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Abstract

Probiotics, in particular Lactobacillus (lactic acid bacteria, LAB) strains, are widely used in clinical practice. Despite that these
probiotics have GRAS (generally regarded as safe) and qualified presumption of safety (QPS) statuses, the safety of particular
strains still needs to be thoroughly studied. The aim of the study was to evaluate the safety of Lact. casei IMV B-7280 strain by
investigating toxicity and the effects on gut microbiota in experimental animal model. Male BALB/c mice (7-8 weeks, weight
20-24 g) were treated with amounts of Lact. casei IMV B-7280 strain: 5 x 10°%, 5 x 10%, or 5 x 10° CFU/animal once per day
during 7 days, or in the amount of 1 x 10'® CFU/animal once per day during 3 days (most of the proposed probiotic doses for
humans—from 10% to 10° CFU) and monitored during 14 days. Blood tests and serum biochemistry were conducted; the cecal
content from mice of the experimental and control groups were freshly collected and analyzed. At the end of the experiments
(15th day), the presence of LAB in the heart, liver, kidney, and mesenteric lymph nodes and peripheral blood was determined,;
histology of the brain, liver, heart, fragments of the small and large intestine, and mesenteric lymph nodes was conducted. Sur-
vival rate of BALB/c mice treated with Lact. casei IMV B-7280 strain in different concentrations in toxicity experiments during
14 days was 100%. We observed no signs of toxicity as changes in gait, lethargy, sleep, somatomotor activity as well as changes
in fur, eyes, skin and mucous membranes, tremors, behavior pattern, convulsions, salivation, diarrhea, and local injuries in mice
from all experimental groups. After administration of probiotic strain, the number of opportunistic bacteria in cecal contents,
such as Staphylococcus spp., Candida spp., Pseudomonas spp., and total aerobic and optionally anaerobic bacteria decreased
compared to controls; the population of beneficial bacteria such as lactobacilli increased in cecal contents of these mice. LAB
were not detected in the peripheral blood, heart, liver, kidneys, and mesenteric lymph nodes after administration of this strain
to intact mice. Lact. casei IMV B-7280 strain is safe at dose up to 10'® CFU/animal during 3- and 7-day oral administration to
mice and has a positive effect on the gut microbiota composition; it could be potentially considered as safe probiotic for humans.
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Introduction

Probiotics, in particular Lactobacillus (lactic acid bacteria,
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in children) [4-9]. The effectiveness of probiotic therapy has
also been proven in various experimental models in animals:
experimental acute pancreatitis [10], necrotic enterocolitis
[11], obesity [12], and staphylococcal infection [13].

At the same time, various clinical and experimental studies
have shown limited efficacy or even ineffectiveness of probi-
otic therapy [14-21] due primarily to the fact that only a small
number of living probiotic microorganisms can survive in the
intestine; further, they do not integrate into biofilms and do
not perform their physiological functions or have side effects.
It is suggested that the optimal positive effect of probiotics
will depend on the individual features of the quantitative and
qualitative composition of the gut microbiota and the clinical
manifestations of each specific disease. Therefore, in order
to increase the effectiveness of probiotic therapy, it is recom-
mended to create probiotics that are specific to each individual
disease [22], as well as to introduce into the clinical practice
rational schemes of their personalized use [23], taking into
account their safety, optimal dosage regimens, and duration
of probiotic therapy and the severity of the pathological pro-
cess, the level of dysbiotic and immune disorders as well as a
rational way of their administration (oral, rectal, vaginal). The
main criteria for the development of probiotics are their quality
(qualitative and quantitative composition of probiotic cultures,
confirmed by microbiological analysis and genotyping) as well
as efficiency and safety, confirmed in experimental studies, and
positive results of their use in clinical practice.

According to the regulations of the World Health Organiza-
tion (WHO) and the Food and Drug Administration (FDA),
despite that probiotics are primarily representatives of the gen-
era Lactococcus and Lactobacillus and have GRAS (generally
regarded as safe) status, their safety must still be confirmed
[24, 25]. The several theoretical concepts regarding the safety
of probiotic therapy can be formulated: (1) the development of
local or systemic infections, including bacteremia, fungemia,
meningitis, endocarditis, etc.; (2) the occurrence of metabolic
and toxic disorders (e.g., invasion of epithelial cells, degrada-
tion of the intestinal layer of mucin, production of toxins, etc.);
(3) transfer of plasmids containing antibiotic resistance genes
and virulence factors into the gut microbiota resulting in the for-
mation of new clones of bacterial strains; (4) excessive stimula-
tion of the immune system in susceptible individuals [3, 6, 24,
25, 25-30], which threatens human health.

The Guidelines for the Evaluation of Probiotics in Foods,
adopted jointly by the FAO and WHO Working Groups in 2002
set out key principles for the assessment of probiotics in food
[31], which provide the identification of bacteria by phenotypic
and genotypic methods (determination of bacteria genus, spe-
cies, strain) and their deposition in the international collection of
microorganisms; determination of functional properties in vitro
and in vivo using animal models; assessment of in vitro and
in vivo safety using animal models as well as in clinical stud-
ies; conducting double-blind, randomized placebo-controlled

clinical trials; conducting prolonged observations after probiotic
therapy; determination of their side effects.

The evaluation of the safety of probiotic cultures is car-
ried out in vitro and in vivo. Animal models are widely used
in the study of safety of probiotic cultures in vivo and most
often—different lines of immunodeficient animals (includ-
ing gnotobiotic animals) [32].

The European Food Safety Authority (EFSA) in Europe
have granted a number of Lactobacillus species (36 species
up to date, including Lact. casei) for qualified presumption of
safety (QPS) status based on their safety evaluation criteria [33].

