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Modern methods of preserving honey bees focus on increas-
ing their viability, feeding level and productivity development during
different growth periods. There is a tendency to use new effective
remedies of natural origin. Their action mechanisms differ from
synthetic substances and drugs due to the activation of the body’s
protective reactions at the physiological level. The probiotic Lacto-
bacillus casei IMV B-7280 has an effective stimulating effect on
physiological processes in bees under various environmental and
experimental conditions. The physiological effect of this probiotic
is associated with normalizing of the intestinal bacterial microflora
and participation in modulating body’s protective reactions.
The resistance of honey bees also depends on mineral nutrition,
which affects metabolic processes at the tissue, organ and system
levels and determines the vitality and resistance of the organism.
Mineral elements are involved in protein, lipid, carbohydrate and
energy metabolism, they activate enzyme systems. Therefore,
the aim of the research was to determine the effect of the pro-
biotic L. casei B-7280 in combination with different doses of Ge
nanotechnological citrate (NTC) on the lipid composition and perox-
idation products content in bees’ tissues. Bees of the control group
were fed 60% sugar syrup (SS) in the amount of 1 cm?3/group/day.
The bees of the first experimental group (R1) were fed 1 cm® of
SS, 0.1 ug of Ge NTC and a solution of probiotic L. casei B-7280
(10¢ cells/cm3); the second experimental group (R2) received
0.2 ug of Ge citrate and probiotic L. casei B-7280 (108 cells/cm?).
The feeding duration was 34 days. It was established that feeding
sugar syrup, L. casei and different doses of Ge citrate increased
the content of phospholipids, mono- and diacylglycerols in the R2
group, cholesterol esterification in the R1 group, and decreased
free cholesterol, non-esterified fatty acids compared to the K group
and P period. The results indicate a dose-dependent effect of Ge
NTC on lipid metabolism in body tissue homogenates. There was
an increase in the triacylglycerols level in the lipids in all groups
during the experimental period. The biological effect of nano-
technological Ge citrate and L. casei cause a decrease of lipid
peroxidation processes in bees of the experimental groups.
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tion products

Acknowledgements:
None.
@ Attribution 4.0 International
(CCBY 4.0)
20

bionozis meapuH, 2023, 1. 25, N@1



Pylypets A. Z., Spivak M. Ya., Fedoruk R. S. et al.

Lipid composition and peroxidation products in bees under the action of Ge citrate and probiotic

Introduction

In addition to beekeeping products, the honeybee
(Apis mellifera) plays an essential role in preserving bio-
diversity, ecosystem stability, and agricultural production
by pollinating entomophilous plants, which increases
its yield. In recent decades, the honeybee population’s
significant losses have threatened the ecosystem and
the country’s food security. Under these conditions,
researchers and beekeepers pay special attention to
factors that worsen the body’s resistance, the func-
tional state of its systems, and the productivity of bees.
Therefore, the scientific support of modern beekeeping
is aimed at obtaining safe ecological products, develop-
ing means and methods for stimulating reproduction,
increasing the resistance of bees to various pathogens,
and protecting them from adverse environmental condi-
tions [21]. It has been shown that the influence of abiotic,
biotic origin, and anthropogenic activity disrupts physio-
logical processes in the body of A. mellifera, suppressing
the antioxidant and immune systems, which leads to
the death of entire colonies [1, 19, 29].

Therefore, today, an extremely urgent task is to find
new means and BARs for activating the protective sys-
tems of the honeybee and to find out the mechanisms of
their beneficial effects. The honeybee’s defense respons-
es include cellular and humoral responses that combine
interconnected systems, including antibacterial peptides,
hemagglutinins, phenoloxidase, and antioxidant systems
(AOS). Under normal conditions, there is a balance be-
tween the generation of reactive oxygen species (ROS)
and antioxidant processes. Oxidative stress occurs when
the dynamic balance between the formation of ROS ex-
ceeds the ability of antioxidant protection to remove the
toxic substances formed. Many studies have linked oxi-
dative stress to stressors affecting honeybee health and
colony productivity. Low temperature, high flight activity,
pathogenic microorganisms in hives, and pesticides used
to control pests on various crops disrupt the oxidative
homeostasis of honeybees [25, 27].

