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ABSTRACT

Alginite is organic matter rich in humic substances
and commonly found in nature, but despite that, the
knowledge of its biological effects is limited. In our study
we focused on monitoring the effects of alginite alone, as
well as its effect as a carrier of probiotic lactobacilli on the
cellular immune response in SPF mice after infection with
Salmonella Typhimurium. Sixty six conventional SPF fe-
male mice of the Balb/c line were divided into 4 groups:
1. infection free negative control (NK) supplied neither
alginite nor probiotic lactobacilli in the feed; 2. infection
free alginite control (Alg) supplied feed with 10 % alginite;
infected control supplied alginite in the feed but no lacto-
bacilli; 3. infectious control (Alg+ Sal) — animals infected
with salmonella and supplied 10 % alginite in the feed but
no lactobacilli;and 4. probiotic group (Lab+ Alg+ Sal) —
animals infected with salmonella and administered 10 %
alginite and Lactobacillus reuteri 2/6 in the feed. On day
21 of the experiments, the mice were bled and their mes-
enteric lymph nodes were taken after their death. The pe-
ripheral blood of the mice was analysed for the activity
of phagocytes and the percentage of selected lymphocyte

subpopulations was determined in the mesenteric lymph
nodes and blood. The significantly highest phagocytic ac-
tivity (FA) was noted in the infected group with alginite
(Alg+Sal). The FA was significantly increased in groups
Alg and Lab + Alg + Sal in comparison with the NK group.
The highest engulfing ability of phagocytes (phago-
cytic index) was observed in the Lab+Alg+Sal group
in comparison with other groups, but also in Alg group
in comparison with NK. In the Lab+ Alg+ Sal group,we
observed a significantly higher percentage of B-lympho-
cytes, CD4*CD8* and natural killer T cells (NKT), but
more significant impact on the numbers of subpopula-
tions of lymphocytes was observed in the mesenteric
lymph nodes, with the significantly highest proportions
of CD4*CD8'lymphocytes and NK and NKT cells. Our re-
sults indicated immunomodulatory properties of alginite
and L. reuteri 2/6 in salmonella infected mice, especially at
the level of the innate immune system components. This
activation of phagocytosis and NK cells can be used in the

treatment of various infections.

Key words: alginite; immune cells; immunomodula-

tion; L. reuteri; mice

61



INTRODUCTION

The optimum composition of intestinal microflora is
important for the correct development and function of
the immune system and contributes to the sustainment
of good health. Proportions of intestinal bacteria are sig-
nificantly affected by the lifestyle and eating habits of the
population and that has changed in many ways in the re-
cent period. Disturbances of the natural microflora have
resulted in a number of health disorders. This increased
interest in probiotics is due to their capability of restoring
physiological microflora, ensuring the proper function of
the intestine and strengthening of the immune system. It is
highly probable that in the future probiotics could help to
decrease the risk of serious diseases and make their preven-
tion and treatment more effective [9].

Alginite is a sedimentary laminated rock occurring in
oil shales that originated from biomass of fossil algae dur-
ing several millions of years in volcanic craters [7]. Abun-
dant deposits of alginite are located in Slovakia, close to
the village Pincina in Lucenec basin, or in Hungary in the
village Pula, where it was discovered for the first time [4].
Alginite is rich in amorphous organic matter and well pre-
served cells of green algae Botryococcus braunii [2]. Besides
organic substances, alginite contains many macro-ele-
ments, e.g. P, K, Ca, Mg, and also a number of trace ele-
ments. The content of heavy metals in alginite (As, Cd, Pb,
Ag, Cr, Se) does not exceed toxicity limits [8]. Owing to its

enormous specific surface (300 to 650 m*.g™), alginite ex-
hibits high water retention capacity (approximately 110 %).
With regard to its pH values, alginite belongs among neu-
tral substances with relatively high proportion of humus.
Humins are a class of organic substances insoluble in water,
currently used in human and veterinary medicine, particu-
larly due to their antiviral, antibacterial, detoxification and
anti-carcinogenic properties.

Owing to the high specific surfac e of alginate, it can be
used as a carrier of probiotic lactobacilli and serve, at the
same time, as an important source of biogenic substances
with immunomodulation properties.

The aim of this study was to investigate the influence of
the administration of probiotic strain Lactobacillus reuteri

and alginite on cellular immune response of SPF mice.

MATERIALS AND METHODS

Experimental design and animals

The experiments were carried out within the study:
“The influence of probiotic strain stabilised on fossil carrier
on the intestinal micro-environment of conventional SPF
mice infected with Salmonella Typhimurium”, which was
approved by the State Veterinary and Food Administration
of SR under No. 1177/14-221.