Sequenced original Lactobacillus casei IMV B-7280 (Lact.
casei IMV B-7280) strain with the probiotic attributes, depos-
ited in the Depository of Microorganisms of Zabolotny Insti-
tute of Microbiology and Virology of NAS of Ukraine, is non-
pathogenic, genetically homogeneous. It was not susceptible
to mutagenic effects and genetic transformations. Its tinctorial,
cultural-morphological, and biochemical properties, sensitivity
to antibiotics, and adhesion to epitheliocytes have already been
determined [34]. Antibacterial efficacy against a wide range of
pathogenic and opportunistic microorganisms, immunomodu-
latory, anti-inflammatory, and hypocholesterolemic properties
has been demonstrated in vitro and in vivo in animal experi-
mental models [34, 35]. Lact. casei IMV B-7280 is promising
probiotic strain for the clinical use, yet has no history of safe
use as a component of probiotics or functional foods. Therefore,
the safety of this LAB strain should be thoroughly investigated.

In this context, the aim of the current study was to esti-
mate the safety of Lact. casei IMV B-7280 strain by inves-
tigating its acute and subchronic toxicity and its effect on
cecal microbiota in experimental animal model.

Materials and Methods
Probiotic Bacteria Culture

The lyophilized (Cuddon Freeze Dryer FD1500, New Zealand)
probiotic Lact. casei IMV B-7280 was used in our studies as a
stock culture. Briefly, the lyophilized culture of Lact. casei IMV
B-7280 strain was cultured in De Man, Rogosa, and Sharpe
(MRS) medium (Merck, Darmstadt, Germany) and incubated
for 24 h at 37 °C. After incubation, the suspension of this pro-
biotic bacteria was plated to Petri dishes with De Man, Rogosa,
and Sharpe Agar (MRSA) medium (Merck) and its colonies were
investigated and colony forming units (CFU) were counted. Cell
suspensions in normal saline were freshly prepared for use from
the lyophilized stocks every day before gavages to the animals.

Animals

Male BALB/c mice age 7-8 weeks and weighing over
20 g were used for studies of oral toxicity. Animals were
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kept under standard conditions in plastic cages with ade-
quate space and had free access to tap water and standard
rodent diet in a separate room at constant air temperature
(22-25 °C). These animals were quarantined for at least
7 days before the experiments began. The mice were fed at a
fixed time, as ingestion may change animals’ sensitivity to the
effects of the drugs. All our studies have been carried out in
accordance with the Law of Ukraine No 3447-IV “On protec-
tion of animals from cruelty”, “European Convention for the
Protection of vertebrate animals used for experimental and
other scientific purposes” from 18 March 1986 (Strasburg,
1986), and “General ethics for animal experimentation” (First
National Congress on bioethics, Ukraine, 2001).

Scheme of Oral Toxicity Study

The scheme of study of oral toxicity of Lact. casei IMV B-7280
strain in different doses and animal groups presented in Fig. 1.
The joint control group included 12 intact animals (control 1).
In toxicity experiments, animals of the experimental group (12
animals) were given an oral suspension of this LAB strain in
0.15 M NaCl daily using a probe at the maximum tolerable dose
(e.g., 5 x 10'° CFU/animal) once a day (experimental group 1).
The term of administration was 3 days. The maximum tolerable
dose was determined by the results of previous studies and the
analysis of literature data. The standard rodent diet was given to
mice 3 h after treatment with these probiotic bacteria. Animals
of the control group (12 animals) were similarly administered
with 0.15 M NaCl (control 2). Animals were monitored daily
for 14 days. After that, 6 animals from each group were used
for histological analysis of organs and tissues, the remaining 6
animals were monitored for the next 12 months.

Before carrying out animal studies, the doses were
determined as equivalent to the dose received by humans.
The suspension of Lact. casei IMV B-7280 strain was
administered to the animals orally daily in different
amounts—35 X 10° (experimental group 2, 12 animals),
5% 108 (experimental group 3, 12 animals), and 5 x 10°
(experimental group 4, 12 animals) CFU/animal. The
standard rodent diet was given to mice 3 h after treatment
with these probiotic bacteria. The term of administration
was 7 days. Twelve intact mice were orally administered
with 0.15 M NacCl (control 3) during 7 days. The other
control group included 12 intact animals (control 1). Ani-
mals were monitored daily for 14 days. After that, 6 ani-
mals from each group were used for histological analysis
of organs and tissues, the remaining 6 animals were moni-
tored for the next 12 months. Toxicity experiments were
performed simultaneously; therefore, common control
group 1 was used to reduce the number of animals.

All animals were weighed daily for 14 days. Other physical
parameters such as feed intake, and local injuries, and mortality
(if any) were also observed. The signs of toxicity as changes in
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gait, lethargy, sleep, somatomotor activity, as well as changes
in fur, eyes, skin and mucous membranes, tremors, behavior
pattern, convulsions, salivation, and diarrhea were investigated.

The minimum daily dose of Lact. casei IMV B-7280
strain, which was used in the study, was a dose equivalent to
the human daily dose per 1 kg of animal body weight (DD).

We calculated it according to the formula:
DD = ABM x HD /HBM, where ABM is the animal body mass;
HD—dose for human; HBM—human body mass. For mice, this
dose averages 5 x 10° CFU/animal.

