N.L. Cheremshenko, T.V. Symchych, S.V. Gogol, P.A. Virych, V.F. Chekhun .

N.L. Cheremshenko
https.//orcid.org/0009-
0006-6291-8572

T.V. Symchych
https://orcid.org/0009-
0005-9927-2798

S.V. Gogol
https.//orcid.org/0000-
0002-2453-3130

P.A. Virych
https.//orcid.org/0000-
0001-6201-3892

V.F. Chekhun

https.//orcid.org/0000-
0003-1024-3703

R.E. Kavetsky Institute
of Experimental Pathology,
Oncology and Radiobiology,

National Academy of Sciences

of Ukraine, Kyiv, Ukraine

DOI: https://doi.org/10.15407 /oncology.2026.02.118

THE COMPLEX EFFECT

OF BIFIDOBACTERIUM

AND LACTOBACILLUS SPECIES
AND METFORMIN

ON MACROPHAGES POLARIZATION
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Aim: to study the complex effect of the metformin and B. animalis subsp. lactis
BB-12 or L. rhamnosus GG application on the polarization of peritoneal
macrophages. Object and Methods: the studies were conducted on female
Balb/c mice. Ehrlich adenocarcinoma (EAC) was used as an experimental
tumor. Tumor-bearing animals were administered metformin or metformin
in combination with B. animalis subsp. lactis BB-12 or L. rhamnosus GG
for 20 days. The parameters of macrophages’ (Mph) functional activity were
determined by the levels of NO and reactive oxygen species (ROS) production,
arginase (Arg) activity, phagocytic and cytotoxic activity, and the production
of TNF-a and IL-10 cytokines. Results: Metformin administered as single
treatment caused a binary effect on the polarization state of Mph: it positively
influenced Mph cytotoxic activity, a high NO/Arg ratio, and ROS production
(characteristics of M1 Mph), while simultaneously increasing phagocytic activity
(a sign of M2 Mph) and having a weak effect on cytokine production. At the
same time, when combined with bacterial preparations, metformin synergized
with the influence of bacteria on Mph polarization. Due to the decreased
NO/Arg ratio and cytotoxic activity concomitantly with the increased phagocytic
activity, and the spectrum of produced cytokines metformin in combination
with B. animalis subsp. lactis BB-12 supported Mph polarization toward one
of the M2 subtypes. In contrast, the combined administration of metformin and
L. rhamnosus GG promoted M I-type Mph polarization, as indicated by the
prolonged preservation of Mph cytotoxic activity, their ability to produce high
levels of NO, ROS, and TNF-a, while decreasing phagocytic activity and IL-10
production. Combined administration of metformin with bacterial preparations
(but not metformin alone) contributed to tumor growth inhibition by 56.2%
(B. animalis + metformin) and 62.0% (L. rhamnosus + metformin). Tumor
volume inversely correlated with NO/Arg ratio or Mph cytotoxic activity
(requals to —0.785 and —0.742, respectively, p <0.05 in both cases). Conclusion:
combining metformin with bacterial preparations did not significantly alter the
effect of the latter on macrophage (Mph) polarization, while demonstrating
a pronounced antitumor effect. These findings highlight the potential of this
combination for targeted immunocorrection, overcoming tumor-mediated
immunosuppression, and enhancing the efficacy of cancer treatment.

Keywords: Ehrlich carcinoma, B. animalis subsp. lactis BB-12, L. rhamnosus
GG, metformin, macrophages, polarization state, antitumor efficacy.

Modern strategies of cancer patients’ treatment From this perspective, there is a growing interest in
include the development of approaches aimed  studying the efficacy of the complex action of human
at modifying antitumor immune responses and the  natural microbiota (strains of Bifidobacterium spp.,
metabolic profile of the tumor microenvironment. Lactobacillus spp.) and the well-known hypoglycemic
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agent metformin. Although each of these components
individually has proven biological activity and is widely
used in medical practice, their combined effect on key
reactions of the antitumor immune response remains
insufficiently studied.

