
766 Journal of Health Science, 53(6) 766–770 (2007)

Effect of Dietary Mannooligosaccharides on the Immune
System of Ovalbumin-Sensitized Mice
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The effects of the dietary mannooligosaccharides (MOS) from coffee mannan on the anti-allergic functions
were examined using C3H/HeN mice. The mice were givenwater and a dietary treatment containing 2.5% MOS
ad libitum. The mice were sensitized subcutaneously with ovalbumin on the 7th, 21st, and 35th days and then
sensitized intraperitoneally on the 49th day of the study. Serum samples, Peyer’s patches and peritoneal exudate
fluids were collected on the 50th day. In the non-ovalbuminsensitized groups, phosphate-buffered saline (PBS) was
injected instead of ovalbumin. The number of peritoneal acidophils in the MOS diet-fed mice, was significantly
lower than that in the control diet-fed ones. MOS treatment significantly reduced interleukin-10 production and
tended to suppress ovalbumin-specific IgE in serum. However, it did not change interleukin-2 and interferon-
γ production. These results suggest that dietary MOS may have an anti-allergic effect, caused by activation of
cellular immunity.
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INTRODUCTION

Cases of pollinosis and atopic allergies have
been increasing in the recent years1) because of
changes in eating habits and the environment. Al-
lergic diseases are associated with immunological
reaction with antigens contained in foods and envi-
ronmental substances. While there has been an at-
tempt to suppress allergic symptoms in common life
style rather than relying on anti-allergic agents, pro-
biotics and prebiotics have been focused. Immuno-
logical effects of nondigestible oligosaccharides,
such as fructooligosaccharides (FOS),2,3) galac-
tooligosaccharides,4) and raffinose,5) have been
demonstrated. Recently, our studies have revealed
that mannooligosaccharides (MOS) from coffee
mannan improves the intestinal environment6, 7) by
increasingBifidobacterium.8,9) MOS are mannose-
based oligosaccharides withβ-1, 4 linkages. Man-
nose is known to have a preventive effect on
Salmonellainfection.10) It is thought that pathogens
with mannose-specific fimbriae bind to mannose in-
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stead of attaching to intestinal epithelial cells and
move through the intestine without colonization.
MOS from coffee are thusexpected to have im-
munological benefits from both prebiotics and spe-
cific structures. Until now, no studies of MOS
from coffee mannan on immunological effects have
been available. The objective of the present study
was to investigate the immunological effects or anti-
allergic functions of MOS.

Sensitization by egg ovalbumin is used as a typ-
ical allergy model,4) and the evaluation of intestinal
immunity is possible with intraperitoneal sensitiza-
tion. The anti-allergic effect of MOS was investi-
gated using this procedure.

MATERIALS AND METHODS

Preparation of Oligosaccharides—— MOS were
prepared as previously described.11) Coffee spent
grounds were hydrolyzed at 220◦C and weredecol-
orized and desalted using activated carbon and ion-
exchange resin. Free mannose was removed using
activated carbon column chromatography. The dry
solid contained 85% MOS and 0.3% free mannose.
FOS used as positive controls were purchased from
Wako Pure Chemical Industries, Osaka, Japan.
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Animals and Experimental Method —— Seven-
week-old C3H/HeN mice (Japan SLC, Inc., Hama-
matsu,Japan) were used at the start of the experi-
ment. The control groups were fed a powder diet
of CE-2 (CLEA Japan, Inc., Tokyo, Japan). The
MOS (FOS) diets were prepared by adding 2.5%
MOS (FOS) to the control diet. Thirty-six mice
were divided into 6 groups (Table 1). The ovalbu-
min sensitization groups were injected with oval-
bumin subcutaneously on the 7th, 21st, and 35th
days, and intraperitoneally on the 49th day of the
study. On the 50th day, the mice were anesthetized
by diethyl ether to collect blood. After coagula-
tion, serums were obtained by centrifuge 2000 rpm
20 min. Peyer’s patches were collected from small
intestine by visual inspection.

