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Abstract Probiotic is a preparation containing microor-
ganisms that confers beneficial effect to the host. This work
assessed whether oral administration of Bacillus amylo-
liguefaciens SC06 (Ba) could decrease bacterial translo-
cation in weaned mice. Weaned C57BL/6 were randomly
allocated into three groups: group I as the control group,
group II were treated with 0.85 % NaCl. Group III was
administered with probiotic Ba 1 x 10° CFU/day dis-
solved in 100 pl of 0.85 % NaCl for 30 days. Mice were
then sacrificed, and tissue were cultured to determine
bacterial translocation. Meanwhile, splenic CD4™T cells,
CDS8™T cells, B cells, and macrophages were analysised by
FACS. Our results showed that probiotic Ba significantly
reduced bacteria translocation compared with the control
group and 0.85 % NaCl group (P < 0.05), lower levels of
bacteria were detected in the MLN, liver, spleen, and
kidney of mice. Moreover, significant increase in percent-
age and number of macrophages were observed in the
spleen of Ba-treated mice compared with the control and
0.85 % NaCl groups. Together, these data indicated that Ba
could decrease bacterial translocation in weaned mice. This
effect seems to be correlated with the changes of macro-
phage numbers.
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Introduction

Weaning is a critical stage of gut development and postnatal
growth in mammals, including rodents, pigs, and humans.
Animals at the weaning stage become more susceptible to
infection and intestinal disorders. Therefore, it might lead to
bacterial translocation (BT) during this critical stage [8]. BT
is defined as the passage of viable bacteria from the gastro-
intestinal tract to extra-intestinal sites, such as the mesenteric
lymph node (MLN) complex, liver, spleen, kidney, and
bloodstream. Three primary mechanisms promote BT from
the gastrointestinal tract: (a) intestinal bacterial overgrowth,
(b) immunodeficiencies, and (c) increased intestinal per-
meability [5, 24]. BT may cause the ingress of viable bacteria
and their antigens with the development of sepsis, initiation
of the cytokines mediated multiorgan dysfunction syndrome
(MODS), systemic inflammatory response syndrome
(SIRS), and death [10]. Probiotics are defined as non-path-
ogenic live microorganisms that seem to promote gut health
and regulate intestinal homeostasis [9, 23]. There are sub-
stantial researches focusing on modulation of the intestinal
microbiota and host inflammatory responses by probiotic
bacteria [23]. However, fewer studies have studied whether
the availability of genus Bacillus reduce the BT.

Bacteria of the genus Bacillus can produce a large
number of antimicrobial peptides with different chemical
structures, such as bacteriocins, bacteriocin-like sub-
stances, and lipopeptides [2, 17, 25]. Bacillus amylolique-
faciens (Ba) has been a major workhorse for the production
of a variety of commercially important enzymes and
metabolites for the past decades [21]. Recent studies
focused on the antifungal proteins or antimicrobial factors
from B. amyloliquefaciens [2, 3, 28]. In this study, this
work assessed whether oral administration of B. amylo-
liquefaciens SC06 (Ba) could decrease BT in weaned mice.
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Materials and Methods
Mice and Reagents

C57BL/6 were purchased from Shanghai Slac Animal Inc.
and maintained in Experimental Animal Center of Zhejiang
University. Experimental protocols for animal studies were
approved by the Institutional Animal Care and Use Com-
mittee of Zhejiang University.

Bacterial Strains and Medium

The probiotic B. amyloliquefaciens SC06 (Ba) was isolated
from soil and kept at China Center for Type Culture Col-
lection (CCTCC No: M 2012280). Luria—Bertani (LB)
medium (per liter: peptone 10 g, yeast extract 5 g, NaCl
10 g, pH 7.2) was used in inoculum culture. 5 ml LB
medium was inoculated with strain Ba, and shaken at
180 rpm for 10 h at 37 °C. After 10 h cultivation, Ba were
collected by centrifugation, washed three times with PBS.