The widely recognized efficacy of Bifidobacterium
spp. and Lactobacillus spp. strains in treating patients
with various inflammatory diseases is largely due to
the immunomodulatory properties of these microorga-
nisms. Important role of microbiota in the formation
of innate and adaptive immune responses has been
demonstrated both under physiological conditions and
in pathological states, including oncological diseases.
The microbiota interacts with immune cells, influen-
cing processes such as immune cell differentiation,
cytokine production, and the maintenance of immuno-
logical tolerance [1]. However, the probiotics are often
combined with other medications, the mutual influen-
ce of which may potentiate or inhibit each other’s ac-
tivity. A complex relationship has been demonstrated
between the gut microbiome and anticancer therapy
agents, resulting not only in changes in the qualitative
and quantitative composition of the microbiota but
also in microorganisms’ metabolite-driven changes in
the metabolism of anticancer drugs and immune reac-
tions. As a result of such complex interaction, adverse
reactions may occur, and a decrease in treatment ef-
ficacy may be observed [2, 3]. Mutual multidirectional
effects of drugs have also been demonstrated for the
combined use of probiotics and immunotherapy, which
is becoming a common approach in cancer patients’
treatment. It has been shown that, in addition to direct
action on immune cells, immunomodulatory drugs
affect the gut microbiota by changing its qualitative
composition—specifically, by reducing the number of
beneficial saprophytic bacteria (e.g., Bifidobacterium,
Lactobacillus) and increasing the number of poten-
tially pathogenic species. In turn, imbalance in the
gut microbiota composition caused by medications can
lead to secondary changes in the immune response and
influence the treatment effectiveness [4, 5].

Other medications including metformin can be
expected to impose similar effects on the microbiota.
Metformin is one of the most common hypoglycemic
drugs used in the treatment of patients with type 2 dia-
betes mellitus especially in overweight patients. How-
ever, its effectiveness in treating several other diseases
is drawing scientists’ attention. It has been shown that
in addition to its hypoglycemic effect metformin exhi-
bits multiple biological activities including immuno-
modulatory, anti-inflammatory, antioxidant, cardio-
protective, hepatoprotective, and regenerative proper-
ties [6—9]. The immunomodulatory effect of metformin
is due, in part, to its ability to influence the functional
state and polarization of macrophages (Mph) [7]. The
metformin-induced suppression of M1 Mph polariza-
tion and maintaining of M2 Mph polarization is one
of the mechanisms of its anti-inflammatory properties
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which underlie its protective effects in chronic inflam-
matory diseases, atherosclerosis, and obesity [10—12].
At the same time, literature data suggest that in case
of cancer, metformin promotes the reprogramming
of tumor associated Mph from the anti-inflammatory
M2 phenotype to the pro-inflammatory M1 pheno-
type significantly enhancing antitumor resistance. The
metformin-induced repolarization of Mph leads to
changes in cytokine production: an increase in M1
associated IL-12 and TNF-a cytokines and a decrease
in the levels of immunosuppressive 1L-8, IL-10, and
TGF-pB which are associated with M2 Mph [7, 13, 14].
Given that the interaction of bacterial metabolites with
Mph can also radically alter their polarization state,
combining of human Bifidobacterium and Lactobacil-
lus microbiomic bacteria with metformin may prove
to be a promising approach for modulating both lo-
cal and systemic immune responses in the context of
malignant growth.

Therefore, the aim of the research was to study the
complex effect of the metformin and B. animalis subsp.
lactis BB-12 or L. rhamnosus GG application on the
polarization of peritoneal macrophages.

OBJECTS AND METHODS

Experimental animals. The study was performed on
female Balb/c mice (age 2.0—2.5 months, weight 19.0—
22.0 g) obtained from the vivarium of the R.E. Ka-
vetsky Institute of Experimental Pathology, Oncology
and Radiobiology (IEPOR) of the National Academy
of Sciences of Ukraine. The animals were kept under
standard vivarium conditions with a natural light cycle
and a balanced diet. Animal maintenance and experi-
mental procedures were carried out in accordance with
standard international rules on bioethics and the Euro-
pean Convention for the Protection of Vertebrate Ani-
mals used for Experimental and Other Scientific Pur-
poses [15]. The research protocol has been approved by
the Bioethics Committee of the IEPOR (Protocol No. 5
dated May 6, 2025). All animals underwent a 10-day
quarantine before being included in the study. After the
adaptation period, the animals were weighed, divided
into groups, and marked with serial numbers.

