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Immunosuppressive effects of carrageenan, a high-molecular-
weight polysaccharide, on antibody and T cell responses have
been previously demonstrated. However, its effect on anaphy-
laxis is unknown. Our objectives were to test carrageenan-
mediated oral tolerance induction in young mice subsequently
sensitized to a common cow’s milk antigen. C3H/HeJ mice were
fed or not l-carrageenan (0.5 g/L) and/or 0.01 mg/mL b-lacto-
globulin (BLG) for 5 d before oral sensitization with BLG and
cholera toxin. Subsequently, the mice were challenged with BLG
and symptom scores of anaphylaxis were recorded. Mesenteric
lymph node cells, spleen cells, Peyer’s patches cells, intraepithe-
lial lymphocytes, and lamina propria lymphocytes were isolated
and stimulated in vitro with BLG, IL-2, or left unstimulated.
BLG-specific IgG, IgG1, and IgG2a antibodies were measured.
Pretreatment with carrageenan and BLG, but not pretreatment
with either carrageenan or BLG alone or omission of pretreat-
ment, diminished significantly the number of anaphylactic mice
after BLG challenge (6.3% versus 53% in mice without pretreat-
ment, p 5 0.006). Mesenteric lymph nodes and spleen cells from

pretreated mice proliferated less in presence of BLG or IL-2 than
cells from sensitized control mice. Antigen-specific antibody
production and passive cutaneous anaphylaxis was not sup-
pressed by carrageenan and BLG pretreatment. In conclusion,
carrageenan administered to young mice in conjunction with low
doses of allergen before sensitization efficiently prevents
anaphylaxis. (Pediatr Res 49: 417–422, 2001)

Abbreviations
BLG, b-lactoglobulin
CT, cholera toxin
DMEM, Dulbecco’s modified eagle’s medium
IEL, intraepithelial lymphocytes
LPL, lamina propria lymphocytes
MNC, mesenteric lymph node cells
PCA, passive cutaneous anaphylaxis
PPC, Peyer’s patches cells
SC, spleen cells

During infancy, large amounts of potentially harmful food
antigens are ingested in large quantities and, in most infants,
oral tolerance is naturally acquired. Animal studies have re-
vealed that early oral exposure to low amounts of antigen tend
to promote sensitization, whereas large amounts favor toler-
ance induction (1). In human infants it is accepted, that poten-
tial food allergens should be completely avoided during the
first months of life in infants at risk for allergy. However, these
measures are only partially efficient in atopic individuals (2).
Development of further strategies favoring induction of early-
life antigen-specific tolerance are strongly needed.

Carrageenan is a high-molecular-weight galactose-based
polysaccharide. When ingested it is found mostly undegraded
in the gut submucosa (3), where it is taken up and cleared by
macrophages (4). Although large amounts of oral carrageenan
induce colitis (5, 6), small quantities do not appear to be toxic
for the gut mucosa (3). Studies in rats have demonstrated an
adjuvant effect similar to alum when carrageenan was given
with ovalbumin by systemic route, but abrogation of the PCA
response when given orally (7). Diminished cellular immune
response mediated by carrageenan has also been demonstrated
in other models. Bash and Vago fed rats with carrageenan and
observed a strongly diminished cellular response in spleen cells
and mesenteric lymph nodes cells (8). Rumjanek and Brent
showed that intraperitoneal carrageenan suppressed T cell ac-
tivity in mixed lymphocyte cultures and abolished mitogen-
induced proliferation (9). These reports suggested an immuno-
suppressive effect of carrageenan. It remained undetermined,
however, whether carrageenan can modify allergic reactions.
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ABSTRACT
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We postulated that oral administration of carrageenan would
prevent sensitization to a common food antigen and induce oral
tolerance. This hypothesis was tested in an animal model of
immediate-type food allergy in which signs of anaphylaxis
were monitored in response to oral challenge with antigen (10).
Mice were treated or not with carrageenan and low doses of
BLG before oral sensitization with BLG. Tolerance induction
was examined by scoring severity of anaphylaxis after antigen
challenge, determination of proliferation of T cells from vari-
ous mucosal and nonmucosal compartments, and measuring
antigen-specific antibody titers.

MATERIALS AND METHODS

Mice. Four- to five-week-old female C3H/HeJ mice were
purchased from IFFA-CREDO (L’Arbesle, France). All mice
were fed cow’s milk protein-free chow, and maintained in SPF
conditions. The study has been approved by the institutional
review board for animal experiments.