Blood Tests and Serum Biochemistry

On the 15th day of the experiment, the animals of experi-
mental and control groups were anesthetized and killed by
cervical dislocation, and hematological and biochemical
studies were conducted. For biochemical analyses, blood
was collected for non-heparinized blood collection tubes.
Blood was centrifuged at 3000xg for 15 min after clot at
room temperature, and serum was collected in Eppendorf
tubes. Serum biochemical parameters were investigated by
colorimetric analysis using specific test systems (Felicit-
Diagnostic, Ukraine) to determine the level of total choles-
terol, alanine aminotransferase (ALT), phosphorus, calcium,
uric acid, iron, total iron-binding ability of serum, and trans-
ferrin saturation. Serum glucose level was examined using a
glucometer (FreeStyle, Abbot Diabetes Care Ltd., England).

For hematological analyses, blood was collected in heparin-
ized blood collection tubes and analyzed using an automated
hematological analyzer (Particle counter PCE-210, Elmer
ERMA INC). Such parameters of blood were investigated as
the leukocytes (WBC), lymphocytes (LY), monocytes (MO),
granulocytes (GR), erythrocytes (RBC) cell count, hemo-
globin (Hgb), hematocrit (HCT), average size of red blood cells
(MCYV), hemoglobin content of red blood cells (MCH), and
mean hemoglobin content of red blood cells, not whole blood
(MCHC), red cell distribution width (RDW), absolute platelet
content (PLT), plasma thromboplastin component (PTC), mean
platelet volume (MPV), and platelet distribution width (PDW).

Histological Analyses

On the 15th day of the experiment, the brain, liver, heart,
fragments of the small and large intestine, mesenteric lymph
nodes, and spleen were received from mice of the experimen-
tal and control groups (6 mice from each group) that were
anesthetized and killed by cervical dislocation. The tissues
were fixed in 10% formalin, washed in water for 20—24 h, and
dehydrated in ethyl alcohol of increasing concentration—50
and 60% for 4-6 h, 70, 80, and 90% for 812 h, as well as
in two portions of absolute ethyl alcohol for 12-24 h. After
that, the samples of tissue were passed through a mixture of
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Fig. 1 The scheme of oral toxicity study of Lact. casei IMV B-7280 strain

absolute ethyl alcohol and chloroform for 2-3 h, immersed in
pure chloroform (twice-thrice for 1.5 h), impregnated initially
with chloroform-paraffin (for 3—6 h at 37 °C), and then in par-
affin (in three portions, for 1-1.5 h). These samples of tissue
were poured into paraffin blocks after complete dehydration,
and histologic sections 5—6 pm thick were prepared on the
microtome. The paraffin sections were freed from paraffin
using a solvent prior to staining, and the obtained prepara-
tions were stained with Ehrlich hematoxylin (Merck, Buchs,
Switzerland). A 1% aqueous eosin solution was used for
cytoplasmic staining. Microscopic examination of the speci-
mens was performed using the Olympus BX 51 microscope,
an Olympus C 5050 Z digital camera, and Olympus DP-Soft
software (Olympus Corporation, Tokyo, Japan).

[

Blood tests,
biochemistry,
histological and
microbiological
analyses

Microbiological Analyses of Cecal Content

On the 15th day of the experiment, the presence of the LAB
in the internal organs and peripheral blood was determined.
Heart, liver, kidney, and mesenteric lymph nodes were
obtained from the animals of the experimental and con-
trol groups, which were killed by cervical dislocation after
anesthesia; they were thoroughly ground in sterile sand and
homogenized in 1 ml of normal saline in sterile Eppendorf
tubes to obtain the initial dilution of the material (107!). Next,
a series of further dilutions of the material in normal saline to
1073 and 10~ were prepared from the initial dilution. Sam-
ples were plated on the nutrient selective MRSA (Merck)
medium. A series of dilutions in normal saline to 10~ and
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10~ were prepared from heparinized peripheral blood and
were plated on the nutrient selective MRSA medium.

After 24 h of incubation, preliminary results were
recorded, and after 48 h, final results were recorded. The
number of colonies of microorganisms in each of the single
crop dilutions was counted. The result was expressed in Ig
CFU in 1 g of tested tissue or 1 ml of blood.

On the 1st, 3rd, 6th, 9th, and 15th day of the experiments, the
cecal content from mice of the experimental and control groups
was freshly collected, and the lactobacilli, bifidobacteria, staphy-
lococci, streptococci, coliform bacteria, microscopic fungi, and
total amount of aerobic and optionally anaerobic bacteria were
enumerated. A total of 100 um of cecal content was homogenized
in 1 ml of normal saline in sterile Eppendorf tubes and vortexed
for 1 min, obtaining the initial dilution of the material (1071, and
left at room temperature for 40-60 min. Consequently, from the
initial dilution, we prepared a series of dilutions of cecal content
in normal saline to 107 and 1077 and 50 pl of dilutions was
plated on appropriate selective media for the cultivation and enu-
meration of different groups of microorganisms.

Meat-peptone agar (MPA) was used for the cultivation and
enumeration of total amount of aerobic and optionally anaerobic
bacteria; MRS (Merck) and Bifidobacterium Agar (HiMedia,
Mumbai, India)—for the cultivation and enumeration of lacto-
bacilli and bifidobacteria, respectively; BAIRD-PARKER-Agar
(Merck)—for the cultivation and enumeration of staphylococci;
KF-Streptococcus agar (Merck)—for the cultivation and enu-
meration of streptococci; ENDO (HiMedia)—for the cultiva-
tion and enumeration of polymorphic bacteria; Sabouraud agar
(HiMedia)—for the cultivation and enumeration of microscopic
fungi; Candida Medium (HiMedia)—for the cultivation and
enumeration of Candida spp.; and Pseudomonas agar (HiMe-
dia)—for the cultivation and enumeration of Pseudomonas spp.