Tumor model. Ehrlich solid adenocarcinoma (ECA)
was used as a model of tumor growth [16]. Tumor cells
were obtained from the IEPOR’s Bank of Human and
Animal Tissue Cell Lines. For tumor transplantation,
EAC cells were injected intramuscularly into the thigh
(5x103 cells/mouse).

Preparations. Lyophilized cells of B. animalis subsp.
lactis BB-12 (Lek Pharmaceuticals, Ljubljana, Slove-
nia) and L. rhamnosus GG (Probiotical S.p.A., Swit-
zerland) were used as probiotic preparations. Probiotics
were administered at a dose of 7x105 CFU/mouse
per administration, and metformin at a dose of 4 mg/
mouse per administration in 0.2 ml of 0.9% NaCl.
All preparations were administered per os daily via
a gastric tube for 20 days.
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Experimental Design. Experimental animals (7= 50)
were divided into 5 groups: “Intact Control, IC” —
mice without tumors that were administered 0.9%
NaCl (n=10); “EAC” — tumor-bearing mice that
were administered 0.9% NaCl (n=10); “Metformin” —
tumor-bearing mice that were administered metformin
starting from the 219 day after EAC transplantation
(n=10); “B. animalis + metformin” — mice bearin
EAC that were administered metformin and B. ani-
malis (n=10); “L. rhamnosus + metformin” — mice
bearing EAC that were administered metformin and
L. rhamnosus (n=10).

On days 14 and 21 of tumor growth, the functional
activity of peritoneal Mph was assessed: phagocytic
activity, levels of NO production and arginase (Arg)
activity, production of reactive oxygen species (ROS),
and amount of TNF-a and IL-10 in Mph supernatants.
Throughout the study, standard tumor growth para-
meters were assessed (grafting frequency, latent period
of tumor appearance, volume of the tumor nodule).
The methods are described in detail in [17].

Statistical analysis of the results was performed
using conventional methods of variational statistics
with GraphPad Prism 8.0.1 (GraphPad Software Inc.,
USA) software. Pearson’s correlation coefficient was
calculated using the GraphPad Prism 8.0.1 software
(GraphPad Software Inc., USA). The significance of
the difference between the control and experimental
groups was assessed using Student’s t-test. Differences
were considered significant at p <0.05.

RESULTS AND DISCUSSIONS

One of the most important characteristics of mac-
rophages is their ability to exhibit cytotoxic activity
against various target cells, including malignant cells.
However, tumor cells reprogram macrophages both lo-
cally within the tumor microenvironment and systemi-
cally throughout the organism [18, 19]. Consequently,
macrophages lose their cytotoxic properties and ac-

tively adopt pro-tumor and immunosuppressive roles.
Therefore, researchers are actively investigating me-
thods to reprogram or modulate macrophages. Modu-
lating the microbiome or altering energy metabolism
has been shown to influence macrophage polarization
and functional state.

According to the obtained results, the administra-
tion of metformin preserved Mph cytotoxic activity
throughout the entire observation period (Fig. 7). On
day 21 of tumor growth, despite a decrease compared
to the “IC” group (by 1.3 times, p <0.05), the cytotoxic
activity of Mph in animals receiving metformin was
twice as high (p<0.05) compared to the control tumor-
bearing animals. Combined use of metformin with
bifidobacteria and lactobacilli had multidirectional ef-
fects on the cytotoxic activity of Mph: in animals of the
“B. animalis + metformin” group, the administration
of bifidobacteria cancelled the protective effect of met-
formin on Mph cytotoxic activity. It decreased to the
level of untreated EAC-bearing mice and was signifi-
cantly lesser compared to the “IC” group (by 1.8 times,
2<0.05). In contrast, the combined administration of
metformin and L. rhamnosus maintained the specific
cytotoxic activity of Mph at the IC level throughout
the entire experiment (see Fig. ). The cytotoxic ac-
tivity in animals of this group was significantly higher
compared to both the control tumor-bearers and the
animals of the “B. animalis + metformin” group.