Deterioration of the forage base or its sudden change
is one factor that negatively affects the health of bees
and the development of colonies and can cause their
death [14, 33]. A deficiency of feed or a slight violation
of the component composition can weaken the AOS,
detoxification, and immune systems of bees, resulting
in their body becoming more vulnerable to chemical plant
protection drugs and diseases of various etiologies.

These factors contribute to the excessive generation
of ROS in the body of bees, which leads to the develop-
ment of oxidative stress [17]. Reactive oxygen species
can react with polyunsaturated fatty acids of lipid mem-
branes and induce lipid peroxidation (LPO), affecting cell
membranes’ physiological function. The final product
of these reactions is malondialdehyde (MDA), a marker of
LPO and, as a result, the oxidative stress. Therefore,
there is a trend of active study of new effective means
of natural origin to fight diseases and improve honey
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bees’ health, which helps to avoid many side effects.
It has been proven that the mechanisms of their ac-
tion differ from synthetic substances and drugs due to
the activation of the body’s protective reactions at the
physiological level [9, 11, 32].

Research on the physiological justification of the use
of probiotics, the antibacterial and antifungal properties
of which are due to high antagonistic activity against
a wide range of pathogenic and conditionally pathogenic
microorganisms, and the possibility of their synergistic
combination with microelements, deserve special atten-
tion in the system of prevention of bee diseases [21, 24].

It is known that a well-balanced structure of the intes-
tinal bacterial microflora of honey bees is the basis for
their physiological growth, development, reproduction,
strengthening of the immune response, and resistance
to the action of pathogens [4, 21].

The probiotic Lactobacillus casei IMV B-7280 is char-
acterized by an excellent therapeutic effect in various
experimental infectious-inflammatory models [8, 23, 24].
The physiological effect of this probiotic is associated with
the normalization of the intestinal bacterial microflora and
participation in the modulation of inflammatory reactions.
In the gastrointestinal tract, probiotics exert both a direct
effect on pathogenic and conditionally pathogenic micro-
organisms and an indirect effect by activating specific and
nonspecific protective systems of the body [8, 21].

It is known that the vital activity of the organism of
honey bees also depends on mineral nutrition, which af-
fects metabolic processes at the level of tissues, organs,
and systems and affects the vitality and resistance of
the organism [7, 22]. They participate in protein, lipid,
carbohydrate, and mineral metabolism, activate enzyme
systems, etc. Literary data indicate the possibility of using
biotic trace elements produced by nanotechnology
as highly active compounds in animal husbandry and
veterinary medicine [3, 7, 20].

Adding some elements to bee feed, as metabolic
stimulators of organic and inorganic origin, introduced in
different doses, affects the correction of physiological and
biochemical processes and increases their productivity
and resistance [11, 20, 36]. Such mineral components
include Co, Ge, Se, Cr, Ni, and others. The results of
previous studies of the Institute of Animal Biology NAAS
using citrates of certain microelements and probiotics
[21, 31] provide a theoretical basis for developing new
nano- and biotechnological means and drugs to increase
the resistance and reproduction of bees. The effect
of various amounts of mineral and organic compounds
obtained based on nanotechnological citrates on the
metabolic processes of the bees’ bodies was clarified.
Several works were published based on the research
results [7, 9, 19, 20]. It has been established that adding
nanocarboxylates of biotic elements is more effective than
their mineral salts in bee feeding [21]. However, the bio-
logical effect of the newly synthesized nanotechnological
mineral element Ge in combination with probiotic prepara-
tions of the L. casei B-7280 class has not been studied.
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In connection with the purpose mentioned above of
the research, we determined the effect of the probiotic
drug Lastobasillus casei IMV B-7280 in combination with
different doses of germanium citrate on the lipid compo-
sition and the content of lipid peroxidation products in
the bees body.

Materials and Methods

Conducting the research

The research was conducted on the Carpathian
breed honey bees, selected from the laboratory apiary
of the Institute of Animal Biology NAAS. The research
used the lyophilized probiotic strain Lactobacillus casei
IMV B-7280, which was isolated in the department of
problems of interferon and immunomodulators from the
associated culture of biological material and deposited
in the Ukrainian Collection of Microorganisms of the
Zabolotny Institute of Microbiology and Virology NAS of
Ukraine. The research was carried out under the condi-
tions of a laboratory thermostat on three bee colonies,
similar in weight, colony strength, and queen age. From
this, 50-60 bees were selected and formed into three
groups. Bees of the control and experimental groups
were kept in cages-containers with a volume of 4 dm?in
similar conditions of a TC-80M-3 laboratory thermostat
with microventilation at a temperature of 30° C and hu-
midity of 74—76% during the study.