After 24 h of incubation in appropriate condition for each
group of microorganisms, preliminary results were recorded,
and after 48 h, final results were recorded. CFU in each of the
single crop dilutions were counted. According to the results,
the arithmetic mean of the number of colonies in the crops of a
single dilution or initial sample was determined. The multiplicity
of sample dilution was taken into account during the calculation.
The result was expressed as 1g of CFU in 1 g of cecal content.

The presence of lactobacilli in the internal organs and
peripheral blood was determined on the 15th day of the
experiment. Heart, liver, kidney, and mesenteric lymph nodes
were taken from the animals of the experimental and control
groups, which were killed by cervical dislocation after being
anesthetized; they were thoroughly ground in sterile sand and
homogenized in 1 ml of 0.15 M NaCl in sterile Eppendorf
tubes to obtain the initial dilution of the material (107"). Next,
a series of further dilutions of the material in 0.15 M NaCl to
1072 and 107> were prepared from the initial dilution. Samples
were plated on the nutrient selective MRSA (Merck) medium.
A series of dilutions in 0.15 M NaCl to 10~* and 107> were
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prepared from heparinized peripheral blood and were plated
on the nutrient selective MRSA (Merck) medium.

After 24 h of incubation, preliminary results were
recorded, and after 48 h, final results were recorded. The
number of colonies of microorganisms in each of the single
crop dilutions was counted. The result was expressed in Ig
CFU in 1 g of tested tissue or 1 ml of blood.

Statistical Analysis

Experimental data were analyzed using the STATISTICA
computer program using the method of variational statistics,
as well as the Excel program from Microsoft Office-2007 and
2010. The numerical data are presented as arithmetic mean
and standard error. The null hypothesis for the comparison
groups was tested using the nonparametric Kolmogorov-
Smirnov and Wilcoxon-Mann-Whitney (U) criteria. The
differences were considered significant if p < 0.05.

Results
General Signs

Survival rate of BALB/c mice treated with Lact. casei IMV
B-7280 strain in different concentrations in toxicity experiments
during 14 days and for the next 12 months was 100%. The weight
of mice in all groups is presented in Table 1. Mean body weight
did not differ in the experimental and control mice during 14 days
of observation. After administration of Lact. casei IMV B-7280
strain, the physiological condition of the mice (appearance or
behavior and feed intake) did not deteriorate. Other physical
parameter such as local injuries was also not identified.

No signs of toxicity as changes in gait, lethargy, sleep,
somatomotor activity as well as changes in fur, eyes, skin and
mucous membranes, tremors, behavior pattern, convulsions,
salivation, diarrhea in mice from all experimental groups
were observed during 14 days and for the next 12 months.

Blood Tests and Serum Biochemistry

It was found that blood tests in mice administrated with
Lact. casei IMV B-7280 strain were unchanged compared
to control group (Table 2 and Table 3). Thus, the absolute
numbers of leukocytes, lymphocytes, monocytes, gran-
ulocytes, red blood cells and hemoglobin, erythrocyte
volume index to the volume of total blood sample, mean
corpuscular volume of erythrocyte, mean hemoglobin
content in particular erythrocyte, and average concentra-
tion of hemoglobin in the red cell mass vs in whole blood
showed no significant difference between the control and
experimental groups. As shown in the Table 2, after LAB
administration, relative width of distribution of platelets
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Table3 Blood tests II Groups of mice RDW % PLT x 107  PCT % MPV fl PDW fl
Control 1 17.65+055 7233 +1858 021+0.02 1499+193 27.16 +0.99
Control 2 1713 +£1.65 73.12+10.12 020+0.02 1400+ 1.09 27.99 +1.99
Control 3 1687 +098 71.45+1245 0.19+043 1423 +234 2645+1.23
Experimental group 1 16.10+1.20  66.71 +£20.23  0.19+0.05 1438+320 2640+1.72
Experimental group2  14.34 £ 0.68 7580 +21.45 0.10+0.09 15.04 £0.65 22.16 +7.11
Experimental group3  15.50 +£0.75  65.67 +1029 0.10+0.08 1633 +2.21 26.87 +1.79
Experimental group4 1496 +0.29 6640 +17.56 0.39+0.14 17.20+0.65 26.56 + 1.60

by volume (indicator of heterogeneity of platelets), abso-
lute platelet content, platelets amount (percentage, %) in
whole blood volume occupied by platelets, mean platelet
volume, and relative platelet volume distribution (platelet
heterogeneity indicator) were also at the control level. We
found tendency to decrease the absolute platelet count in
mice administrated with Lact. casei IMV B-7280 strain
in the dose of 5 x 10° CFU/animal during 7 days, but the
difference from control was not significant.

After administration of this LAB strain into mice, serum
biochemical parameters such as glucose, total cholesterol, ALT,
phosphorus, calcium, uric acid, serum iron levels, as well as indi-
cators of total serum iron-binding capacity, unsaturated serum
iron-binding ability, and transferrin saturation remained at the
control level (Table 4). Uric acid level was slightly increased in
the serum of mice administrated with Lact. casei IMV B-7280
strain in the doses of 5 x 106, 5 x 10%, or 5 x 10° CFU/animal
for 7 days, but the difference vs the controls was not significant.

Histological Study

The results of histological examination of the cortex and white
matter of the brain (cerebrum), cardiac muscle fibers, liver,
cortical substance of the kidney, mesenteric lymph node, frag-
ments of the small intestine, fragments of the colon of intact
mice that did not receive probiotic bacteria, and mice of all
experimental groups are presented in the Figs. 2, 3,4, 5, and 6.