As mentioned above, the loss of cytotoxic activity
is a consequence and a sign of tumor-induced Mph
reprogramming, which is also reflected in alterations
in the balance of L-arginine metabolizing enzymes.
Tumor-suppressive M1 Mph actively produce NO,
while in pro-tumor M2 Mph, arginine is metabolized
by arginase more intensively. Therefore, a progressive
decrease in the NO/Arg ratio was observed in cont-
rol tumor-bearing animals compared to intact mice
(Fig. 2). The NO/Arg ratio in Mph samples from mice
administered metformin was significantly lower than
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Fig. 1. The level of cytotoxic activity of peritoneal Mph in mice administered metformin and B. animalis or L. rhamnosus

* — p<0.05 compared to the “IC” group; ** — p<0.05 compared to the “EAC” group; *** — p<0.05 compared to the

“B. animalis + metformin” group.
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Fig. 2. The NO/Arg ratio in peritoneal Mph of mice administered metformin and B. animalis or L. rhamnosus

* — p<0.05 compared to the “IC” group; ** — p<0.05 compared to the “EAC” group; *** — p<0.05 compared to the

“B. animalis + metformin” group.

in the “IC” group, yet it exceeded the values of un-
treated EAC-bearing mice. Similarly to the influence
on cytotoxic activity, the combined administration of
metformin with bacterial preparations had a multidi-
rectional effect. Specifically, in the “L. rhamnosus +
metformin” group, the NO/Arg ratio remained at the
level of intact mice throughout the observation period
and significantly exceeded the values of both control tu-
mor-bearing animals and mice from the “B. animalis +
metformin” group. Conversely, in the “B. animalis +
metformin” group, the NO/Arg ratio significantly
decreased compared to the intact mice on day 14 of
tumor growth and remained so until the end of the
experiment.

Investigated preparations influenced ROS produc-
tion to a lesser extent (Fig. 3). The administration of
metformin caused a significant increase in the level of
ROS production on dayl4 of tumor growth (p <0.05
compared to both the intact control and untreated
tumor-bearing animals). In the combined treatment
groups, ROS production remained at the level of the
intact control throughout the entire observation period
and was higher compared to the “EAC” group on day

21 of tumor growth. No significant difference was ob-
served between the combined treatment groups.

Pronounced differences between the studied groups
were observed in phagocytic activity, a high level of
which is a hallmark of M2 macrophage polarization.
As shown in Fig. 4, on day 14 of tumor growth, there
was a significant increase (by 1.6 times, p <0.05) in
the phagocytic activity of Mph in mice administered
metformin alone or in combination with B. anima-
lis. On day 21, this parameter remained elevated only
in mice of the “B. animalis + metformin” group. In
mice of the “L. rhamnosus + metformin” group, Mph
phagocytic activity remained at the level of intact mice
throughout the entire experiment.

Thus, according to the studied functional character-
istics, the administration of metformin alone had a du-
alistic effect on Mph polarization, which is consistent
with literature data regarding the context-dependent
activity of metformin in its influence on the immune
system in general and Mph polarization in particular
[7, 20]. The administration of metformin in combina-
tion with B. animalis promoted M2 polarization of
peritoneal Mph, while its combination with L. rham-
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Fig. 3. The level of ROS production by Mph of mice administered metformin and B. animalis or L. rhamnosus

* — p<0.05 compared to the “IC” group; ** — p<0.05 compared to the “EAC” group.
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Fig. 4. Phagocytic activity of Mph in mice administered metformin and B. animalis or L. rhamnosus

* — p<0.05 compared to the “IC” group; ** — p<0.05 compared to the “EAC” group.

nosus polarized Mph toward the M1 type. These data
align with previously described results of determining
Mph functional activity after the administration of
the studied bacterial preparations alone (Gogol et al.,
2025). Specifically, an increase in cytotoxic activity, the
NO/Arg ratio, and ROS production—indicating the
prevalence of M1 Mph with pro-inflammatory proper-
ties — was noted in the group of mice administered
L. rhamnosus. In contrast, the use of B. animalis was
accompanied by the increase in phagocytic and argi-
nase activity accompanied with the decreased NO and
ROS production levels, which are characteristic fea-
tures of M2 Mph polarization with anti-inflammatory
properties. That is, the administration of metformin in
combination with bacterial preparations did not inter-
fere with the direction of Mph polarization determined
by these preparations.