Bees of the control (C) group were fed 60% sugar
syrup (SS) in 1 cm?/group/day. Experimental 1 group
of bees (R1) in addition to 1 cm?® of sugar syrup re-
ceived 0.1 ug of Ge in the form of nanotechnological
citrate (NTC) [18] and a solution of the probiotic L. casei
B-7280 at a concentration of 108 cells/cm?3; experimental
group 2 of bees (R2) additionally received 0.2 ug of Ge
in the form of citrate and the probiotic L. casei B-7280
at a concentration of 10° cells/cm3.

The duration of drinking SS, Ge citrate, and probiotic
is 34 days. In the preparatory period (P), as well as on
the 34" day of the experimental period, live bees were
selected from the control and experimental groups for
physiological and biochemical studies to determine the
content of total lipids and the ratio of their classes and
products of lipid peroxidation in tissue homogenates
of the entire organism.

Obtaining total lipids

Homogenized tissue (1 g) was extracted with 20 cm?
of a mixture of chloroform-methanol in a ratio of 2 : 1 (v/v)
according to the Folch method [13]. A solution of 4 cm?
of an aqueous solution of 0.74% KCI was added to each
sample of lipid extract. After 24 h, the upper phase con-
taining hydrophobic peptides was removed with a water
pump, and the lower phase containing lipids was filtered
(deashed filter, blue ribbon). Lipid extracts were evap-
orated to dryness, weighed on an analytical balance,
and calculated in mg/g.
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Separation of lipids into classes

Separation of lipids into classes was carried out by the
method of thin-layer chromatography on silica gel (silica
gel L 5/40y, LSL 5/40u, Chemapol, Czech Repubilic), the
mobile phase was hexane-diethyl ether-glacial acetic acid
in a ratio of 70 : 30 : 1 (v/v/v). Lipid classes were shown
in crystalline iodine vapors. Rf values identified lipids.
Quantitative analysis and calculation of the content of
individual classes of lipids were performed by computer
processing of phorograms using TotalLab TL 120 soft-
ware (Nonlinear Dynamics Limited, UK) and expressed
as a percentage of the total amount.

Determination of lipid peroxidation products

To prepare a homogenate of tissues of the entire body
of honey bees of the control and experimental groups,
they were ground and formed into three parallel samples.
A group of bees weighing 0.5 g was homogenized with
physiological saline in a ratio of 1 : 5 using a homogeniz-
er (Homogenizer Type 302, Poland) on ice. The samples
were centrifuged at 3000 g for 5 minutes. The supernatant
was used to measure the content of lipid peroxidation prod-
ucts further [35] in bee tissues on the 34" day of SS,
Ge citrate, and probiotic use.

Determination of TBA reactive substances (MDA)
The basis of the method is the reaction between MDA
and thiobarbituric acid (TBA), which at high temperatures
and in an acidic environment forms a trimethine complex
containing one MDA molecule and two TBA molecules.
5 cm? of 20% phosphotungstic acid was added to 0.5 cm?
of the prepared homogenate. The tubes were closed,
mixed, and left in the cold for 15 min, then centrifuged at
t 4 C for 15 min at 2500 rpm. The supematant liquid was
drained, and 2 cm?® of H,O and 1 cm? of 0.8% TBA were
added to the precipitate, mixed, covered, and incubated for
1 hin a heated bath at 100°C, then cooled in running water
and centrifuged for 10 min at 6000 rpm. In the centrifuge,
the optical density was measured on a spectrophotometer
at 535 and 580 nm to prevent the absorption of stained
complexes by TBA substances of non-lipid origin.