Oral sensitization to BLG. Animals were sensitized at d 0,
7, and 14 by gavage after gastric intubation with 10 mg BLG
(Sigma Chemical Co., Buchs, Switzerland) and 10 mg CT (List
Biologic Laboratories, Campbell, CA, U.S.A.) in 0.2 M
Na2HCO3. The total volume given at each gavage was 0.4 mL.
In initial experiments, a control group was fed exclusively 10
mg CT following the same schedule.

Tolerization with carrageenan and BLG. For 5 d before
each of three cycles of gastric sensitization (d 25–0, d 2–7, d
9–14), mice were given water containing l-carrageenan 0.5
g/L (Sigma Chemical Co., Buchs, Switzerland), and BLG 0.01
mg/L ad libitum (pretreatment). BLG was added to favor
antigen-specific tolerance induction. In control groups, mice
were given exclusively either water containing BLG 0.01
mg/L, or carrageenan 0.5 g/L ad libitum for 5 d. To study oral
tolerance acquisition in already sensitized mice (secondary
tolerance), a group of mice received 0.5 g/L l-carrageenan in
water containing BLG 0.01 mg/L for a period of 5 d before
antigen challenge. Each condition included four to six mice, all
experiments were repeated at least twice. The procedures are
detailed in Figure 1.

Antigen challenge. On d 28, all mice were challenged by
intragastric gavage with 10 mg BLG in 0.4 mL 0.2 M
Na2HCO3. Signs were observed and graded using the reaction
score outlined in Table 1. Mice with scores $2 were consid-
ered as having anaphylaxis. For ethical reasons, mice with
severe reactions (score 3) were immediately killed, otherwise,
all mice were killed 30 min after the challenge. Following

sacrifice, blood was collected by cardiac puncture into EDTA-
containing tubes, and plasma was obtained by centrifugation
for 10 min at 1000 3 g for histamine measurement. All
samples were kept at 4°C, and subsequently frozen until his-
tamine determination by commercial ELISA kit (Immunotech,
Marseille, France).

Mesenteric lymph nodes, Peyer’s patches, and spleen cells
proliferation. MNC and PPC were re-suspended in DMEM
(Life Technologies, Basel, Switzerland). SC were additionally
incubated for 5 min in Tris-buffered NH4Cl to remove red
blood cells. Mononuclear cells (2 3 105 cells/well) were
incubated in complete DMEM with 10% fetal calf, penicillin/
streptomycin, L-glutamin, 2-mercaptoethanol, and nonessen-
tial amino-acids (Life Technologies, Basel, Switzerland). Cul-
ture conditions were either alone, in media supplemented with
40 U/mL IL-2, or in presence of BLG (0.25 mg/mL, 20
mL/well). The cells were pulsed on d 5 of culture with 1
mCi/well 3H-labeled thymidine (Amersham, Zürich, Switzer-
land) for 18 h and harvested.

Isolation of intraepithelial lymphocytes and lamina pro-
pria lymphocytes. IEL and LPL were isolated as described
(11). In brief, epithelium of the small intestine was gently
scrapped after removing Peyer’s patches. The cell suspension
was filtered through a nylon wool column, followed by two
cycles of centrifugation with 67% Percoll to isolate IEL. For
LPL isolation, the submucosa was minced and incubated in
collagenase (Sigma Chemical Co., Buchs, Switzerland).

Cell surface analysis. Isolated cell populations were stained
for flow cytometric analysis with the following fluorochrome-
labeled antibodies: anti-CD3, anti-CD4, anti-CD8, anti-TCR
a/b, anti-TCR g/d, anti-aIELb7 (all obtained from Pharmingen,
Basel, Switzerland).

ELISA for BLG-specific serum antibody. Sera were ob-
tained for determination of BLG-specific IgG, IgG1, and IgG2a

levels after antigen challenge. Ten micrograms per milliliter
BLG was coated overnight in MaxiSorp™ microtiter plates
(Nunc, Roskilde, Denmark) followed by incubation of 50 mL
of mouse serum (at 1:50 vol/vol). Either 0.5 mg/mL goat
anti-mouse IgG1, or rat anti-mouse IgG2a peroxidase-labeled
antibodies (Southern Biotechnologies, Birmingham, AL,
U.S.A.) were added and incubated for 2 h. OD was measured
at 490 nm with an automated ELISA plate reader (Molecular
Device Corporation, Menlo Park, CA, U.S.A.). All sera were

Figure 1. Schedules for sensitizations with BLG and cholera toxin, test
challenges, and feedings of carrageenan and BLG for primary tolerance
induction (A), and secondary tolerance induction (B).