As a result of tumor-induced Mph reprogramming
toward the M2 type, the spectrum of cytokines pro-
duced by Mph changes: the amount of pro-inflamma-
tory cytokines (specifically TNF-a) decreases, while
the level of the immunosuppressive IL-10 simultane-
ously increases. Corresponding changes, particularly
pronounced on day 21 of tumor growth, were observed
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in the group of control tumor-bearing animals (Fig. 5).
By this observation point, compared to intact mice,
a statistically significant decrease in TNF-a production
by 39.8% occurred alongside an increase by 37.3% in
IL-10 production. This is characteristic of M2 Mph
and indicates the development of an immunosuppres-
sive state in the mice of this group.

A decrease in TNF-a production accompanied
with an increase in I1L-10 level was also observed in the
experimental animals, but with differences depending
on the preparations administered. Thus, in animals ad-
ministered metformin only, changes in the production
of both cytokines did not differ significantly from the
data of both control groups. Combined administration
of metformin with bacterial preparations positively
influenced the cytokine balance of the experimental
animals: TNF-a production was at the level of in-
tact mice and significantly exceeded this parameter
in control tumor-bearing animals. Similarly, the level
of IL-10 production in animals receiving combined
treatment did not differ from the intact mice level and
was significantly lower compared to the “EAC” group.
The most pronounced effect on cytokine production
was observed in mice of the “L. rhamnosus + met-
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Fig. 5. Levels of TNF-a (4) and IL-10 (B) production by Mph on day 21 of tumor growth in mice administered metformin

and B. animalis BB-12 or L. rhamnosus GG

* — p<0.05 compared to the “IC” group; ** — p<0.05 compared to the “EAC” group.

ISSN 3083-7154, 1562-1774 « OHKOJIOTIA e T. 28 ¢ N2 2 « 2026



BN The complex effect of Bifidobacterium and Lactobacillus species and metformin on macrophages polarization...

formin" group: TNF-a production was 1.4 times higher
(p<0.05) compared to the “EAC” group, and IL-10
production was the lowest among all groups: 1.9 times
(p<0.05) lower than the “EAC” group values, and 1.5
times lower compared to the “IC” and “B. animalis +
metformin” groups (p <0.05 in both cases).

The TNF-a/IL-10 ratio can also be used to infer
the direction of Mph polarization: its increase is asso-
ciated with the prevalence of M1 Mph, while its
decrease is linked to polarization toward M2 Mph.
It is generally accepted that non-activated Mph (for
example, in intact animals and healthy donors) are
non-polarized, i.e., MO [21,22]. The TNF-a/IL-10
ratio in intact mice was 1.41 +0.01. On the other hand,
the polarization state of Mph in tumor-bearing mice
is typically characterized as M2 (some researchers dis-
tinguish it as a separate subtype M2d, characterized
by high IL-10 and low TNF-a production [21, 23]).
In the experiment, the TNF-a/IL-10 ratio in the
“EAC” group was 0.84+0.02. Based on these data,
it can be concluded that in the “L. rhamnosus + met-
formin” group, Mph were polarized toward type 1,
as the TNF-a/IL-10 ratio of 2.09 £0.01 significantly
exceeded the values of both control groups. In the
“Metformin” and “B. animalis + metformin” groups,
the TNF-a/IL-10 ratio was 1.18 £0.03 and 1.62+0.03,
respectively, which is close to the values of intact ani-
mals. However, considering the functional test results
that matched M2 Mph characteristics, it can be sug-
gested that Mph in these groups exhibit an interme-
diate/transitional polarization type or a combination
of several polarized Mph types. In previous studies on
the effect of bacterial preparations on the polariza-
tion state of tumor-associated Mph, we showed that
the administration of lactobacilli promotes M 1-type
Mph polarization, while the administration of bifido-
bacteria polarizes Mph toward one of the M2 types,
likely M2b [24]. This polarization subtype is charac-
terized, in particular, by the production of both pro-
inflammatory (IL-1p, IL-6, TNF-a, IL-12) and anti-
inflammatory (IL-10) cytokines, which classifies them
as immunoregulatory Mph [23]. Therefore, it can be
assumed that in the “B. animalis + metformin” group,
peritoneal Mph were also polarized toward the M2b
subtype.