Sixty six conventional female mice of Balb/c line

(Velaz s.r.0., Prague, Czechia) were kept in rearing boxes,

Tablel. Experimental groups and experimental schedule

Infection with

Alginite L. reuteri 2/6 A
Group Salmonella Typhimurium
(Day 0—21) (Day 0—21) (Day7)

NK placebo = administration of uncontaminated BHI

(negative control) None None broth on day 7 after on set of administration

(n=16) of additives per os at a dose of 0.1 ml per mouse

Alg 10 % addition to feed placebo = administration of uncontaminated BHI

(n=16) throughout the experiment None broth on day 7 after the on set of administration
of additives per os at a dose of 0.1 ml per mouse

Alg+Sal 10 % addition to feed 108 CFU.mI'S. Typhimurium in BHI broth per os

(n=17) throughout the experiment None at a dose of 0.1 ml per mouse on day 7 after the
on set of administration of additives

Lab+Alg+Sal 10 % addition to feed 108CFU.g™" 108 CFU.mI' S. Typhimurium in BHI broth per os

(n=17) throughout the experiment Stabilised on alginate at a dose of 0.1 ml per mouse on day 7 after onset

throughout the experiment

of administration of additives

BHI broth — Brain Heart Infusion broth

62



6—7 mice per box, were fed ad libitum a complete mixed
feed for mice Altromin 1311 (Altromin International, Ger-
many) and they had unrestricted access to water. The ex-

perimental schedule is presented in Table 1.

Characteristics of bacterial strains
and their cultivation

In the experiment we tested probiotic, exopolysaccha-
rides-producing porcine strain Lactobacillus reuteri 2/6.
This strain was isolated from the faeces of a clinically
healthy pig at the Institute of microbiology and gnotobiol-
ogy of the University of Veterinary Medicine and Pharma-
cy in Kosice. For accurate identification of this lactobacillus
in the organism of mice, we used spontaneous rifampicin-
resistant isolates of this strain obtained by cultivation on
MRS (deMan, Rogosa and Sharpe) agar (Becton Dickinson
and Company Microbiology systems, USA), containing
30 pug.ml™ rifampicin (Sigma Chemical Co., UK). Lactoba-
cilli were cultivated anaerobically on MRS agar for 48 hours
or in MRS broth at 37°C for 24 hours. For the preparation
of the inoculum, we used night (18 h) cultures from MRS
broth that was inoculated onto alginite previously saturated
with 40 % lactose. The solid state fermentation took place at
37°C for 24 hours. Alginite was then lyophilised and lacto-
bacilli counts were determined, which reached 10 CFU.g™".

The experimental mice from groups Alg+Sal and
Lab+ Alg+Sal were infected with Salmonella Typhimuri-
um CCM 7205, obtained from Masarykova University in
Brno, Czechia. They were cultivated at 37°C for 24 hours
on Brilliant Green agar (BGA, Laboratories Conda, Spain).
Inoculum for infecting the mice was prepared in BHI broth
(BHI, Merck, Germany) at 37 °C from the night culture.

Collection of samples and preparation of lymphocytes

On day 14 post infection (day 21 of the experiment),

samples of the peripheral blood were collected from the si-
nus orbitalis of mice into heparin containing tubes. Eight
mice from each group were used for immunological analy-
sis. Mesenteric lymphatic nodes (MLN) were collected from
these mice immediately after death (86 mg.kg™! body weight,
sodium pentobarbital, cervical dislocation). They were
placed into an ice-cold Hank’s solution (137 mM NaCl;
5mM KCl; 1.1mM NaHPO,.2H,0; 0.4mM KH,PO,;
5mM D-glucose; 4mM NaHCO,; 10mM HEPES; pH 7.1—
7.3). Lymphocytes were isolated from MLN by compress-
ing the MLN between 2 sterile slides. The obtained suspen-
sion was washed in cold PBS (MP Biomedicals, France) and
centrifuged for 5 min at 600 g. The number of lymphocytes
was adjusted to 10°.50 pl™".

Phenotyping and phagocytic activity of immune cells

The cells were identified by means of direct label-
ling with monoclonal antibodies conjugated with fluoro-
chromes (eBioscience, USA) in the following combina-
tions: CD4/CD8a/CD49b and CD3/B220. Specification of
the antibodies used is presented in Table 2.

The cells were labelled as follows: 50 ul of blood or cell
suspension from MLN were incubated with monoclonal
antibodies in tubes for 15min in the dark at laboratory
temperature. Then 500 pl of lysing solution (BD FACS Lys-
ing Solution, BD Biosciences, USA) was added to the tubes
with the blood, the tubes were again incubated for 15min
in the dark at laboratory temperature and were washed
twice with 1ml PBS (centrifugation for 5min at 600g).
Finally, 100 ul PBS was added to each tube and cytomet-
ric analysis was performed immediately employing a flow
cytometer BD FACSCantoTM (Becton Dickinson Biosci-
ences, USA). The position of lymphocytes was displayed on
a basic dot plot FSC (forward-scattered light) against SSC
(side-scattered light). Proportions of individual subpopula-

Table 2. Specification of anti-murine monoclonal antibodies used in the experiments

Type Fluorochrome Clone Isotype Concentration Volume
anti-CD4 FITC GK 1.5 IgG2b, k 0.5 mg.ml™ 4ul
anti-CD8a R-PE 53-6.7 IgG2a, k 0.2 mg.ml™ 2ul
anti-CD49b APC DX5 IgM, K 0.2 mg.ml™! Tul
anti-CD3 PerCP-eFluor710 17A2 lgG2b, k 0.2 mg.ml" 2l
anti-B220 PE-Cyanine7 RA3-6B2 lgG2a, k 0.2 mg.ml™ 2l
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tions were determined by means of dot plots for relevant
fluorescences (CD4 against CD8; CD8 against CD49b;
CD3 against B220) and expressed as per cent proportions
of all lymphocytes. The obtained data were analyzed using
BD FACS DivaTM software.

