-
induced obesity. It should be noted that in the
case of obesity, chronic low-grade inflammation,
which comes out in increased levels of acute-
phase proteins and pro-inflammatory mediators
in blood serum [18], plays a critical role in the
development of cardiovascular dysfunction [19],
insulin resistance and type II diabetes [7,20].

It was found that the IL-1p, which is primed
by high-fat diet (HFD) and is cleaved through
the NLRP3 inflammasome complex [21, 22],
and which production in fat tissue is associated
with the TLR4 receptor and nuclear factor-
kB activation [23, 24], directly influences the
peripheral insulin resistance and type Il diabetes
[20, 25, 21, 26, 22]. In our study, glucose and
insulin levels in blood serum, and HOMA insu-
lin resistance index [16], as well as IL-1 and
IL-12Br40 production were also increased in
rats with MSG-induced obesity comparing with
intact rats. These parameters of carbohydrate
metabolism indicate the development of insulin
resistance and type Il diabetes in rats with MSG-
induced obesity, which is connected with low-
grade inflammation development.

As we demonstrated, probiotic strains L.
casei IMV B-7280, B. animalis VKL and B.
animalis VKB and the B. animalis VKL - B.
animalis VKB - L. casei IMV B-7280 com-
position are able to improve some biomarkers
of MSG-induced visceral obesity in Wistar
male rats: anthropometric parameters were im-
proved, mass of the visceral adipose tissue was
decreased, lipid and carbohydrate metabolism
was improved, adiponectin level was increased,
and leptin level in adipose tissue was decreased
comparing with the MSG-group. The probiotic
composition more effectively prevents mono-
sodium glutamate-induced obesity in rats [16].

In this article, we are describing results of
the study, which demonstrate that improving
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MSG-induced visceral obesity biomarkers in rats
under the influence of L. casei IMV B-7280, B.
animalis VKL and B.animalis VKB (separately)
and their composition is accompanied with
changes in pro- (IL-1B, IL-12Br40) and anti-
inflammatory (IL-4, IL-10, TGF-B) cytokines
production. While using the B. animalis VKL
- B. animalis VKB - L. casei IMV B-7280 com-
position for treatment we observed a tendency
towards decreasing of the IL-1f production and
significant decreasing of the IL-12Br40 produc-
tion in the MSG-group comparing with rats with
MSG-obesity which did not receive the probiotic
composition. However, the level of the IL-4,
IL-10 and TGF-B production increased (vs the
level in intact rats). But the application of L. ca-
sei IMV B-7280, B. animalis VKL, B. animalis
VKB (separately) for therapeutic purposes was
less effective. These results suggested that the
B. animalis VKL - B. animalis VKB - L. casei
IMV B-7280 composition is able to restore the
inflammation in rats with MSG-induced obesity,
but in order to reduce chronic inflammation we
need a prolonged use. The anti-inflammatory
effect of probiotic bacteria correlated with
decreasing of the visceral fat mass as well as
a warning to development of the insulin re-
sistance and type II diabetes development in
MSG-induced obesity, as well as improved lipid
metabolism comparing with rats which were not
treated using probiotic bacteria.

Therefore, as we recently established,
glucose and insulin levels in blood serum and
HOMA insulin resistance index in the MSG-
group dropped under the influence of probiotic
bacteria, but the insulin level in blood serum and
HOMA insulin resistance index did not restore
to those levels in intact animals [16]. Under
the influence of probiotic strains and probiotic
composition total cholesterol, very low-density
lipoprotein and high-density lipoprotein levels
decreased, and the low-density lipoprotein
level increased comparing with those in the
MSG-group. However, the total cholesterol
level reduced to the control level only after
using the probiotic composition for treatment.
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The triglycerides level reduced comparing with
the MSG-group only under the influence of the
probiotic composition and L. casei IMV B-7280.

In the case of MSG-obesity the B. animalis
VKL - B. animalis VKB - L. casei IMV B-7280
composition has a stronger effect on carbohydra-
te and lipid metabolism parameters as well as
stronger anti-inflammatory effect comparing
with probiotic bacteria (separately). We also
found [16] decreased leptin concentration in
adipose tissue in rats with MSG-induced obesity
which received this probiotic composition. But
the adiponectin concentration in blood serum of
these rats was not changed. In the case of MSG-
obesity in rats, the anti-inflammatory effect of
the B. animalis VKL - B. animalis VKB - L. casei
IMV B-7280 composition and probiotic bacteria
(separately) perhaps related to gut microbiota
modulating, but further studies are required to
depose to this fact.