Bacterial Translocation

Mice weaned on day 23, and then raised under conventional
environment. The mice were divided into three groups. Group
I as the control group, group II were treated with 0.85 %
NaCl. Group III was administered with probiotic Ba 1 x 10°
CFU/day dissolved in 100 pl of 0.85 % NaCl. After 30 days,
mice were anesthetized and MLN, liver, spleen, and lungs
were removed under sterile conditions. The collected tissues

were weighed and homogenized in 500 pl of sterile saline.
Aliquots of the homogenate from each tissue were plated onto
Tryptic Soy Broth (TSB) agar plates. The plates were
examined after aerobic incubation at 37 °C for 24-48 h.
Representative colonies were expressed as colony forming
unit per gram of organ tissue (CFU/g tissue).

Flow Cytometric Analysis

To detect splenic CD4™T cells, CDS™T cells, B cells, and
macrophages, cells were incubated with phycoerythrin-
labeled antibodies against mouse CD4'T, CD8™'T, F4/80 and
B220 (eBioscience) for 30 min on ice, washed, and analyzed
in a FACScalibur flow cytometer (Becton—Dickinson) [7].

Statistical Analysis

All data are expressed as mean + SD of at least three inde-
pendent experiments. Statistical analyses were performed
using Student’s two-tailed ¢ test. Values of P < 0.05 were
considered significant.

Results

Oral Administration of B. amyloliquefaciens SC06
Decreases the BT in Weaned Mice

In weaned mice, there were no significant differences between
the control group and 0.85 % NaCl treatment group in
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and mice with 0.85 % NaCl, = T iS5 2
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(n = 6). b Weaned mice of 3 = 5 —; - -1
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Fig. 3 Effect of Ba on Control NaCl Ba
macrophage of spleen in A 2000 ' '
weaned mice. a Macrophage s 1500
proportion in spleen. 1800
b Macrophage number in e )
spleen. Data are mean £ SD for % 3.35% ki 3.23% - 8.55%
at least three independent g "o F
experiments. *P < 0.05 (¢ test) (& -
0 0
o -] o
nno ln‘ 1::2 10, w o' "W n] w0 :uu lo‘ w 13) IQ.
F4/80 -
B 5.0x10¢ -
A
4.0x10¢ - e
NS —
3.0x10° 4 _t
L ] AR
2.0x10° +
1.0x10°4 — 2T
- 7 - E |
.
0 v v v
N
& & @
&

bacterial levels of the MLN, liver, spleen, and kidney,
respectively (P > 0.05) (Fig. la—d). Interestingly, oral
administration of probiotic Ba significantly reduced bacteria
translocation compared with the control group. Lower levels
of bacteria were detected in MLN, liver, spleen, and kidney of
mice (P < 0.05) (Fig. 1a—d). These results indicated that
probiotic Ba ameliorated the maternal separation-induced BT.

CD4*T, CDS™T and B Cells Proportion
and Macrophage Number in the Spleen of Mice

The percentage and absolute number of splenic CD4 T,
CD8'T and B cells were determined by FACS after
weaned mice were treated with the Ba supplement. As
shown in Fig 2, after 30 days, no statistical difference in
proportion and absolute number of splenic T (CD4" and
CD8") and B cells were noted between the groups.
Moreover, the percentage of Thl and Th2 did not show
differences in the spleen when the mice were treated with
Ba. Meanwhile, there have no statistically change in the
IgG and IgM levels (relative to B cells function) in intes-
tinal mucosa among the groups.

Thus, probiotic Ba may have no immunomodulation of
the T (CD4" and CD8") and B cells in weaned mice.

Macrophages Proportion and Macrophage Number
in the Spleen of Mice

At the same time, we tested the effect of supplemented Ba
on the percentage and number of macrophages in spleen of

@ Springer

weaned mice. As seen in Fig. 3, dramatically increase in
the percentage and number of macrophages were observed
in the spleen of Ba-treated mice compared with the control
and 0.85 % NaCl group (P < 0.05). These data suggested
that administration of Ba could decrease the BT in weaned
mice, which might be relevant to the changes in macro-
phages numbers and function.