Table 1. Anaphylaxis reaction score

Score

0 No reactions Normal activity
1 Mild reactions Decreased activity

Random scratching
Myocloni
Reversibility of symptoms within 59

2 Moderate reactions Marked decreased reactivity
Continuous scratching
Abnormal breathing
Reversibility of symptoms within 109

3 Severe reactions Low reactivity or absence of reactivity
Abnormal breathing
Death, or no reversibility of symptoms

within 159
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tested in duplicate. Results were expressed as arbitrary units,
with pooled sera from immunized mice used as a reference
serum. BLG-specific IgG was measured by coating plates
overnight at 4°C with 10 mg/mL goat anti-mouse IgG (South-
ern Biotechnologies, Birmingham, AL, U.S.A.), followed by
incubation with serum samples (at 1:100) for 2 h at 37°C, and
10 mg/mL biotinylated BLG for 2 h. After adding streptavidin-
peroxidase IgG (Southern Biotechnologies) at 1:2000, plates
were developed with o-Phenylenediamine. Results were ex-
pressed as a ratio compared with the specific antibody level in
pooled sera from sensitized mice with anaphylaxis at antigen
challenge.

Statistical analysis. Values between groups were analyzed
by the Wilcoxon rank signed test for nonparametric unpaired
data.

RESULTS

Mice sensitized to BLG develop anaphylaxis in response to
antigen challenge. Gastric antigen challenge elicited anaphy-
lactic reactions in mice sensitized with CT and BLG. Signs of
anaphylaxis were graded according a standardized score (Table
1). Most mice had anaphylaxis within 10 min of the challenge.
Table 2 summarizes the scores after BLG challenge in a group
of mice sensitized with CT and BLG and in a group given CT
alone (control mice). An anaphylaxis score of $2 was signif-
icantly more frequent in sensitized than in control mice. Ana-
phylaxis scores of $2 correlated with elevated plasma hista-
mine levels. Moreover, PCA was positive only in mice
sensitized with CT and BLG (not shown). To validate further
experiments, at least half of the sensitized mice (sensitized
mice without tolerization procedures) in a same experiment
had to react with a score $2.

Carrageenan with low doses of BLG induces primary
tolerance. Using this animal model, we tested the effect of
l-carrageenan 0.5 g/L given with low doses of BLG (0.01
mg/L) (pretreated) on tolerance induction. Only 1 out of a total
of 16 mice (6.3%) treated with carrageenan and BLG before
sensitization with CT and BLG reacted (Table 3) whereas in
the sensitized group (not pretreated) 8/15 (53%) had anaphy-
laxis score $2 (p 5 0.006). Plasma was assayed for histamine.
In mice pretreated with carrageenan, histamine levels were
lower (mean histamine value 6 SEM: 132.7 6 22.8 ng/mL)
than in mice without pretreatment (mean histamine value 6
SEM: 322.8 6 89.7 ng/mL) but did not reach significance (p 5
0.07).

To verify the synergistic effect of carrageenan and BLG for
tolerance induction, a group of mice was pretreated exclusively
with BLG (0.01 mg/mL) or with carrageenan (0.5 g/L). In
either group, anaphylaxis scores after antigen challenge were
similar to mice sensitized with BLG without pretreatment (5/6
in the group receiving BLG, 5/5 in the group receiving carra-
geenan alone).

We further explored whether tolerance could be induced by
carrageenan plus BLG in already sensitized animals (secondary
tolerance induction). A group of animals was first sensitized to
BLG and then given a single feeding of carrageenan (0.5 g/L)
with BLG (0.01 mg/mL) (prechallenge) before challenge with
BLG. This group reacted similarly after antigen challenge
(50% with anaphylaxis score $2) than the sensitized control
group (not pretreated) (61.5% with anaphylaxis score 2) (p 5
NS) (Table 4).

Carrageenan induces modulation of antigen and IL-2-
induced cell proliferation. Mononuclear cells were isolated
from three lymphoid compartments: the spleen, mesenteric
lymph nodes, and Peyer’s patches. MNC of carrageenan and
BLG pretreated mice (carrageenan 1 BLG) proliferated sig-
nificantly less in media with IL-2 than MNC of naive or
sensitized mice (Fig. 2, p , 0.05). IL-2-induced proliferation
of MNC of both naive and sensitized mice was high. The
degree of proliferation was not different between these two
latter groups. Similar results were seen in SC, with significant
differences between sensitized and pretreated mice for antigen-
induced proliferation. IL-2-induced proliferation was slightly
higher in PPC from pretreated and sensitized mice than in PPC
from naive mice.