According to other authors [27], in the
case of high fat diet-induced obesity in young
male Sprague-Dawley rats, a probiotic, VSL
#3 (a multistrain preparation composed of
Streptococcus thermophillus and several
species of Lactobacillus and Bifidobacteria)
has anti-oxidative and anti-inflammatory
effects, accompanied with the alteration of
the lipid peroxidation and lipid metabolism.
L. sakei OK67 improves high-fat diet (HFD)-
induced obesity in mice and hyperglycemia by
reducing inflammation through suppression the
HFD-induced TNF-a and IL-1p expression and
nuclear factor-kB activation in the colon as well
as inhibiting the nuclear factor-kB activation in
LPS-stimulated peritoneal macrophages [23]. L.
casei str. Shirota also shows anti-inflammatory
effects in young and old obese rats through
changes in the IGFBP-3, IL-6, and IL-12 levels
[28]. The pro-inflammatory IL-12, IFN-y and
TNF-a cytokine production decreases and anti-
inflammatory IL-10 cytokine secretion increases
after administration of L. plantarum TNS§ to
obese rates, which correlates with improving
in hepatic and urinary functions of these rats
through inducing the decrease in alanine
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aminotransferase, gamma glutamyl transferase,
plasmatic triglycerides, total cholesterol
concentrations, creatinine, urea, and body [29].

Our data confirm multiple mechanisms of
therapeutical effects of probiotic strains L. casei
IMV B-7280, B. animalis VKL and B.animalis
VKB and the B. animalis VKL - B. animalis
VKB - L. casei IMV B-7280 composition in
rats with MSG-induced obesity. The probiotic
composition was more effective than probiotic
strains separately. We can explain this by the
fact that all markers of obesity that we studied,
including pro- and anti-inflammatory cytokine
production, effectively improved only after
using the probiotic composition in order to
treat rats with obesity. These data suggest the
feasibility of developing recommendations for
inclusion of B. animalis VKL - B. animalis VKB
- L. casei IMV B-7280 probiotic composition
in the complex scheme for treating obesity.
The ability to alter pro- and anti-inflammatory
cytokines production opens new perspectives for
the development of probiotic-based treatment
for obesity and metabolic syndrome. The
immunobiotics in the long term can also be
used for the treatment of type II diabetes,
cardiovascular diseases, musculoskeletal
disorders, liver fibrosis, neurodegenerative
diseases, atherosclerosis, and cancer.

T.M. ®ananeesal, I.B. Jlemenko', T.B. Beperosal,
JI.M. Jlazapenko'2, O.M. Capuyk!, J.M. Cimesn?,
O.I. Hupiok!, T.B. Bosk!, M.SI. CniBak??

MNPOBIOTUYHI ITAMHU JJAKTOBAIINJI TA
BI®IJOBAKTEPI 3MIHIOIOTH ITPOIYK-
LIIO ITPO- TA TIPOTU3AITAJIBHUX HUTO-
KIHIB Y IIYPIB 3 O)KUPIHHAM, IHIY KO-
BAHUM INTYTAMATOM HATPIIO