The Experimental Animal Center, Kitasato In-
stitute for Life Sciences approved the experimen-
tal protocol. This experiment was performed in
compliance with the Standards Related to the Care
and Management of Experimental Animals (Notifi-
cation No. 6, March 27, 1980, of the Prime Minis-
ter’s Office of Japan), which are based on the Study
for the Humane Treatment and Control of Animals
(Law No. 105, 1973).
Ovalbumin Sensitization—— Ovalbumin was
dissolved in aluminum hydroxide solution to
obtain a concentration of 0.5 mg/ml; 0.1 ml of this
sensitization solution was injected subcutaneously
into the mice of the ovalbumin sensitization groups
(ovalbumin+). The non-ovalbumin sensitization
groups (ovalbumin−) were injected with phosphate-
bufferedsaline (PBS) instead of ovalbumin.
Determination of Peritoneal Cells—— After 3 ml
of PBS was injected intraperitoneally, the exudate
fluid was collected by inserting a tube and fluids
were collected as much as possible.

After exudate fluids were filtrated on cotton,
cells were collected by centrifugation, then added

Table 1. Experimental Groups

Group MOS FOS OVA
1 CtrlOVA– 0 0 −
2 MOSOVA− 2.5% 0 −
3 FOSOVA− 0 2.5% −
4 CtrlOVA+ 0 0 +

5 MOSOVA+ 2.5% 0 +

6 FOSOVA+ 0 2.5% +

OVA+ groups were injected with ovalbumin subcutaneously
on the 7th, 21st, and 35th days, and intraperitoneally on the 49th
day of the study. MOS or FOS diet was prepared by adding to
control diet. Each groupn = 6.

1 ml of PBS to prepare suspension. One drop of
the suspension on slide glass was extended by cover
glass and soaked in methanol for 5 min. to fix
the cells. After drying, cells were classified with
Giemsa stain and counted.
Cytokine Production in Peyer’s Patches——
TNF-α, IFN-γ, IL-2, IL-8 and IL-10 levels were de-
termined by using a ELISA. Peyer’s patches were
collected from the small intestine, and lymphocytes
were isolated from them. The lymphocytes were
prepared on FBS(−)-RPMI1640 medium to obtain
a cell count of 1× 106 cell/ml, and 1 ml of the cell
suspension was placed in a 24-well plate and incu-
bated for 2 hr in a CO2 incubator. The medium was
collected, and the cytokine produced was measured.
Determination of Ovalbumin-Specific IgE in the
Serum —— Mouse IgE antibody (0.5µg/ml) was
prepared in 50 mM sodium carbonate buffer (pH
9.6); 100µl of this solution was coated on a 96-
well plate, blocked using 1% bovine serum albu-
min prepared in tris-buffered saline (TBS), and then
cleansed using 0.05% Tween 20 prepared in TBS
solution. Diluted mouse serum (100µl), biotiny-
lated ovalbumin solution (100µl), and streptavidin-
alkaline phosphatase (100µl) were added sequen-
tially to every well. Each addition was fol-
lowed by an hour of incubation and cleansing.p-
Nitrophenyl phosphate disodium salt hexahydrate
solution (100 ml) was added to each well; 1 hr after
incubation, the absorbance was measured at 490 nm
using a plate reader, and that of control at 405 nm.
Statistical Analysis—— Each data value is ex-
pressed as the mean± S.D. The three test diet
groups, compared under the same ovalbumin con-
dition (ovalbumin− or ovalbumin+), were evalu-
ated using analysis of variance (ANOVA). A Tukey-
Kramer test was used forpost-hocanalysis. Com-
parisons between the ovalbumin− and ovalbumin+
individuals within each test diet group were as-
sessed by the unpaired Student’st-test.

RESULTS

Growth
Neither ovalbumin sensitization nor MOS and

FOS treatment had an observable effect on the
growth of mice.