When cell proliferation in response to BLG was compared
between the different groups of mice, the proliferation pattern
was similar in cells from all three compartments (SC, MNC,

Table 2. Number of mice from a BLG-sensitized group and a
control mice group (receiving only cholera toxin) assigned to

anaphylaxis scores 0–3 after BLG challenge. Representative results
from more than three different experiments are shown.

Anaphylaxis score

0 1 2 3

BLG-sensitized mice 2 1 1 6
Control mice 6 0 0 0

p , 0.01 by comparing both groups for the occurrence anaphylaxis score
$2.

Table 3. Number of mice from a group pretreated with
carrageenan and BLG before sensitization with BLG (pretreated),

and from a group without pretreatment (not pretreated) assigned to
anaphylaxis scores 0–3 after BLG challenge. Pooled results from

three independent experiments are shown.

Anaphylaxis score

0 1 2 3

Pretreated 11 4 0 1
Not pretreated 2 5 6 2

p 5 0.006 by comparing the number of mice with anaphylaxis score $2 and
mice with anaphylaxis score #1 in both groups.

Table 4. Number of mice from a group first sensitized with BLG
and then fed with carrageenan and BLG before challenge
(prechallenge), and from a group without pretreatment but

sensitized to BLG (not pretreated) assigned to anaphylaxis scores
0–3 after BLG challenge. Pooled results from three different

experiments are shown.

Anaphylaxis score

0 1 2 3

Prechallenge 6 1 4 3
Not pretreated 2 3 5 3

p 5 NS by comparing the number of mice with anaphylaxis score $2 and
mice anaphylaxis score #1 in both groups.
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PPC), unlike IL-2-induced proliferation. Antigen-dependent
proliferation was higher in cells from sensitized mice than from
naive mice in SC, and MNC (p , 0.05). In contrast, antigen-
induced cell proliferation was lower in pretreated than sensi-
tized mice but always higher than in naive mice. The differ-
ences were significant in SC and MNC but not PPC.

The lymphocyte subset distribution in different lymphoid
compartments of the gut is not modified by carrageenan or by
sensitization to BLG. PPC, MNC, and IEL isolated from naive
mice, or pretreated mice were stained with lymphocyte surface
markers (Fig. 3). The number of cells expressing CD3, CD4,
CD8, a4b7 integrin, or aIELb7 integrin in naive mice and

pretreated mice were similar, whereby the proportions of the
different subsets varied in function of their origin (MLN, PPC,
IEL).

BLG-specific antibodies. Serum obtained after antigen chal-
lenge was assayed for BLG-specific antibodies (Fig. 4). BLG-
specific IgG antibodies were present in both carrageenan pre-
treated and sensitized mice. The mean levels of IgG, IgG1 and
IgG2a antibodies were somewhat higher in pretreated than in
sensitized mice but without significant difference. In contrast,
specific IgG, IgG1 and IgG2a from both groups of mice were
significantly higher than from naive mice. Furthermore, PCA
scores were similar in both groups of mice.

Figure 2. Proliferation of cells obtained from lymphoid structures in the gut.
Four groups of mice were examined: naive mice, mice sensitized with BLG
and cholera toxin (sens.), and mice sensitized with BLG and cholera toxin and
pretreated with carrageenan (0.5 mg/mL) and BLG (0.01 mg/mL)
(carra1BLG). Cells were incubated either in media alone (a), in media
supplemented with IL-2 40 U/mL (b), or in media with 0.25 mg/mL b-lacto-
globulin (c). Cells from four mice per group were pooled, and each determi-
nation was done in triplicate. * p , 0.05; 1 p 5 NS.

Figure 3. Flow cytometric analysis of cells isolated from PPC, mesenteric
lymph nodes (MLC), and IEL for CD3, CD4, CD8, a4b7, and aIELb71. Data
were obtained from pooled cells from either four carrageenan-treated mice
(white columns), or pooled cells from four naive mice (black columns). The
results shown are representative of at least three experiments. Results are
expressed as the percentage of total cells obtained.
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DISCUSSION

Carrageenan, administered with low amounts of BLG to
achieve antigen-specific tolerance, could prevent anaphylaxis
in mice subsequently sensitized to BLG together with the
potent mucosal adjuvant CT. Tolerance was induced only
when both carrageenan and antigen were fed together before
sensitization to BLG. Thus, nonspecific immune suppression
due to feeding of carrageenan can be excluded. However,
carrageenan was required for tolerance induction because pre-
treatment of mice with BLG alone before sensitization did not
induce oral tolerance.