Table 4 Serum biochemistry

Administration of Lact. casei IMV B-7280 strain into mice
did not lead to the appearance of any signs of damage in tis-
sue and cellular structures of the internal organs: histological
structure of the cortex and white matter of the brain, heart myo-
cardium, liver, kidney, mesenteric lymph nodes, the walls of the
small and large intestines have been preserved, indicating the
preservation of their function. Inflammatory infiltration of these
organs and tissues, sclerotic changes, and hyperplasia of lym-
phoid tissue in mesenteric lymph nodes, tissue of the small and
large intestine in mice of all experimental groups were absent.

In mice treated with this LAB strain in the doses of
5% 108 5 x 108, or 5 x 10° CFU/animal for 7 days, mild
perivascular edema was detected in the cortex and white
matter of mice brain, and mild interstitial edema was
observed in the myocardium, kidneys, and muscle layer of
the small and large intestine wall. Also, in these mice, some
polymorphism of hepatocytes, which was characterized by
different size of cells and their nuclei, as well as different
intensity of nuclei staining, were detected in the liver.

Microbiological Study of Blood, Organs, and Cecal
Contents

The results of the evaluation of the presence of LAB in
the internal organs and peripheral blood of mice adminis-
trated with Lact. casei IMV B-7280 strain are presented in
Table 5. Lactobacilli were not detected in peripheral blood,

Groups of mice  Glucose (g/l) Total ALT Phosphorus  Calcium Uric acid (pm/1)  Iron (pm/l) Total serum Unsaturated Transferrin
cholesterol ~ (mmol/l) (mmol/l) (mmol/l) iron-binding serum-binding  saturation (%)
(mmol/l) capacity serum (pumol/l)
(pmol/l)
Control 1 830+120 346+039 041+0.02 1.38+026 2.60+0.05 379.59+56.12 23.03+9.10 71.08+24.72 48.05+19.64 33.06+ 12.20
Control 2 845+ 1.10 343+0.27 040+001 136+0.13 2.62+0.03 37523 +34.23 2358+734 69.12+15.67 4505+11.12 34.15+9.32
Control 3 847 +£094 352+0.12 044+0.06 1.26+0.11 2.54+0.09 368.12+12.66 25.12+3.73 6558 +12.52 43.19+524 3652 +8.22
Experimental 850+ 120 340+0.69 042+0.03 1.34+0.07 2.65+0.08 371.43+2991 23.92+12.70 59.08 + 13.37 38.88 +13.81 40.74 + 2291
group 1
Experimental 790 +090 3.59+0.69 044+0.05 1.15+020 247 +0.12 453.06 +£90.96 27.13 +8.11 72.09 +20.95 4497 +10.05 39.31 + 12.51
group 2
Experimental 820+0.60 3.84+0.35 039+0.03 130+0.18 2.52+0.13 46429 +72.17 3529+4.20 72.09+2095 36.50+ 13.94 40.55+10.94
group 3
Experimental 850+0.60 3.19+048 041+0.01 1.11+0.13 2.50+0.05 407.14 +34.80 21.29+6.77 71.02+15.70 49.73 +10.73 29.73 +6.21
group 4
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Fig.2 Light micrograph of the cortex a and white matter b of the
brain cerebrum; cardiac muscle fibers ¢; lever d; cortical substance of
the kidney e; mesenteric lymph node f; fragments of the small intes-
tine g; fragments of the colon h intact mice that did not receive probi-
otic bacteria. Staining with hematoxylin and eosin. X 200. No cellular

and inflammatory changes as well as hemorrhage were observed in
cortex and white matter of the brain (cerebrum); cardiac muscle fib-
ers; lever; cortical substance of the kidney; mesenteric lymph node;
fragments of the small intestine, and colon

Fig.3 Light micrograph of the cortex a and white matter b of the
brain (cerebrum); cardiac muscle fibers ¢; liver d; cortical substance
of the kidney e; mesenteric lymph node f; fragments of the small
intestine g; fragments of the colon h of mice that administrated with
Lact. casei IMV B-7280 strain in the dose of 5 x 10'© CFU/animal
(experimental group 1). Staining with hematoxylin and eosin. x 200.
No cellular and inflammatory changes as well as hemorrhage were
observed in cortex and white matter of the brain (cerebrum); car-
diac muscle fibers; liver; cortical substance of the kidney; mesenteric
lymph node; fragments of the small intestine, and colon. There was a

slight perivascular edema in the cerebral cortex and white matter of
the brain. In the cerebral cortex, there were no signs of pericellular
edema. There were no perivascular or parenchymal hemorrhages in
the brain. Inflammatory infiltration of the cerebral cortex and white
matter is absent. There was mild interstitial edema in the myocardium
of the heart, but inflammatory stroma infiltration was absent. Myocar-
dial vessels are moderately full-blooded; no evidence of vascular wall
edema, or perivascular hemorrhage in the myocardium of the heart
was detected. There was no hyperplasia of lymphoid tissue in mesen-
teric lymph nodes, small and large intestine
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Fig.4 Light micrograph of the cortex a and white matter b of the brain
(cerebrum); cardiac muscle fibers c; liver d; cortical substance of the kid-
ney e; mesenteric lymph node f; fragments of the small intestine g; frag-
ments of the colon h of mice that administrated with Lact. casei IMV
B-7280 strain in the dose of 5 x 10® CFU/animal (experimental group 2).
Staining with hematoxylin and eosin. X 200. No cellular and inflamma-
tory changes as well as hemorrhage were observed in cortex and white
matter of the brain (cerebrum); cardiac muscle fibers; liver; cortical sub-
stance of the kidney; mesenteric lymph node; fragments of the small
intestine, and colon. A slight perivascular edema was observed focally in

e

Fig.5 Light micrograph of the cortex a and white matter b of the brain
(cerebrum); cardiac muscle fibers ¢; liver d; cortical substance of the kid-
ney e; mesenteric lymph node f; fragments of the small intestine g; frag-
ments of the colon h of mice that administrated with Lact. casei IMV
B-7280 strain in the dose of 5 x 10% CFU/animal (experimental group 3).
Staining with hematoxylin and eosin. X 200. No cellular and inflamma-
tory changes as well as hemorrhage were observed in cortex and white
matter of the brain (cerebrum); cardiac muscle fibers; liver; cortical sub-
stance of the kidney; mesenteric lymph node; fragments of the small
intestine, and colon. Slightly expressed perivascular edema was observed
in the cortex and white matter of the brain. Inflammatory infiltration