Thus, by day 21 of tumor growth, the Mph of the
control tumor-bearing mice acquired the properties
of M2 Mph, which are associated with the formation
of an immunosuppressive state and tumor progres-
sion. Adding metformin to the bacterial administration
regimen did not alter the character of the bacteria’s
influence on the Mph polarization. Combined admin-
istration of L. rhamnosus GG and metformin promoted
Mph polarization toward the pro-inflammatory M1
type with antitumor properties. In the “B. animalis +
metformin” group, Mph acquired M2(b) polarization
with immunoregulatory properties.

Analysis of the standard parameters of tumor
growth showed that the administration of metformin
or its combination with B. animalis and L. rhamnosus
to the experimental animals did not have a significant
effect on the engraftment rate or the latency period of
EAC appearance. Tumors developed in all animals on
days 6—9 after tumor cell transplantation, regardless
of the preparations administered (7able I).

However, the dynamics of EAC growth differed
among the groups. As shown in Table I, the largest
tumor volume was recorded in mice from the “EAC”
group: on day 14 and 21 after tumor cell transplanta-
tion, the tumor volume reached 2162.0 = 232.7 and
4074.6 £ 767.0 mm3, respectively. The administration
of bacterial preparations and metformin to mice with
adenocarcinoma differently effected the tumor growth.
In the group of animals administered metformin alone,
the tumor size on day 21 of growth was 1.7 times smaller
than that of the “EAC” group, yet it did not reach
a statistically significant difference (p >0.05 due to
significant heterogeneity of the results). However, the
combined use of B. animalis or L. rhamnosus with met-
formin had a significant antitumor effect — throughout
the entire observation period, the tumor volume in
mice of these groups were statistically significantly
smaller than the corresponding values of the control
animals. To illustrate, in the group “B. animalis +
metformin”, the tumor volume was smaller (p <0.05)
than the corresponding values of the “EAC” group:
by 1.7 times on day 14 day and by 2.3 times on day 21.
Combined use of L. rhamnosus and metformin resulted
in even more pronounced inhibition of tumor growth:
the tumor volume was significantly smaller than the

Table 1
Parameters of tumor growth in control and experimental Balb/c mice
Tumor volume, mm3
Group Tumor inhibition index, %
Day 7 Day 14 Day 21
Metformin 40.6+9.6 268.2+24.7 1562.0+235.4 2420.0+386.3
B. animalis + metformin 56.2+5.0 268.2+24.7 1274.5+215.0* 1783.4+204.6*
L. rhamnosus + metformin 62.0+2.7 268.2+24.7 1068.8+81.9* 1547.3+110.2*
Control EAC bearing mice — 429.1£111.0 2162.2+232.7 4075.0+£767.0

* — p<0.05 compared to the “EAC” group.
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Table 2

Pearson correlation coefficient between parameters of Mph functional activity and tumor volume in EAC-bearing Balb/c mice

NO/Arg Cytotoxic activity ROS production Phagocytic activity TNF-/IL-10 ratio
r -0,7851 -0,7418 -0,08249 -0,03971 -0,5303
p 0,0009 0,0024 0,7792 0,8928 0,0511
CONCLUSIONS

corresponding values of the “EAC” group by 2.0 times
(on day 14) and by 2.7 times (on 21 day).