Meroto nociipKeHHs Oy/no BU3HAYEHHS BIUIMBY MPOOIOTHYHHUX
wramiB Lactobacillus casei IMB B-7280, Bifidobacterium
animalis VKL, B. animalis VKB (okpemo) Ta kommo3uuii B.
animalis VKL - B. animalis VKB - L. casei IMB B-7280 na
MPOAYKIIIO MPO- 1 MPOTH3ANaIbHUX LUTOKIHIB y CHPOBATLI
KPOBI camIliB I1ypiB JiiHii BicTap 3 OKUPIHHSIM, iHIYKOBAHHM
rmyramaroM Hatpito (I'H). Beranosneno, mo HeoHaraibHe
BBenenHs ['H miypaM npu3Boauio 0 301IbIICHHS BMICTY
intepneiikiny (IJ1)-1B i IJI-12Bp40, a Takox /10 3MEHIICHHS
1J1-4, 1JI-10 i dakropa pocty myxmunu (OPII)-B. Iicmst Be-
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JICHHSI LIy paM 3 OKHPiHHIM Kommno3uii B. animalis VKL - B.
animalis VKB - L. casei IMB B-7280 Bmict 1JI-1f =e Bixpis-
HSABCS BiJ] TAKOTO Y LIYPiB 3 OKMPIiHHAM, SKi HE OTPUMYBAIH
npoGioTuuHi Oakrtepii, ane He OyJI0 CTATUCTHYHO 3HAYYIIOT
pi3HMIII TOPIBHAHO 3 IHTAKTHUMHU TBapuHamu. Bwmict 1JI-
12Bp40 3meHIIyBaBCs Mi BILIMBOM KOoMIo3uLii B. animalis
VKL - B. animalis VKB - L. casei IMB B-7280 (18,9 %; P
< 0,05) Ta B. animalis VKL (10,5 %; P < 0,05) nopiBHsHO
31 I[ypaMH 3 OJKMPIiHHAM, 110 HE OTPUMYBAJIM MPOOIOTHYHI
GakTepil, ajne 3aJMIIaBCs BUIIUM, HiXK B IHTAKTHUX TBapHH.
[Ticis BBeIGHHS 1IlypaMH 3 O)KUPIiHHAM KoMnio3uuii B. animalis
VKL - B. animalis VKB - L. casei IMB B-7280 ta B. animalis
VKL Bmict 1J1-4, IJI-10 ta ®PH-f niasuiyBascs NOpiBHAHO
31 I[ypaMH 3 OKMPIiHHAM, 110 HE OTPUMYBAJIM MPOOIOTHYHI
6akrepii. Bmict 1JI-10 migBuIyBaBCs TAKOXK Mij BILTMBOM B.
animalis VKB, a 1JI-4 — iy BrumsoM L. casei IMB B-7280.
OTprMaHi HaMH Pe3yNbTaTH CBiIYaTh PO Te, 10 Li Mpooi-
OTHYHI OakTepii i MpoOIOTHYHA KOMITO3HIIis 31aTHI HOpMaJTi-
3yBaTH 3arajeHHs y IypiB 3 OKUPIHHAM, iHAykoBaHUM ['H,
IPOTe HACUITBHIIIY HPOTH3aNalbHy A0 Maja MpodioTHYHa
KOMIIO3HILisl. 31aTHICTh JakTobar i 6idinodakrepiii BrnBa-
TH Ha NPOJYKIIi0 PO- i IIPOTH3ANAIbHUX LINTOKIHIB BiIKPH-
BA€ MEPCIICKTHBY JUISl CTBOPEHHSI HOBUX METOIB JIiKyBaHHS
OXKHUPIHHS 1 MeTab0JIIYHOTO CHHAPOMY Ha OCHOBI IPOOIOTHKIB.
KittouoBi ciioBa: oxwupiHHs; DIyTamar Harpito; Lactobacilli,
Bifidobacteria; uNTOKIHY; LLypH.

! Kuiscoxuii nayionansnuil ynieepcumem imeni Tapaca
Illesuenka;

2Incmumym mixpo6ionozii i eipyconoeii im. JI.K. 3a6onom-
noeo HAH Yxpainu, Kuis, 3TOB «ianpog», Kuis

T.M. ®ananeesa', U.B. Jemenko!, T.B. Beperoas
1 JI.H. Jazapenko 2, A.H. Capuyk!, JI.M. Cunre
2, E.W. Hupiok!, T.B. Bosk!, H.{I. CnimBak 23

HNPOBUOTUYECKHUE IITAMMBI IAKTO-
BAILIUJI U BUOUTOBAKTEPUIA U3MEHSI-
IOT MPOAYKIUIO ITPO- U TPOTUBOBO-
CHAJMIMTEJBHBIX IUTOKWUHOB Y KPbIC
C O’KMPEHUEM, HTHAYIIUPOBAHHBIM
INTYTAMATOM HATPUA