Determination of lipid hydroperoxide content

The precipitation of proteins determines lipid hydro-
peroxides’ content in biological material with a solution of
trichloroacetic acid and extraction of lipids with ethanol,
followed by the interaction of the studied extracts with
ammonium thiocyanate. 2.8 cm? of ethanol and 0.05 cm?®
of a 50% TChA solution were added to 0.2 cm?® of the
homogenate. The test tube was closed and shaken for
5-6 min. The resulting protein precipitate was isolated by
centrifugation for 10 min at 3000 rpm. 1.5 cm? of the etha-
nol extract was taken and brought up to 2.7 cm? with eth-
anol, shaken, and 0.02 cm?® of conc. HCI and 0.03 cm?® of
a 1% solution of Mohr’s salt in a 3% solution of HCI. It was
shaken, and after 30 s, 0.2 cm?® of 20% ammonium thiocy-
anate was added. The optical density was measured for
10 min after adding ammonium thiocyanate on a spectro-
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photometer at a wavelength 480 nm. The control sample
was placed as a test sample, but 0.2 cm? of bidistilled
water was taken instead of the homogenate.

No vertebrate animals were used in the experiments.

Statistical analysis

All obtained digital data were processed using the Sta-
tistica computer program using the method of variational
statistics and the Excel program from the Microsoft Office
2007 and 2010 service packages. Differences between
groups were considered statistically significant at P<0.05.

Results and Discussion

The analysis of the obtained research results indi-
cates that the content of total lipids and the relative ra-
tio of lipid classes in homogenates of body tissues of
bees of the experimental groups changed compared
to both the control group and the preparatory period
(fig. 1, table).

An increase in the content of total lipids in the R1 and
R2 groups was found, respectively, by 11.14% (P<0.05)
and 7.65% (P<0.05) compared to the preparatory peri-
od (fig. 1). A significant increase in total lipids may indi-
cate the stimulating effect of applied doses of Ge citrate
and L. casei B-7280 on their exchange and synthesis
in the tissues of honey bees. However, the absence
of potential differences in the content of total lipids may
indicate a minor effect of Ge in the form of citrate and
the pH of the probiotic L. casei B-7280 on the synthesis
and deposition of lipids in the body of bees.

It has been proven that the central mass of lipids in the
body of bees comes from the alimentary canal and is de-
posited in the fat body. The chemical composition of these
reserve fats depends on both the feed’s composition and
the body’s physiological state [6].

Our research revealed changes in the ratio of lip-
id classes in bees’ body tissues. In particular, such
changes concern phospholipids, mono- and diacylglyc-
erol (MDAG), free cholesterol, non-esterified fatty acids
(NEFA), triacylglycerol, and esterified cholesterol (table).
Phospholipids make up 24-28% of the total amount of
lipids and predominate in the bees’ body tissues in the
control and experimental groups. In bees’ body tissues
homogenates of R1 and R2 groups, an increase in the
phospholipids relative content compared to bees of the
preparatory period and the control group was estab-
lished by 16.79% and 17.08% (P<0.05) and 15.73%
and 16.02% (P<0.05), respectively.

This class of lipids may be more synthesized in the
body of bees under the action of NTC Ge and L. ca-
sei to enhance the functions of lipid membranes. It is
known that the fatty acid composition of phospholipids
of cell membranes is the main factor affecting the inten-
sity of the transition of fatty acid nutritional components,
through their active and passive transport, into bee tis-
sues. In turn, the functioning of their nervous, immune,
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Table. Fractional composition of total lipids
in bee body, % (M+SE, n=5)

Groups
Lipid cl
ipid classes P K R1 R2
- 2412+ 24.34+ 28.17+ 28.24+
PITEEINEITIERE +0.74 038  +051*  +057*
Mono- and 16.84+ 15.76+ 15.45+ 19.69+
triacylglycerols 0,74 +0.49 +0.61 +1.01#
16.44+ 16.64+ 11.77x 11.55+
Free cholesterol +0.27 +0.50 +0.62°* +0 437
Non-esterified 16.14+ 14.56+ 11.33+ 11.27+
fatty acids +0.60 +0.57 +0.38# +0.82#
. 13.98+ 16.46+ 14.33% 15.89+
TEGEIEIRE | ey +053  +037¢  +0.37°
Esterified 12.49+ 12.24+ 18.95+ 13.36+
cholesterol +0.86 +0.57 +0.55* +0.87

Note. In the table and the fig. 1: *— P<0.05, ** — P<0.01, *** — P<0.001:
significant differences between the preparatory and experimental
periods by groups. # — P<0.05, # — P<0.01, #* — P<0.001:
significant differences between control and experimental groups.

and reproductive systems and the oxidation process
depends on the content of phospholipids and their fatty
acid composition in bee tissues.