The meaningful inhibition of tumor growth is re-
flected in high indexes of tumor growth inhibition,
which reached 56.2% and 62.0% in the “B. animalis +
metformin” and “L. rhamnosus + metformin” groups,
respectively (see Table 1). Indexes exceeding the 50%
threshold indicates the presence of an antitumor effect.
Thus, according to the results, a pronounced antitumor
effect was observed in groups of combined application
of bacterial preparations and metformin.

Correlation analysis between tumor volume and
parameters of Mph functional activity revealed strong
inverse correlation with only two of all the studied indi-
cators of Mph functional activity (7able 2). The correla-
tion coefficients (#) between tumor size and the NO/Arg
ratio or Mph cytotoxic activity were —0.785 and —0.742,
respectively (p <0.05 in both cases). These results em-
phasize the important role of M1 Mph in effective an-
titumor immune response and, as a result, inhibition
of tumor growth, since an increase in NO production
and cytotoxic activity with a simultaneous decrease in
Arg activity is a hallmark of Mph polarized toward the
M1 type. Accordingly, the most pronounced antitumor
effect was observed specifically in the “L. rhamnosus +
metformin” group, in which Mph demonstrated M1-
type polarization according to all studied parameters.

Surprisingly, an antitumor effect was also recorded
in the mice of the “B. animalis + metformin” group,
although the Mph in these animals matched M2 cha-
racteristics (likely M2b). Probably, the observed effect
could be due to increased TNF-a production, which is
a characteristic feature of this Mph polarization sub-
type. This is partially reflected by a moderate inverse
correlation between tumor volume and the TNF-a/
IL-10 ratio (r=-—0.53, p=0.0511). However, this as-
sumption does not rule out the possibility that the
combination of B. animalis and metformin may exert
other effects on the tumor microenvironment and/or
the immune system of the experimental animals and
requires further investigation.

Thus, the study results not only reveal certain as-
pects of the interaction between metformin and pro-
biotic strains but also lay the foundation for develop-
ing personalized immunocorrection strategies. These
results demonstrate that targeted modulation of the
body’s metabolic profile and the functional state of
macrophages could be applied in enhancing the ef-
ficacy of antitumor therapy and overcoming immuno-
suppression in cancer patients.

1. Applied as a single preparation, metformin has
a dual effect on the polarisation of peritoneal mac-
rophages; however, when used in combination with
bacterial preparations, it maintains the direction of
macrophage polarisation induced by the bacterial
preparation.

2. Combined application of metformin with B. ani-
malis promotes polarization of macrophages towards
the anti-inflammatory and immunoregulatory M2
phenotype.

3. Combined application of metformin and L. rham-
nosus GG acts as a potent immune response modulator
supporting the pro-inflammatory macrophage pheno-
type (M1) till terminal periods of tumor growth.

4. The combined application of metformin with
bacterial preparations does not interfere with effects
induced by bacteria and inhibit tumor growth by 56.2%
and 62.0% when combined with B. animalis and L.
rhamnosus respectively.

5. The strong inverse correlation between tumour
volume and NO/Arg ratio and macrophage cytotoxic
activity suggests that these parameters may be used as
prognostic markers of immunotherapy efficacy.