Llenbro ucciaenoBaHusi ObUIO ONpE/eIeHUe BIUSHUS MPO-
ouornueckux mrammoB Lactobacillus casei UMB B-7280,
Bifidobacterium animalis VKL, B. animalis VKB (oTnensHo)
u komnosuuuu B. animalis VKL - B. animalis VKB - L. casei
HNMB B-7280 Ha npoayKIuo Npo- U NPOTUBOBOCIAIUTEb-
HBIX [[UTOKHHOB B CBIBOPOTKE KPOBHU Y CAMIIOB KPBIC JIMHUU
Bucrap ¢ oxxupeHneM, HHIyIMPOBaHHBIM [Ty TaMaTOM HaTPHsI
(I'H). YcranoBneHo, uyto HeoHaransHoe BBeeHue ['H kpbicam
HPUBOIUIIO K YBETIMYEHUIO cofiepkaHue nutepiuerikuna (MJI)-
1B u UJI-12Bp40, a Takke k yMmeHblieHuo yposus NJI-4,
NJI-10 u ¢axropa pocra omyxonu (OPO)-B. [Tocne BBeneHns
KpbIcaM ¢ OXHpeHHeM koMmnosuuwmu B. animalis VKL - B.
animalis VKB - L. casei UMB B-7280 conepxxanne WJI-1p
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HE OTJIMYAJICS OT TAKOBOTO Y KPBIC C 0XKUPEHHUEM, KOTOPBIE HEe
MOJTyYaJTi MPOOUOTHYECKHE OaKTEPUH, HO HE OBIIIO CTATUCTH-
YECKH JIOCTOBEPHOI Pa3HUIIBI [10 CPABHEHHUIO C HHTAKTHBIMU
KHUBOTHBIMHU. YpoBeHb NJI-12Bp40 ymenbiiancs nox Biaus-
nueM komnosuuuu B. animalis VKL - B. animalis VKB - L.
casei UMB B-7280 (18,9 %; P < 0,05) wiu B. animalis VKL
(10,5 %; P < 0,05) o cpaBHEHHUIO ¢ KPbICAMHU C OXKUPECHUEM,
HE [0JTy4aBLIIMMH IPOOUOTHYECKHE OaKTepHH, HO OCTaBAJICS
BBILLIE, Y€M Y HHTAKTHBIX )KUBOTHBIX. [lociIe BBeIGHHS KpbICa-
MH ¢ O)KUpeHneM kommnosutmu B. animalis VKL - B. animalis
VKB - L. casei UMB B-7280 unu B. animalis VKL conep-
wanue NJI-4, NJI-10 u ®PO-f nossImanocs mno cpaBHEHUIO
C KPBICAMH C O)KHUPEHHEM, He MOJyYaBIINX MPOOHOTHYECKHE
Gakrepun. YpoBeHb MJI-10 moBbIIIaics TakKe MO BAUSHUCM
B. animalis VKB, a NJI-4 — nox BausaueMm L. casei UMB
B-7280. Ilomy4yeHHble HAMHU Pe3yIbTAThl CBUACTEIbCTBYIOT O
TOM, YTO 3TH MPOOHOTHYCCKHIE OAKTEPHH U TPOOHOTHUYCCKAS
KOMITO3HUIHsI CITIOCOOHBI HOPMAJIM3UPOBATh BOCHAICHUS Y
KpbIC C OKHpeHueM, uHaynuposanueiM ['H, oxgHako Gonee
CHJIBHOE MPOTHBOBOCHAIHUTENBHOE JIeHCTBHE MMela Hpo-
ouornyeckas kommnosuius. CriocoOHOCTh JAKTOOAMIUT U
Oonpurod6aKkTepuil BIUATH HA MPOLYKIHIO MPO- M MPOTHBO-
BOCIAJMTEIbHBIX [IUTOKHHOB OTKPBIBAET MEPCIICKTUBBI IS
CO3/1aHMsI HOBBIX METO/IOB JICUCHUS] OKUPSHUSI 1 METaOOJIH-
YECKOT0 CHHJIPOMa Ha OCHOBE IPOOHOTHKOB.

KuroueBsle ci1oBa: oxxupenue; nryramar Hatpust; Lactobacilli;
Bifidobacteria; INTOKMHBI; KPBICHI.

! Kuesckuii nayuonanvuwiii ynusepcumem um. Tapaca Illes-
uenKa;

2Hncmumym muxpobuonozuu u supyconoauu um. J.K. 3abo-
aomnoco HAH Yxpaunwl, Kues,

3000 «Juanpogh», Kues
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