The phagocytic activity was det-6B2ermined using
the above mentioned flow cytometer and commercial kit

Phagotest® (Orpegen Pharma, Germany).

Statistical analysis

Statistical analysis was performed by the one-way anal-
ysis of variance (one-way ANOVA) and Tukey test, using
software GraphPad Prism. The level of significance was set
to P<0.05.

RESULTS AND DISCUSSION

In the experimental groups Alg, Alg+Sal, and
Lab + Alg + Sal, we observed a significant increase in phago-
cytic activity and engulfing ability of phagocytes (phago-
cytic index). The highest phagocytic activity was recorded
in group Alg+ Sal and lower in the group with simultane-
ous administration of lactobacilli (Lab + Alg+ Sal), which
may be related to better clinical status of mice in this group
(Fig. 1a). The highest engulfing ability of phagocytes was
observed in group Lab+ Alg+Sal (Fig. 1b). The induction
effect of lactobacilli on phagocytic activity was reported in

the study by Perdigdn etal. [5] in which per os adminis-

tration of L. casei significantly increased phagocytic activity
of macrophages in mice. The immunostimulating effect of
humic acids was also confirmed by Habibian et al. [3],
who observed dose-dependent potentiation of phagocytic
activity of mononuclear cells in rats.

The significantly highest percentage proportion of
CD4+ lymphocytes in the peripheral blood was observed
in group Alg+Sal, and alginate itself significantly de-
creased this proportion in healthy animals in compari-
son with group NK (Fig.2a). In group Lab+ Alg+Sal we
recorded the highest number of both CD4*CD8* lympho-
cytes (Fig.2b) and NKT (CD49b'CD8*) cells (Fig.2c),
which contradicts the results of Gill et al. [1] who failed to
observe any noticeable effect of the administration of pro-
biotics on subpopulations of lymphocytes in mice. Howev-
er, subpopulation of NK cells (CD49b*CD8") in lactobacilli
and alginite infected groups in our study was significantly
lower in comparison with alginite control (Fig.2d).

In mesenteric lymph nodes we observed a significant
stimulation of cellular response in group Lab+ Alg+ Sal,
which showed the significantly highest proportion of dou-
ble-positive CD4*CD8* lymphocytes (Fig.3a), NK cells
(Fig.3b) and NKT cells (Fig.3c). The proportion of CD4*
lymphocytes was significantly increased in both infected
groups (Fig.3d). The positive influence of lactobacilli on
local immune response was observed also in the study by
PerdIgén et al. [6], who also recorded an increase in
CD4" cells in the small intestine of mice after the adminis-

tration of L. casei and L. plantarum.
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Fig. 1. The influence of the administration of probiotic strain L. reuteri and alginite on:
a) Phagocytic activity and b) Phagocytic index in mice infected with Salmonella Typhimurium
a — significant difference compared to NK; b — significant difference compared to Alg;
¢ — significant difference compared to Alg+Sal; * — P < 0.05; ** — P < 0.01; *** — P < 0.001

64



NK Alg Alg+Sal  Lab+Alg+Sal NK Alg Alg+Sal  Lab+Alg+Sal
) d)
% %
10
8
6
4
2
0
NK Alg Alg+Sal  Lab+Alg+Sal NK Alg Alg+Sal  Lab+Alg+Sal
Fig. 2. The influence of the administration of probiotic strain L. reuteri and alginite on proportions of the following lymphocytes
in peripheral blood of mice infected with S. Typhimurium: a) CD4*; b) CD4*CD8*; ¢) CD49b*CD8*; d) CD49b*CD8-
a — significant difference compared to NK; b — significant difference compared to Alg; ¢ — significant difference compared to Alg+Sal;
*—P<0.05* —P<0.01;** —P<0.001
CONCLUSIONS velopment Agency on the basis of the Agreement No. APVV-

Our experiment indicated an immunomodulation po-
tential of lactobacilli and humic substances found in al-
ginite. In the group infected with S. Typhimurium, the cel-
lular immune response was significantly stimulated by the
administration of L. reuteri and alginate, particularly at the
local level, in mesenteric lymph nodes of mice by activation
of CD4*CD8* lymphocytes, NK and NKT cells, and at the
level of the innate immune system component by activa-

tion of phagocytosis.
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