Discussion

The microflora plays a very important role in maintaining
the normal intestinal ecological environment and supplying
preferred fuels to the intestinal wall, consequently sup-
porting the intestinal barrier [20]. Changes in diet, stress,
the use of antibiotics and excessive hygiene all bring
changes in the microbiological ecosystem. Bacterial
translocation is caused by the passage of viable pathogens
from the gastrointestinal tract through the mucosal epi-
thelium to other sites such as the MLN, spleen, liver, and
blood [5]. In the present study, we tested the effect of oral
administration of Ba on BT in weaned mice. The results
demonstrated a significant reduction of BT after oral
administration of Ba. Studies have shown that disruption of
intestinal microflora balance may increase the incidence of
BT by modifying intestinal barrier function [20]. The effect
of dietary fibre and lactobacilli on BT has been investi-
gated in several studies. In models of cytotoxic drug-
induced gut injury and liver injury, pectin and oat fibre
were shown to reduce BT [1, 16]. Administration of live
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lactobacilli either orally or by enema will further reduce
the translocation [1]. The effect is different for different
lactobacilli and the strongest effect was found with
Lactobacillus plantarum and Lactobacillus rhamnosus [15].
The mechanisms underlying the decreased translocation are
not illustrated. One effect may be mediated via an action on
the intestinal wall and its permeability. A study using the
Using chamber technique found that Lactobacilli will
significantly reduce an Escherichia coli-induced increase in
permeability [14].

The immune system of mammals includes a complex
array of cells and molecules, which interact to provide pro-
tection from challenge by pathogenic microbes (bacteria,
viruses, parasites). Cells of innate immune system act as the
first line of defence against pathogens but are not overly
specific in their ability to recognize their target [6]. Inflam-
mation is acomplex biological response to infection or injury
that involves many different cell types, mediators, and
stimuli [18, 26]. Key players in the innate immune response
include the phagocytic cells like neutrophils, monocytes and
macrophages. Macrophages are able to produce cytokines
recruiting other inflammatory cells such as neutrophils.
Macrophages recognize an array of stimuli from endogenous
and exogenous sources and respond with remarkable phe-
notypic plasticity [18, 19]. It is well established that mac-
rophages undergo along 2 distinct pathways of activation
under different cytokine microenvironments: the classical
(M1) pathway and the alternative (M2) pathway. Activation
of macrophages can express distinct functional programs
under the different micro-environmental signals. M2 mac-
rophages function in resolving inflammation while promot-
ing cell proliferation and wound healing. M1 macrophages
possess an enhanced phagocytic and clear intracellular
pathogens in pathological conditions such as infections
[4, 11, 14]. M1 appeared in irradiated mice, and were shown
to be resistant against Enterococcus faecalis translocation
and subsequent sepsis. M2 were responsible for the impaired
resistance of mice irradiated with gamma-rays to BT and
subsequent sepsis. In contrast, M1 appeared in irradiated
mice, and were shown to be resistant against BT [13]. Our
previous study indicated that probiotic Ba facilitated polar-
ization of M1 macrophages and enhanced its phagocytic
capacity in mouse bone marrow-derived macrophages [12].
Thus, it would be interesting to further explore the role that
Ba mediated the M1 macrophage polarization in weaned
mice. Many studies have shown that each probiotic appears to
influence the immune system in a particular fashion [9, 21, 22].
Comparative genomic analyses of the different strains could
provide useful information for determining the strain-spe-
cific factors that would explain these differences. More
detailed studies are needed to determine the precise action
modes of probiotic Ba on both mucosal and systemic
immunity. The use of transgenic or knockout mice and other

animal models would allow a better understanding of these
mechanisms [27].

In summary, our results suggest that administration of
B. amyloliquefaciens SC06 could reduce BT in weaned
mice. This effect seems to be correlated with the change of
macrophage numbers. Although these studies do not cover
the entire range of potential immune responses affected by
probiotic Ba, they do, importantly, demonstrate that the
probiotic play a critical role in the pathogenesis and pro-
gression of intestinal disorders involving probiotic-medi-
ated macrophages proliferation.
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