Peritoneal cell counts
Thenumber of peritoneal total cell significantly

increased with ovalbumin sensitization. There was a
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Fig. 1. Effects of MOS and FOS Treatment on Peritoneal Total
Cell (A) and Acidophils (B) in OVA Sensitized Mice

Each value is the mean± S.D. (n = 6). Mean values with un-
like superscript letters (a,b group OVA− andx,y,z group OVA+) are sig-
nificantly different (p < 0.05). ∗∗∗p < 0.001, significantly different
between the groups OVA− and OVA+ within each test diet group.

significant decrease with MOS treatment at the time
of ovalbumin sensitization (Fig. 1A).

The number of peritoneal acidophils signif-
icantly increased with ovalbumin sensitization.
There was a significant decrease with MOS and
FOS treatment, and MOS treatment was more effec-
tive to suppress the numbers than FOS at the time of
ovalbuminsensitization (Fig. 1B).

Serum Immunoglobulin
Serum IgA significantly increased with MOS

and FOS treatment and with ovalbumin sensitiza-
tion at MOS and FOS treatment. In the ovalbumin
sensitization groups, serum ovalbumin-specific IgE
increased significantly with the sensitization and
tended to be suppressed with MOS treatment (Ta-
ble 2).

Cytokine Production in Peyer’s Patches
There was a significant increase in TNF-α, IL-8,

and IL-10 production by Peyer’s patches after oval-
bumin sensitization whereas a significant decrease
was seen in the above factors with MOS and FOS

Table 2. Effects of MOS and FOS Treatment on Serum Immunoglobulin and Peyer’s Patch Cytokine
Production

OVA−
Ctrl MOS FOS

Serum Immunoglobulin
IgA (mg/100 ml) 345 ±47a 447 ± 55b 433 ± 64b

OVA-specific IgE titers 1.0± 1.2 2.0± 3.4 1.5± 2.6

Peyer’s Patch Cytokine Production (pg/ml)
TNF-α 0.3± 0.3a 0.4± 0.4a 10.8± 3.3b

IL-8 0.3± 0.5 0.4± 0.4 0.4± 0.4
IL-10 28.4± 6.9a 46.0± 8.4b 33.2± 10.2a,b

IFN-γ 94.1±26.8 78.7± 8.2 86.4± 8.4
IL-2 11.7± 4.7 16.4± 7.8 22.7± 11.9

OVA+
Ctrl MOS FOS

Serum Immunoglobulin
IgA (mg/100 ml) 332 ± 56x 614 ± 95y,∗∗ 569 ± 99y,∗

OVA-specific IgE titers 56.2± 34.0∗∗∗ 32.6± 11.4∗∗∗ 46.8± 10.7∗∗∗

Peyer’s Patch Cytokine Production (pg/ml)
TNF-α 348 ± 68y,∗∗∗ 142 ± 20x,∗∗∗ 155 ± 18x,∗∗∗

IL-8 287 ± 48z,∗∗∗ 21.7± 11.8x,∗∗ 78.2± 23.2y,∗∗∗

IL-10 468 ± 78y,∗∗∗ 84.7± 20.4x,∗∗ 143 ± 55x,∗∗∗

IFN-γ 576 ± 233∗∗∗ 497 ± 89∗∗∗ 587 ± 120∗∗∗

IL-2 47.4± 13.7∗∗∗ 61.9± 22.1∗∗∗ 57.0± 16.4∗∗

Each value is the mean±S.D. (n = 6). Mean values with unlike superscript letters (a,b group OVA− andx,y,z

group OVA+) are significantly different (p < 0.05). ∗p < 0.05, ∗∗p < 0.01, ∗∗∗p < 0.001, significantly different
between the groups OVA− and OVA+ within each test diet group.
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treatment. IFN-γ and IL-2 productions significantly
increased with ovalbumin sensitization but did not
change with MOS and FOS treatment (Table 2).