It should be noted that membrane phospholipids
are necessary to stabilize the aggregation and confor-
mation of individual components in enzymatic protein
complexes and create a hydrophobic environment to
form a continuous structure with all the properties in-
herent to them [16].

An increase in the MDAG fraction in the R2 group
by 16.92% (P<0.05) concerning the preparatory period
and by 24.94% (P<0.01) in the control group was also
established. It is known that the lipid transport system is
a feature of fat metabolism in bees. The main feed lipids
in the body of bees are transformed into diacylglycerols,
performing, like glucose, the function of energy supply.
Therefore, the increase in the level of MDA in the tissues
of the body of bees of the R2 group may indicate a more
intensive energy supply of their tissues due to the addi-
tion of 0.2 ug of Ge in the form of citrate and the pH pro-
biotic L. casei B-7280 at a concentration of 108 cell/cm?
to the sugar syrup.

*
*

—H

n
©
1
-
*
=

Total lipids, mg/g
S
1
—

23 T T
Preparation period Control group

T 1
1t experimental group 2 experimental group

Fig. 1. Content of total lipids in homogenates of bee body tissues
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The content of free cholesterol decreased in bees
of R1 and R2 groups by 28.41% (P<0.05) and 29.74%
(P<0.001) concerning the preparatory period and by
29.27% (P<0.05) and 30.59% (P<0.001) relative to the
control group. The supply of Ge citrate in the body of
bees contributes to the reduction of free cholesterol by
increasing its use in metabolic reactions. Perhaps cho-
lesterol is used to synthesize vitellogenin in the choles-
terol-hydroxyecdysone-Vg pathway in trophocytes and
enocytes of worker bees [12, 26].

Adecrease in the content of NEFAin bees of R1 and R2
groups was established by 29.80% and 30.17% (P<0.05)
concerning the preparatory period and by 22.18% and
22.60% (P<0.05) relative to the control group. The ob-
tained data on the content of non-esterified fatty acids in
the lipids of the tissues of bees of the experimental groups
indicate the activation of lipolysis processes in the body
of bees of these groups since a significant decrease in
the relative content of non-esterified fatty acids, as pre-
cursors of lipid synthesis, was established compared
to the control. It is known that lipolysis is physiologically
reduced to maintaining the homeostatic concentrations of
individual lipid components necessary for aerobic cellular
respiration and the formation of PUFA to compensate
for the energy needs of tissues in bees [31].

The content of esterified cholesterol increased only in
R1 group by 51.72% (P<0.05) during the preparatory pe-
riod and by 54.82% (P<0.05) following the control group.
The increase in the content of cholesterol ethers in the
tissues of bees in the first research group may indicate
a higher antilipolytic activity of enzymes that regulate the
process of its esterification under the action of SS and
0.1 ug of Ge citrate and the pH of the probiotic L. casei
B-7280 at a concentration of 10° cell/lcm?® and no such
effect at a higher dose of Ge citrate.

An increase in the content of triacylglycerols in the R2
group by 15.89% (P<0.05) concerning the preparatory
period and a decrease by 12.94% (P<0.05) compared
to the control group was established. This indicates the
optimizing effect of complex feeding of bees with SS and
a dose of 0.2 ug of Ge citrate and pH probiotic L. casei

T
0.9 T I
0.8
E
3 0.7
1S
50.6- *EE
c T
£ 05 I
S
o
0 0.4
<
m 0.3
=
2024
0.1+
0 T T 1

Control group 1+ experimental group 2" experimental group

Fig. 2. Content of TBARS in homogenates of bee body tissues

B-7280 at a 10° cell/lcm?® concentration and the absence
of such an effect with a Ge citrate lower dose.

It is known that active forms of oxygen are formed due
to aerobic respiration and oxidation of substrates. In body
cells exposed to various stresses, the production of reac-
tive oxygen species increases, which directly affect en-
zymes and damage cells [34]. At the same time, an anal-
ysis of the literature shows that Germanium promotes the
removal of toxins from the body and neutralizes the neg-
ative impact of environmental factors, has a wide range
of biological effects, which confirm our results [10], and
prevents aging and cell death. This element is essential
in forming the body’s resistance and can restore and
prevent many diseases [10].

