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ABSTRACT. A preparation of peptidoglycan (PG) of swine Bifidobacterium thermophilum was orally administered to SPF-BALB/C and ICR
mice and its effect on phagocytosis splenetic neutrophils from PG administered mice was measured by chemiluminescent response (CL)
and fluorometric analysis and the result was compared with that of non-treated mice. PG stimulated phagocytosis of neutrophils in a dose-
dependent manner, whereas dosage exceeding the optimum concentration (500 ug) inhibited phagocytosis. The maximum effect on
phagocytosis of neutrophils was observed at 3 days after administration of PG 500 pg. The result of fluorometric analysis was almost
similar to that of CL. These results indicate that orally administered PG enhances the activity of the phagocytosis of splenetic neutrophils

from mice. — KEY worps: Bifidobacterium, neutrophil, peptidoglycan.

Bifidobacterium, the intestinal flora in humans and
animals [10], has been reported to possess antitumor activity
[21] and play roles in the various biological function
especially to exclude the intestinal infections [11]. These
effects were considered to be due to the enhancement of
immunoactivities by Bifidobacterium: it has been proved
that peptidoglycan (PG) of Bifidobacterium [18, 19] has a
carcinostatic effect, and that muramyl dipeptide (MDP)
purified from PG is the essential component for activating
an immune response [2, 9, 12]. PG of B. thermophilum
enhanced immunoresponse not only of swine [13, 17] but
also of chickens [11], mice and guinea pig [12]. It has
become clear that PG of B. thermophilum possesses the
ability of immunopotentiation or sequential stimulator of
nonspecific immune responses in a wide variety of hosts.
The purpose of this study was to observe the enhancement
of activity in phagocyte function of splenetic neutrophil of
mice by the oral administration of PG from B. thermophilum.

The preparation method of PG precisely followed that of the
previous study [12]. The final PG-preparation (1 m/) contained
the cell wall digestion from 10'? native cells of B. thermophilum
and had non LPS contamination, which was measured by
ENDOSPECY ES-200 (Seikagaku Kogyo Co., Ltd., Tokyo).

Splenetic neutrophils of mice were prepared at 4 x 10°
cells in 1 m/ of MEM (Gibco Co., Ltd., U.S.A.) with 5 mM
hepes buffer solution (5 mM HEPES-MEM). Phagocyte
function of neutrophils was measured by chemiluminescence
method with Biolumat LB9505 (Berthold, Germany) and
fluorometric analysis with FACScan (BBL. Co., Ltd.,
U.S.A.). The results were expressed as chemiluminescence
(CL) intensity and the number of dots of cytofluorograph.
Data were analyzed statistically by Student's paired #-test.

The PG solution was prepared at concentrations of 50
ug/0.5 mi, 500 ug/0.5 m/ and 5,000 pug/0.5 m{ PBS and
was administered directly via a canula to SPF-BALB/C
mice. Sterile PBS was orally administered to the control
group in the same manner. Administration of PG increased
the CL response of neutrophils in mice, with the CL intensity
of 500 ug PG administered mice being significantly higher
than that of non-treated mice (P<0.01). The most effective
PG dose for CL intensity was 500 ug/mouse of oral
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administration. In contrast, a high dose (5,000 ug/mouse)
actually decreased the activity of CL response (Fig. 1).

CL intensity of splenetic neutrophils at 1, 3 and 7 days
after single oral administration of 500 ug PG were
significantly higher (P<0.01) in PG treated than in non-
treated mice, with the value at 3 days post-treatment being
particularly elevated. CL response increased at 1 day after
treatment, and the difference at this time was also significant
compared with that of non-treated control (P<0.01). CL
intensity at 7 days after PG administration also showed
significant difference against the control (P<0.01) (Fig. 2).

The fluorometric analysis showed that the results of
splenetic neutrophils of 5 ICR mice which had been fed
with 500 ug PG were 15,263 * 225 and non-treated group
were 13,969 £ 730. PG-treated group was significantly
higher than those of non-treated group (P<0.01).

There have been many reports that Lactobacillus
bulgaricus [4,7, 8, 14}, Lactobacillus casei [6], kefire grain
[3], streptococcal agent [20], Klebsiella pneumoniae {1] and
bifidobacteria [5] activated the phagocytosis of macrophages
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Fig. 1. Effect of PG dose on chemiluminescence intensity (CL
intensity) of neutrophils of mice. The phagocytic activity was
represented by CL intensity. Data are presented as mean t
standard deviation (S. D.). Five BALB/C mice were treated
p.o. with 50 ug, 500 ug or 5,000 ug PG or PBS (non-treated).
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Fig. 2. Time course of the effect of PG administration on CL
intensity of neutrophils of mice. The phagocytic activity was
represented by CL intensity. Data are presented as mean *
standard deviation (S.D.). Five BALB/C mice were given PG
500 ug (hatched) or PBS (open).

while no details was clarified concerning the phagocytosis
of neutrophils in these organism or agents.

In this study, the phagocytic activity was represented by
CL response and fluorometric analysis. CL response was
applied to the analysis of intra-cellular reaction of
phagocytes and fluorometric assay was used to the analysis
of the direct phagocytosis of fluorescein-labeled latex
particle. We showed that oral administration of PG from B.
thermophilum promoted the phagocytosis of splenetic
neutrophils of mice in which there was a dose-dependent
response to PG of the activity of neutrophils. However,
when an excessive dose of PG was administered, the
phagocytosis of neutrophils was suppressed. This result
was the same as the findings reported with B-glycan [21].

We previously confirmed that oral administration of PG
from B. thermophilum isolated from adult swine activates
local immunity response in the small intestine of piglets
[13, 18]. It was also found that the defense activity of mice
against Escherichia coli (E. coli) infection was accelerated
by PG treatment, and blast-formation of lymphocytes from
the spleen was detected at a higher ratio with PG
administration than that of non-treated mice [15]. It was
considered that these mechanisms of the defense activity
might be the enhancement of phagocytosis in mice with PG
treatment. We proved, on the other hand, that the cytocidal
activity of natural killer cells and cytotoxic T lymphocytes
of mouse was enhanced by orally administered PG [16].

The phagocytic activity of neutrophils was increased 1
day after the oral administration of PG, reached a maximum
at 3 days post-treatment, and then followed a decreasing
trend. These results were consistent with those obtained
from an E. coli inoculation study where the survival rate
was improved 1 day after giving PG orally, becoming 100%
on day 3 post-treatment, and then decreasing thereafter [15].
The results also correspond with those of a study on a
lactobacilli preparation [4].

Our results have indicated that the oral administration of
PG enhanced systemic immunoreaction, and that the defense

activity takes place at the systemic level. We thought the
activated neutrophils in the PG-orally administered mice
eliminated E. coli quickly and strongly. As a result, the
survival rate of mice might be vastly improved.

Taken together, the findings of this study indicated that
the effect of the oral administration of PG reinforced
phagocytosis of neutrophils and augmented the initial defense
ability against infection. We suggest that the application of
the oral administration of PG provides a useful method of
prophylaxis against the invasion of bacteria, and that the
management of domestic animals/livestock would greatly
benefit from the addition of PG as the feed supply.
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