@ Springer

the brain. Inflammatory infiltration of the cerebral cortex, meninges, and
white matter was not detected. Perivascular or parenchymal hemorrhage
in the brain was absent. In the liver, a small fraction of hepatocytes had
more hyperchromic nucleus with multiple nucleoli d. The cell cytoplasm
had fine-grained evenly eosinophilic staining; however, histological signs
of hepatocyte damage, inflammatory infiltration or fibrotic changes, signs
of bile stasis were not detected. Mild interstitial edema was observed in
the myocardium of the heart, kidneys, and muscle layer, the walls of the
small and large intestine. There was no hyperplasia of lymphoid tissue in
mesenteric lymph nodes, small and large intestine

of the cerebral cortex, meninges, and white matter was not detected.
Perivascular or parenchymal hemorrhage in the brain was absent. There
was mild interstitial edema in the heart myocardium, but inflammatory
infiltration, vascular wall edema, or perivascular hemorrhages were
absent c. Liver hepatocytes were polymorphic, of different size, had
rounded, clearly delimited, moderately basophilic nucleus with nucleo-
lus. No histological signs of hepatocyte damage, bile stasis, inflamma-
tory infiltration, or fibrotic changes were detected d. A slight interstitial
edema was found in the kidneys and the muscular layer of the wall of the
small and large intestine. There was no hyperplasia of lymphoid tissue in
mesenteric lymph nodes, fragments of the small and large intestine
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Table 5 Microbiological study of cecal contents
Groups of mice The number of bacteria (Ig CFU/g)/elective nutrient medium

MPA BAIRD-PARKER- KF-Streptococcus  MRSA Bifidobacterium Sabouraud ~ Candida ENDO Pseudomonas

Agar agar Agar agar medium agar

Control 1 7.33+£0.19 4.92+0.08 3.77+0.14 345+0.08 2.16+0.11 235+0.09 192+006 698+022 257+0.12
Control 2 6.93 +0.13  4.57 +0.06 3.92+0.11 3.05+0.12  2.01 +0.14 2.67+0.12 219+0.08 7344029 3.01+0.20
Control 3 6.74 +£0.13 473 +0.11 4.02+0.10 3.52+0.14 221 +0.09 241+0.16 2.01+005 6.77+0.17 3.25+0.09
Experimental group 1~ 4.43 £ 0.10% 1.92 + 0.04* 2.77 £ 0.05* 6.22 +0.11* 1.05 + 0.02* < 1.00* < 1.00* 4.62 +0.08% < 1.00*
Experimental group 2~ 6.01 + 0.06* 2.41 + 0.05* 4.92 +£0.07* 6.73 + 0.06* 3.14 + 0.06* 1.22 £0.04* 1.12+0.02* 6.94 +0.07 < 1.00*
Experimental group 3 6.22 + 0.12* 2.25 + 0.03* 413 +£0.13 6.88 +0.13* 2.76 + 0.07* < 1.00* < 1.00* 7.15+0.06 <1.00*
Experimental group 4~ 5.18 £ 0.07* 1.14 £ 0.01* 3.78 £ 0.09 7.14 £0.08* 1.14 + 0.04* < 1.00%* < 1.00* 6.73 £0.12 < 1.00*

“The difference is significant compared with control groups (p < 0.05)

Fig.6 Light micrograph of the cortex a and white matter b of the
brain (cerebrum); cardiac muscle fibers ¢; liver d; cortical substance
of the kidney e; mesenteric lymph node f; fragments of the small
intestine g; fragments of the colon h of mice that administrated with
Lact. casei IMV B-7280 strain in the dose of 5 x 10% CFU/animal
(experimental group 4). Staining with hematoxylin and eosin. X 200.
No cellular and inflammatory changes were observed in cortex and
white matter of the brain (cerebrum); cardiac muscle fibers; liver;
cortical substance of the kidney; mesenteric lymph node; fragments
of the small intestine, and colon. There were no signs of pericellular
edema in the cerebral cortex and white matter of the brain. Perivascu-
lar edema and perivascular hemorrhage in the major cortex were also

heart, liver, kidneys, and mesenteric lymph nodes after LAB
administration. Cecal contents of mice administrated with
Lact. casei IMV B-7280 strain were changed. The content
of beneficial bacteria such as LAB in cecal contents of these
mice was increased. There was a decrease in the number of
bifidobacteria in the cecal contents of mice administrated

absent. Mild interstitial edema was detected in the myocardium of the
heart, but there was no inflammatory stroma infiltration. Myocardial
vessels were moderately full-blooded, no signs of vascular wall swell-
ing or perivascular hemorrhage were observed in the mice of this
group. Hepatocytes had different sizes and rounded, clearly deline-
ated, moderately basophilic nucleus with nucleolus. The cytoplasm
of cells had fine-grained eosinophilic staining. Histological signs of
hepatocyte damage and signs of bile stasis were not detected. Mild
interstitial edema was detected in the kidneys and the muscular layer,
the walls of the small and large intestine. There was no hyperplasia of
lymphoid tissue in mesenteric lymph nodes, small and large intestine

with Lact. casei IMV B-7280 strain (experimental groups 1,
4), which later restored to normal levels. After administra-
tion of LAB strain, the number of opportunistic bacteria,
such as Staphylococcus spp., Candida spp., Pseudomonas
spp., and total aerobic and optionally anaerobic bacteria
levels decreased compared to controls.
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Discussion