DISCUSSION

In this study, we first demonstrated the effect of
MOS treatment on the immune system. The mice
weresensitized with ovalbumin and fed MOS. Peri-
toneal infiltration total cell, peritoneal acidophils,
ovalbumin-specific IgE in the serum, TNF-α pro-
duction and IL-8 production by Peyer’s patches in-
creased with ovalbumin sensitization. The increase
of infiltration cell especially acidophils is typical al-
lergic inflammation. As IL-812) and TNF-α13) ex-
hibit chemotactic activity to the infiltration cells, the
increase of infiltration cell was caused by these cy-
tokine increase. The suppression of infiltration cell
was observed in company with IL-8 and TNF-α de-
crease with MOS treatment at the time of ovalbu-
min sensitization. These results indicate that MOS
may have an effect in suppressing the allergic symp-
toms. MOS treatment had a tendency to suppress
serum IgE, which may also support the anti-allergic
function of dietary MOS, since allergic diseases are
associated with increased serum IgE.

Many investigators have agreed that allergies
rely on Th1/Th2—the T cell differentiation bal-
ance.14) Th2 is considered dominant during the
neonatal period;15) bacterial infections or changes
in the intestinal flora affect the Th1/Th2 balance.16)

Th1 cells produce IFN-γ and IL-2 and these cy-
tokines induce a cellular immune response. On the
other hand, Th2 cells produce IL-10, which inhibits
Th1 cells and promotes IgE secretion by B cells.17)

Th2 sometimes remains dominant because of var-
ious factors, such as a decrease in infection, use
of antibiotics, and dietary habits. The state of Th2
dominance is considered to cause an allergy.

MOS treatment stronglysuppressed TH-2 type
cytokine, IL-10 production but not TH-1 type cy-
tokine, IL-2 and IFN-γ production at the time of
ovalbuminsensitization. These results indicate that
MOS treatment cause a state of Th1 dominance,
and the anti-allergic effect of MOS might have de-
pended on this change.

On the other hand, serum IgA increased with
MOS treatment. IgA produced by Peyer’s patches
plays an important role in defense against intestinal
infections. It has been reported that IgA excretion
in the feces increases with FOS treatment.18) Unlike

IgE, intestinal immunity may be activated by MOS
regardless of ovalbumin sensitization.

It is known that many kinds of bacteria in-
habit the human intestine, constituting a stable flora.
These flora influence the host’s immune system
through Peyer’s patches, which is the immune tis-
sues existing in the intestine.19) MOS areselectively
used byBifidobacteriumor Lactobacillus1) to mul-
tiply. Bjorkstenet al. reported that allergy is sup-
pressed whenBifidobacteriumor Lactobacillusare
the dominant bacteria in the stool.20) Because MOS
treatment results in dominance ofBifidobacterium
andLactobacillusin the intestine, it is thought that
the anti-allergic effect of MOS is partly caused by
the intestinal flora change.

Recently, a new mechanism to explain the anti-
allergic effect of oligosaccharides has been pro-
posed. Raffinose and galactooligosaccharides sup-
press allergies not by means of intestinal flora
change.4) In this study, we found that the degree of
suppression of peritoneal acidophils by MOS dif-
fered from that by FOS. This difference may be
partly attributable to the non-intestinal flora. MOS
have a linear structure consisting ofβ-linked man-
nose. It has been reported thatβ-glucan directly
stimulates lymphocytes,21) and our data (not pub-
lished) indicate that MOS activate macrophages
in vitro. Thus MOS may directly affect the gut-
associated lymphoid tissues. Although further stud-
ies are needed to better define the mechanism by
which MOS influence the immune system, an ev-
idence of beneficial effect needs to be provided.
Sincepollen allergy is more commonly observed,
a study evaluating the effects of MOS on pollen al-
lergy would offer a good opportunity to demonstrate
such benefits.

To conclude, we have confirmed that MOS from
coffee mannan has a potentiality to suppress allergic
symptoms. Because MOS are safe and suitable in-
gredient for various kinds of foods, it is hopeful for
a wide range of applications to modulate immune
system through controlling Th1/Th2 balance.
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