Malondialdehyde is one of the end products of the per-
oxidation of polyunsaturated fatty acids in cells. An increase
in the content of free radicals causes excessive production
of MDA. The malondialdehyde level is a marker of oxi-
dative stress and the body’s antioxidant status [30].

Excessive activation of LPO processes with reduced
activity of the body’s antioxidant system can lead to
significant pathological changes, primarily accompa-
nied by damage to subcellular and cellular membranes.
LPO products cause disruption of not only lipid bonds
in biomembranes and their protein component — due
to binding with amine groups, which leads to disruption
of protein-lipid interaction. Free radical oxidation of lipids
causes changes in fiber elasticity and initiates fibroplastic
processes and collagen aging [2, 15].

As a result of the conducted studies, it was estab-
lished that in the homogenates of bee body tissues,
the concentration of lipid hydroperoxides in the R2 ex-
perimental group decreased by 16.67% (P<0.05) and
TBARS by 41.85% (P<0.001) compared to the control
group (fig. 2, 3).

These results indicate the antioxidant effect of Ge ci-
trate in the body of bees in the applied doses, which was
accompanied by a decrease in the content of TBARS
(MDA) and lipid hydroperoxides in homogenates of bee
body tissues of all experimental groups, which is consis-
tent with the data of other authors [5, 9, 28].

w
]

HH

N
[,
Il

H

HH*

- o N
| | |

The lipid hydroperoxide content, SU/ml
g

o

Control group 1 experimental group 2 experimental group

Fig. 3. Content of lipid hydroperoxides in homogenates of bee body tissues

Note. In these figures: * — P<0.05, ** — P<0.01, *** — P<0.001 — significant differences between the control and experimental periods by groups.
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Conclusions

Supplementation of bees with NTC Ge at a dose of
0.1 and 0.2 pg/ml sugar syrup and 108 cell/cm? sugar
syrup of L. casei was characterized by differences
in the distribution of individual classes of lipids in
homogenates of body tissues with a higher relative
content of phospholipids, mono- and diacylglycerols
(only in R2 group), of esterified cholesterol (R1), but
a decrease in free cholesterol, NEFA compared to the
control group and the experimental period, which in-
dicates a dose-dependent effect of NTC Ge on lipid
metabolism. An increase in the level of triacylglycerols
in the lipids of bee tissues of all groups during the ex-
perimental period was noted.

The biological effect of nanotechnological Ge citrate
and L. casei led to a decrease in the lipid peroxidation
processes (lipid hydroperoxides, TBARS) in the body
tissues of the bees of the experimental groups com-
pared to the control group under the action of a higher
dose of Ge citrate.
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NMinigHun cknag Ta NPOAYKTU NepPeKUCHOro OKUCHEeHHSA TKaHUH opraHiamy 64kin
3a BNJMBY Pi3HUX 003 HaHOTexHornoriyHoro uutpaTty Ge Ta npo6ioTtuka Lactobacillus casei B-7280

A. 3. Mununeus’, M. 1. Cnisak?, P. C. ®edopyk!, M. M. Llar’, I. I. Kosaneuyk'3, M. M. PomaHosuy!
pylyp-andriy@ukr.net

"IHcTuTyT Gionorii TBAapuH HAAH,

Byn. B. Ctyca, 38, M. JlbBiB, 79034, YkpaiHa

2lncTuTyT Mikpobionorii i Bipyconorii imeHi [1. K. 3a6onotHoro HAH Ykpaihu,

Byn. Akagemika 3abonotHoro, Kuig, 03143, YkpaiHa

3[IbBIBCbKMIA HaLiOHaNbHUIA YHIBEPCUTET BETEPMHAPHOT MeauLmHK Ta GioTexHonoril imeHi C.3. IX1LBKOrO,
Byn. MNekapcbka 50, m. JbBiB, 79010, YkpaiHa