This work was carried out as part of the research
project ’Investigation of the influence of Lactobacil-
lus, Bifidobacterium and opportunistic pathogens of
the human microbiota on the mechanisms underlying
metabolic disorders in the tumor process’ (State Reg-
istration No. 0121U113840).
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Pesiome. Mema: guguenns KoMniexcHo2o 6nauU8y iHei-
oimopa enepeemuuHo20 00Miny memgopminy ma B. ani-
malis subsp. lactis BB-12 a6o L. rhamnosus GG Ha noas-
PU3AUIIHULL cmaH nepumoHeanvHux makpogaczie. 06°exkm
i memodu: docniddcenns npoeedeHi Ha MUULAX-CAMKAX
Ainii Balb/c. B akocmi ekcnepumenmansroi modeni eu-
Kopucmana adernokapyunoma Epaixa (AKE). Teapunam
3 nyxaunamu npomseom 20 0i6 6600uru mem@opmin
abo memahopmin 6 kombinauii 3 B. animalis subsp. lactis
BB-12 a6o L. rhamnosus GG. [lapamempu ¢hynkuio-
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HaabHoi akmuenocmi maxkpogaeie (Mp) éusnauaiu
3a pienem npodykyii NO ma akmueHux @opm KUcCH!,
apeinasnoro (Arg), hacoyumapnor ma yumomoxcuy-
Hol akmueHicmio, npooykyicto yuumokinie TNF-a ma
IL-10. Pe3syavmamu: éeedeHHs Mem@pOpMIiHy OKPemo
nposeasano OIHApHULL 6NAUE HA NOAAPUBAYIIHUL CMAH
Ma: cnpusno 36epexceHH0 YUMOMOKCUHHOT AKMUBHOC-
mi Mg, eucokoeo cniegionowenus NO/Aapeinaza ma
npodykuyii ADK (wo € osnakamu M1 M), eodnouac
30inbuLy8ano gazoyumapHy akmuenicms (o3naka M2
Ma), ma mano Hesupasnuii 6naue Ha NPOOYKYIr0 LUMO-
Kinie. Boonouac, npu KkombiHo8aHOMY 86edeHHI 3 OaK-
mepiarbHUMU npenapamami Memgopmin nioKpecieas
enaue 6akmepiii Ha noaspusayiro Mg. 3a noxasHukamu
cnisgionouwenHam pisHs npodykuyii NO ma akmuerocmi
apeinasu, 3HUNCeHHAM YUMOMOKCUYHOI AKMUBHOCMI HA
mai 3pocmanHs hpazoyumapHoi ma 3a cneKkmpom npo-
0YKOBAHUX YUMOKIHI6 NPOOEMOHCMPOBAHO, U0 BEEOCHHS.
Memapopminy 6 kombinayii 3 B. animalis subsp. lactis BB-
12 cnpusie noagpusayii Mg 3a 00num 3 niomunie M2.
Hamomicmob, kombinosaHe eeedenus memgopminy ma
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L. rhamnosus GG cnpusie noaspuzauii Mg 3a munom
M1, na wo éxazyrome mpueane 30epedceHHs YUMOMOK -
cuunoi akmuenocmi M, ix 30amuocmi do npodykuii
sucoxux pieniec NO, ADK ma TNFa, na mai 3nuxice-
Hoi haeoyumapnoi akmuenocmi ma npoodykuyii IJI-10.
Kombinosane 66edents memgopminy 3 6axkmepiarvHumu
npenapamamu (ase He Mem@OPMIHY OKpPeMo) CRPUSAO
2anvmyeantio pocmy nyxaunu va 56,2% (B. animalis +
memaepopmin) ma 62,0% (L. rhamnosus + mempopmin).
O6’em nyxaunu 006epHeHo Kopearsas i3 cnieGiOHOUEeHHAM
NO/Arg abo yumomokcuunoro axkmugHicmro Me (xoeghi-
yienm kopeasyii (r) cmanogue, eionogiono, —0,785 ma
—0,742, p<0,05 6 060x éunaodkax). Bucnoeox: xomoi-
Hayis mem@opminy 3 6aKkmepiarbHuUMu npenapamamu
Cymmeeo He 3MiHI08AAA 8NAUE OAKMEPIANbHUX npena-
pamie Ha noaspusayiiinuii cman Mdh i mara eupaice-
HUll npomunyxaurHuil epexm. Ompumanuii pezyrbmam

8KA3YE HA NePCNeKMUBHICINb 3aCMOCYBAHHSA KOMOIHAYIT
Memeopminy 3 baKkmepiarbHuUMU Npenapamamu 015 yi-
NecnpIMo8aHoi iMyHoKopeuyii, no0oAaHHs NYXAUHOONOCe-
pedkosanoi imyHocynpecii ma 30inbuleHHs egpeKmMuHoCmi
NIKYBAHHSA OHKON0IMHUX 3AX80PHBAHD.

KunmouoBi cnosa: kapuuHoma Epnixa, B. animalis
subsp. lactis BB-12, L. rhamnosus GG, MmeTdopMiH,
Makpodaru, NoJsipu3aliiHuil cTaH, TPOTUITYXJIMHHA
e(PeKTUBHICTb.
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