The safety of each individual strain of LAB probiotic cultures
should be determined via the properly documented results of
studies on their safe use for humans, for example, in food, as
well as the results of experimental studies and clinical obser-
vations [31-33]. The current study was conducted to assess
the safety of Lact. casei IMV B-7280 strain in mouse model.
Male BALB/c mice (7-8 weeks, weight more 20-24 g) were
treated with this LAB strain in different doses: 5 x 10°, 5 x 10,
or 5 x 10° CFU/animal once per day during 7 days, or in the
amount of 1 x 10'° CFU/animal once per day during 3 days
(most of the proposed probiotic doses for humans—from 10° to
10° CFU) and monitored for 14 days and for the next 12 months.

The oral toxicity of Lact. casei IMV B-7280 strain was
investigated according to the methodological recommendations
of Preclinical Drug Research (in Ukraine) and analysis of data
from literary sources [36-38]. Mice that were treated with Lact.
casei IMV B-7280 strain had a 100% survival rate. LAB in the
peripheral blood, heart, liver, kidney, and mesenteric lymph
nodes of these mice were not detected. Weight and physiologi-
cal parameters such as appearance or behavior and feed intake
in mice administrated with Lact. casei IMV B-7280 strain did
not change. The local injuries were not identified. There were
also no signs of toxicity in any of the mice, as well as changes in
blood and serum biochemistry parameters that were critical in
determining toxicological effects. Cholesterol and glucose lev-
els in the serum of the experimental mice were normal. Thus,
Lact. casei IMV B-7280 strain did not affect lipid metabolism
and did not induce the development of diabetes.

There was also no difference between the levels of cal-
cium and phosphorus in the blood serum of mice of the
control and experimental groups. Abnormalities of calcium,
phosphorus, and magnesium homeostasis are associated
with disorders of mineral metabolism [39]. High levels of
serum phosphorus may indicate impairment of endothelial
function by increasing oxidative stress and decreasing nitric
oxide production, etc. [40]. Serum iron level, total serum
iron-binding ability, unsaturated serum-binding capacity,
and transferrin level did not change in mice of the experi-
mental groups, i.e., Lact. casei IMV B-7280 strain did not
induce iron-deficiency anemia.

The histological studies of the organs of mice administered
with this LAB strain revealed no abnormalities or histopatho-
logical changes in the organs. Inflammatory infiltration of
these organs and tissues, sclerotic changes, as well as hyperpla-
sia of lymphoid tissue in mesenteric lymph nodes, tissue of the
small, and large intestine in mice of all experimental groups
were not revealed. Mild perivascular edema was determined in
the cortex and white matter of the brain after administration of
Lact. casei IMV B-7280 strain to mice in the doses of 5 x 10°,
5 x 10%, or 5 x 10° CFU/animal. But there were no changes
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in the behavior of these mice or neurological disorders. This
LAB strain administration to mice did not lead to any damage
of the tissue and cellular structures of the myocardium of the
heart, kidneys, walls of the small and large intestine, although
they evoked a mild interstitial edema, which can be revers-
ible. There was no kidney injury detected and no tendency to
increase the level of urea in mice treated with Lact. casei IMV
B-7280 strain in the doses of 5 x 10°, 5 x 10%, or 5 x 10° CFU/
animal, and also in the dose of 5 x 10'® CFU/animal. It should
be noted that studies of the strain effect on blood biochemis-
try are extremely important to develop optimal schemes for
their individualized use and predictive diagnosis and prevent-
ing urolithiasis, kidney disease, or calculous prostatitis during
administration probiotic therapy.

The histological structure of the liver of mice after
administration Lact. casei IMV B-7280 strain also was not
altered. The preservation of liver function was evidenced
by the normal levels of ALT in the blood serum. Mild poly-
morphism of hepatocytes, characterized by different size of
cells and their nuclei, as well as different intensity of stain-
ing of nuclei that were observed after administration of this
LAB strain into mice in the doses of 5 x 10%, 5 x 108, or
5 x 10° CFU/animal, can be explained by activation of meta-
bolic processes in the liver of these mice. Therefore, Lact.
casei IMV B-7280 strain had no adverse effect on circulating
blood cells and their production, blood serum biochemical
parameters, histological structure, and function of the organs
that were studied. Previously, we showed [41] that this LAB
strain had no immunotoxic effect after administration to
intact mice in a dose of 5 x 10° CFU/animal for 7 days.

Safety has been proven for other Lact. casei strains in
various animal experimental models. In particular, the safety
of oral and anal administration of Lact. casei GG strain
has been demonstrated in gnotobiotic bg/bg-nu/nu and bg/
bg-nu/+ mice strains (males and females), although LAB
translocation to the internal organs was detected in 27 and
26% of cases, respectively, and abscesses of the stomach
and small intestine in 29% of cases. The survival rate of
all adult mice of both strains was 100%, their weight did
not change. Mice born from females of the bg/bg-nu/+ line
administered with Lact. casei GG strain also had a 100%
survival rate. However, deaths of bg/bg-nu/nu (4 weeks old,
but not 8—12 weeks old) mice born by mothers receiving
this LAB strain were observed. Lact. casei GG strain is safe
for immunocompetent and immunodeficient adult animals,
but additional studies are needed to confirm its safety in
immunodeficient infants [42]. Lact. casei Shirota strain
demonstrated safety in a non-bacterial endocarditis model
in rabbits. Instead, Lact. casei PHLS A357/84 strain caused
bacteremia in rabbits with endocarditis; LAB have been
found in vegetation, peripheral blood, liver, and spleen. His-
topathological analysis of the heart of these rabbits revealed
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that vegetations were formed on the heart valve with a fibrin
clot and bacterial colonies; their infiltration by cells involved
in the development of inflammation was observed [43].