3acTocyBaHHs cyvacHux 3acobiB 36epekeHHs MegoHOCHMX BKIN CnpsiMoBaHe Ha NiABULLEHHS TX XKUTTE3AATHOCTI, PIBHSI XXUBIEHHS
Ta NPOAYKTMBHOCTI Yy pi3Hi nepioan po3suTky. Big3aHayeHo TeHAEeHLio [0 BUKOPUCTaHHSA HOBUX epeKTUBHUX 3acobiB HaTypanbHoOro
MOXOMPKEHHS!, MEXaHI3MK Aji SIKUX Biapi3HATLCS Bif CUHTETUYHMX PEYHOBWH | NpenapaTiB 3a paxyHOK akTUBaLlii 3aXUCHUX peakLiin opraHismy
Ha cpigiororiyHomy piBHi. MpobioTuk Lactobacillus casei IMV B-7280 mae ecbekTMBHY CTUMYTIOBaribHy Aito Ha dhidionoriyHi npoLieck 3a pisHux
€KOrMOriYHNX Ta EKCNEPUMEHTANBHUX YMOB XUTTeAiANbHOCTI 6opxin. disionoriyHni BNnmB Lboro npobioTuka NoB’si3aHMiA 3 Hopmarisadieto
KMLLKOBOI BakTepianbHOi Mikpodhriopu Ta y4acTio B MOgynsLii 3aXMCHUX peakuiin opraHiamy. OnipHIiCTe MEAOHOCHMX GKIN TaKoX 3anexuTb
Bi MiHEpanNbHOrO XMBMEHHS, LLO BMNMBa€E HAa 0OMiHHI NPOLIECU Ha PiBHI TKAHWH, OpPraHiB i CUCTEM Ta BU3HAYa€E XUTTE3OATHICTb i pe3uc-
TEHTHICTb opraHiamy. MiHepanbHi enemeHTV 6epyTb y4acTb y GinkoBomy, ninigHoMy, BYrneBOAHOMY Ta EHEPreTMYHOMY OBMIHaX, aKTUBYHOTb
depMeHTHi cuctemun. ToMy MeToto AocnifkeHb 6yno BU3Ha4YeHHs BNnuBy npobioTuyHoro npenaparty knacy L. casei B-7280 y noegHaHHi
3 pi3HMMK fo3amu HaHoTexHororivHoro uuTtpaty (HTL) Ge Ha ninigHuin cknag, Ta BMICT NPOAYKTIB NEPEKUCHOTO OKUCHEHHS Y TKaHUHax
opraHiamy 6axin. Bokonm KOHTponLHOI rpynu oTpumyBany nigrogiento 3 60% Lykposoro cupony (LIC) B kinbkocTi 1 mn/rpyny/no6y. MepLua
pocnigHa rpyna (E1) 6mxin gopatkoBo Ao 1 mn Lykposoro cvpony oTpumysana 0,1 mkr Ge y BUrnsiAi HAHOTEXHOMOTIYHOTO LMTpaTy Ta pos-
4mH npobioTuka L. casei B-7280 y koHueHTpauii 106 KYO/mn; gpyra gocnigHa (E2) — 0,2 mkr Ge y BUrnsaj umtpary Ta npobioTuk L. casei
B-7280 y koHueHTpauii 106 KYO/mn. TpusanicTb BUMMNOKOBaHHS LiykpoBoro cupony, Ge uutparty Ta npobiotuka — 34 aHi. BctaHoBneHo, wo
nigroajisns 6mxin LykpoBuM cupornomM, L. casei 108 KYO/mn Ta pisHuMmn gosamu Ge umTpaTy XxapakrepuayBanach BULLMM BifHOCHAM BMiCTOM
docconinigis, MoHo- i Anaumnmmiueponis B E2 rpyni Ta eTepudikoBaHoro xornectepony — B E1, ane 3HmwKeHHAM BiNMbHOMO xonecreporny,
HeeTepudIiKOBAHNX XXMPHUX KUCNOT CTOCOBHO KOHTPOSLHOI rpynn i gocnigHoro nepiogy. Lli peaynsraty BkasdytoTb Ha 40303aNeXHW BNvB
HaHoTexHorori4YHoro umTpaty Ge Ha 06MiH MinigjB B roMmoreHaTax TKaHUH opraHiaMy. BigsHaueHo nigsuLLieHHs piBHSA Tpyauvnrmileponis y ni-
nigax TkaHuH 6opkin BCix rpyn y gocnigHvn nepiod. bionorivHni BNnvB HaHOTEXHONOTYHOrO LumTpaty Ge i L. casei 3yMOBMIOBaB y TKAHUHAX
opraHiamy 64xin gocnigHux rpyn 3HWXKeHHs piBHs NpoLeciB nepokcuaadii ninigis 3a aii Buwoi nosm umtpaty Ge.
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