Besides oral tolerance induction with regard to anaphylaxis,
pretreatment with carrageenan and BLG before sensitization
was associated with a significantly reduced antigen-induced T
cell proliferation in SC and MNC compared with BLG sensi-
tization. Interestingly, cells deriving from one of the gut-
associated lymphoid tissue compartments (i.e. MNC) and from
spleen showed the same pattern. IL-2-induced cell proliferation
differed in the two gut-associated lymphoid tissues, i.e. MNC
and PPC. Compared with cells from sensitized mice, IL-2-
induced proliferation was decreased in MNC but unchanged in
PPC from mice pretreated with carrageenan and BLG. The
surface marker studies, including CD25, did not disclose any
significant change between pretreated and naive mice. Toler-
ance to common antigens in the gut, and breaches in tolerance
leading to diseases results from complex interaction between
the different cell population, and is far from being completely
understood [reviewed in (12)]. The significance of the change
in lymphocyte proliferation in our experiments is unknown but
has identified SC and MNC as potential candidate cells medi-

ating the tolerizing effect. Transfer of these subsets into naive
mice may provide information on their function in this model.

Previous studies reported similarly diminished lymphocyte
responsiveness in presence of carrageenan, without a visible
modification, or a toxic effect on intraepithelial lymphocytes or
lymph node T cells (3, 7, 13). To explain low lymphocyte
responsiveness, several authors implicated a role for macro-
phages (8, 14). Morphologic modifications of these cells may
mostly be explained by delayed degradation of the high-
molecular-weight polysaccharides. Thus carrageenan-
containing macrophages may either present antigen in a way
that favors induction of tolerance or may secrete factors that
may modify the presentation of adjacent antigen presenting
cells (8).

In contrast to suppressed T cell proliferation in pretreated
mice, we did not see changes in BLG-specific IgG titers or in
PCA response in either group. Our results are in apparent
conflict with those from other groups but may be explained by
differences in readout and treatment protocols. Coste et al.
indirectly measured the antibody response by PCA in iota-
carrageenan-treated mice. PCA tests were negative in treated
groups, suggesting an absence of “reaginic” antibodies (7).
However, no antibody titers were reported in these studies. In
studies reported by Nicklin and Miller, rats were administered
carrageenan for 90 d, followed by parenteral immunization
with sheep red blood cells, which resulted in abolished antigen-
specific antibody response in the treated groups (3). Split
tolerance, i.e. tolerance with regard to one versus a second
readout, has been known for years. In our protocol, we were
able to induce tolerance with regard to anaphylaxis and a
related change in lymphocyte proliferation but not with regard
to PCA and antibody titers. It is currently unknown whether
there is a hierarchy among the reports regarding the ease of
tolerance induction with a given tolerization protocol and/or
whether different protocols vary with regard to their strength in
providing the signal(s) for tolerance induction. Whether func-
tionally distinct types of antigen-specific antibodies of the
same isotype were generated in the pretreated versus sensitized
mice, as described earlier (15), remains to be determined. We
believe, however, that a simple shift in Th1/Th2 balance is
unlikely to explain our results because neither specific antibod-
ies of the G2a isotype indicative of Th1 cell activity nor specific
antibodies of the G1 isotype indicative of Th2 cell activity
differed significantly between sensitized and tolerized mice.

Several authors reported carrageenan-induced colitis in an-
imals given 1.5 g/L carrageenan or more (5, 16). However, in
our studies no symptoms, or macroscopic alteration, suggesting
colitis were observed in animals given 0.5 g/L carrageenan.
These findings may have a favorable implication for therapeu-
tic application of carrageenan as tolerance inductor. In fact,
high-molecular-weight polysaccharides are reported to be non-
toxic in moderate amounts, and are largely present in many
foods (17). Supplementing the food of young infants with
high-molecular-weight polysaccharides such as carrageenan
would represent an easy food ingredient to favor oral tolerance
induction. Further studies are required to investigate this nu-
tritional intervention strategy for oral tolerance induction.

Figure 4. BLG-specific antibody response (IgG, IgG1, IgG2a) measured by
ELISA in serum obtained at antigen gavage. Titers obtained in naive mice are
expressed in gray columns, carrageenan-treated mice are in white columns, and
titers in sensitized mice in dark columns. The results are compared with titers
from a reference serum (sera pooled from sensitized mice with strong anaphy-
lactic reactions), and expressed as a ratio. Sera from four mice per group were
pooled, and each measure was done in duplicate. The results shown are
representative of at least three experiments. p 5 NS for statistical analysis of
IgG, IgG1, and IgG2a levels between carrageenan treated mice and sensitized
mice.
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