The safety of Lact. casei 5s strain isolated from Serbian
homemade cheese has been demonstrated in the Wistar rat
model of hyperlipidemia. Under the influence of this LAB
strain, lipid metabolism and the gut microbiota improved.
The Lact. casei 5s strain had no acute toxicity and was not
translocated to the internal organs of animals, but was iden-
tified on the surface of the intestinal mucosa and in fecal
samples of treated animals, indicating its adhesiveness and
ability to colonize [44]. Safety of Lact. casei var. rhamnosus
strain (Lcr35, Antibiophilus™, France) was proven on diar-
rhea model in immunodeficient SCID/NOD mice. This LAB
strain after oral daily administration to mice for 5 days in the
amount of 1 X 10’ CFU did not lead to bacteremia, did not
translocate into peripheral blood and improve the course of
diarrhea, increased the weight of mice, restored the depth of
crypts, and suppressed production of tumor necrosis factor-a,
interferon-y, interleukin (IL)-1p, IL-6, IL-4, IL-10, and IL-17
[38]. Lact. paracasei subsp. paracasei LC-01 strain was also
safe in case of oral administration to BALB/c mice (mice
weight did not change; translocation of LAB to internal
organs was not detected). In contrast, intraperitoneal admin-
istration of this strain to mice resulted in a significant trans-
location of LAB to the liver, spleen, and kidneys, but did not
cause pathologies or death throughout the experiment [45].

In clinical practice, the safety has also been proven for Lact.
casei Shirota strain in the probiotic composition in the treat-
ment of critically ill children receiving intensive care [46], Lact.
casei subsp. casei 327 strain in female volunteers who received
it to improve skin [47], Lact. casei when consumed by intensive
care units (ICU) patients [48]. Lact. casei, Lact. fermentum [49]
and Lact. casei HDS-01 [50] strains have proven to be safe for
the development of functional fermented products. It should
be noted that in clinical practice, cases of local and systemic
infectious processes induced by LAB are extremely rare. For
example, infectious endocarditis and bacteremia after probiotic
therapy were found only in 0.05-0.40% of cases [51, 52].

Complications after probiotic therapy were most com-
monly reported in critically ill patients in ICU and in patients
with severe immunodeficiencies [1, 6, 53]. Given this, before
probiotic therapy, a careful analysis is necessary for the pres-
ence of certain microecological disorders, which can lead to
the immunodeficiency conditions, when even weakly virulent
bacteria can induce the development of infectious processes. It
can be considered to include in the protocols of the safety study
of each particular LAB strain the determination of their effect
on the microbiota of gut or other biotopes. Such studies have
particular importance, since probiotic bacteria may influence
the levels of potentially harmful intestinal bacterial enzymes
(B-glucosidase and B-glucuronidase) [54].

The population of beneficial bacteria such as LAB and bifi-
dobacteria was significantly increased in mice and the number
of opportunistic bacteria, such as staphylococci, microscopic
fungi, and Pseudomonas spp. decreased after administration
of Lact. casei IMV B-7280 strain in comparison with mice of
control groups. Oral administration of this LAB strain nor-
malized microbiota of different biotopes in the case of experi-
mental infections and inflammatory processes, and metabolic
syndrome [36, 55] and demonstrated efficacy in simultaneous
administration with cerium nanoparticles as a novel prebiotic,
and significantly enhanced positive individual effects [56].

Although this study has limitations (e.g., one sex of
animals used), the Lactobacillus casei IMV B-7280 strain
was thoroughly assessed via methods which adhere recent
approaches for assessing safety of probiotics needed before
using in human subjects [33]; and the results can justify to
conduct further clinical trials according to recent knowledge
in the safety of probiotics [57, 58], current regulations, and
future vision of food safety [59].

The potential of using probiotics in periocular Lactobacillus
and Bifidobacterium spp. as a preventive measure against
viral epidemics like COVID-19 [60] motivates new studies to
determine whether the prescription of routine longer treatment
oral probiotics is completely safe. In this respect, further stud-
ies can be considered to include a robust preclinical assess-
ment longer effects (also, e.g., 30- to 90-day outcomes) and
can be considered to model chronic toxicity [61], and other
animal models (e.g., rats) should be involved in the studies.

Conclusion

The results of this study showed that Lact. casei IMV
B-7280 strain is safe at a dose up to 10'® CFU/animal during
3- and 7-day oral administration to mice and has a positive
effect on the gut microbiota and can be considered a poten-
tially safe probiotic for humans.

Abbreviations LAB: Lactobacillus (lactic acid bacteria); QPS: Quali-
fied presumption of safety status; GRAS: (Generally regarded as safe)
status; CFU: Colony forming units; Lg: Logarithm; WBC: Leukocytes;
LY: Lymphocytes; MO: Monocytes; GR: Granulocytes; RBC: Eryth-
rocytes; Hgb: Hemoglobin; HCT: Hematocrit; MCV: Average size
of red blood cells; MCH: Hemoglobin content of red blood cells;
MCHC: Mean hemoglobin content of red blood cells, not whole blood;
RDW: Red cell distribution width; PLT: Absolute platelet content;
PTC: Plasma thromboplastin component; MPV: Mean platelet volume;
PDW: Platelet distribution width
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