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Abstract This study was performed to determine the effects of γ-irradiation on the antiallergic activity of alginate. An
alginate aqueous solution was γ-irradiated at 3, 5, 7, 10, 20, and 100 kGy. First, the molecular weight (Mw) of alginate rapidly
decreased as the γ-irradiation dose increased up to 20 kGy. Then, the antiallergic activity of the γ-irradiated alginate was
measured. Interlukin (IL)-4 cytokine and IgE level were significantly decreased in the γ-irradiated alginate groups as
compared to the control group in vitro. The mice intraperitoneally administered with the γ-irradiated alginate exhibited lower
ovalbumin-specific IgE and IgG1 level in serum than the control mice. Furthermore, the γ-irradiated alginate suppressed total
and ovalbumin-specific IgE secretions in the splenocytes. Increased IL-2 level was observed in the culture supernatants of the
splenocytes that were obtained from the mice administerd with the γ-irradiated alginate, while IL-4 level decreased. The
present study indicates that γ-irradiated alginate can suppress allergy in a mouse allergy model. 
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Introduction

The type I allergic reaction against such agents as house
dust, pollen, and food is directly caused by the allergen-
specific IgE antibody. Thus, the development of a method
for inhibiting allergen-specific IgE production is a useful
approach for preventing allergic diseases. IgE secretion is
activated by the development and activation of Th2 cells.
Th2 cells secret interlukin (IL)-4, which is a critical
cytokine for inducing IgE and IgG1 production (1). On the
other hand, the Th1 cells mainly produce interferon (IFN)-
γ, which inhibits IgE and IgG1 secretion and enhances
IgG2a secretion. Thus, shifting the balance from Th2 to
Th1 dominance should be a strategy for preventing IgE-
mediated allergic responses (2,3).

Alginate is a linear polysaccharide composed of α-1,4-
L-guluronic acid and β-1,4-D-mannuronic acid, and exists
in the extracellular matrix and cell membrane of brown
algae (4). Alginate has been used extensively for various
applications in the food, cosmetic, pharmaceutical, and
bioengineering industries because of its unique structure,
distinctive properties, safety, and biodegradability (5,6).
Recently, the numerous physiological activities of
oligoalginate derived from enzymatic depolymerization
have been reported (7-9). Tadashi et al. (10) revealed the
anti-allergic activity of oligoalginate, and Kawada et al.
(11) reported that oligoalginate enhances the growth of
human endothelial cells.

In this way, developing a method to produce low
molecular polysaccharides is being looked at seriously
because the interest in the physiological activity of other
oligosaccharides as well as alginate is increasing. As

already reported, oligosaccharides can be prepared by acid
hydrolysis, enzymatic degradation, and ultrasound treatment
(12-15). But these methods are difficult to use in the food
industry due to various problems such as high expense,
difficulty in making products uniform, and the inability for
mass production. On the other hand, γ-irradiation has
recently been attempted as an application for degrading
diverse polysaccharides due to it's convenience in process
control, accuracy, energy efficiency, uniformity, and high-
volume mass production possibilities for product (16,17).
γ-Irradiation can produce low molecular polysaccharides
because the polysaccharides can be degraded by the
scission of glycosidic bonds, by free radicals formed by
radiolysis during irradiation (18). As already reported, the
molecular structures of starch and cellulose are significantly
reduced by γ-irradiation (19,20).

Also, the food irradiation is attractive as a more effective
technology than thermal processing, cold storage, freezing,
and chemicals in the food industry for preservation and
processing, because it has many advantages, such as
process control, cost, wholesomeness, and environmental
compatibility. Moreover, γ-irradiation has been used to
inhibit sprouting, delay physiological ripening, disinfect
insects and parasites, kill bacteria in foods, and improve
physical properties (21,22). Lately, the food irradiation has
been put to practical use since the safety of irradiated food
was published by international health authorities, including
the Food and Agriculture Organization (FAO), International
Atomic Energy Agency (IAEA), and World Health
Organization (WHO), and CODEX general standards for
irradiated foods were selected. Now, irradiation is allowed
for 250 items in 52 countries around the world (21). In
Korea, the Korean Food & Drug Administration (KFDA)
has currently approved γ-irradiation for certain food items
such as potatoes, whole egg powder, and dried spices (23).

In this study, the effect of γ-irradiation on the molecular
weight (Mw) of alginate was measured, and then the
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antiallergic activity of the γ-irradiated alginate was evaluated.
To investigate the effects of γ-irradiation on antiallergic
activity in vitro, mice were intraperitoneally injected with
ovalbumin. Then, IL-4 cytokine and IgE level in the
culture supernatants of the mouse splenocytes treated with
the γ-irradiated alginate were measured. For the in vivo

test, the γ-irradiated alginate solution was injected into the
peritoneal cavities of the mice, and then ovalbumin-
specific antibody levels in the serum, as well as cytokine
and IgE level in the culture supernatants of the splenocytes
were measured.

Materials and Methods

Mice Female BALB/c mice (6 weeks old) were purchased
from Orient Bio Inc. (Seoul, Korea), maintained in a
temperature and light controlled room, and were then
acclimated for at least 1 week before starting the study.

Reagent Alginate (alginic acid sodium salt from brown
algae), ovalbumin (Grade V), aluminum hydroxide gel,
bovine serum albumin (BSA), and 3-4-5dimethylthiazol-2-
yl-2,5 diphenyltetrazolium bromide (MTT) were purchased
from Sigma-Alrich (St. Louis, MO, USA). Roswell Park
Memorial Institute (RPMI) medium 1640 was obtained
from Gibco Co. (Grand Island, NY, USA), and fetal bovine
serum (FBS) and penicilline/streptomycin were obtained
from Hyclone Co. (Logan, UT, USA). An IL-2, IFN-γ, IL-
4, and IgE enzyme-linked immunosorbent assay (ELISA)
kit were acquired from BD Bioscience Co. (San Jose, CA,
USA).

γ-Irradiation The alginate was dissolved in distilled water
to 10 mg/mL. The alginate solution was irradiated at 3, 5,
7, 10, 20, and 100 kGy in a cobalt-60 irradiator (IR-79;
Nordion International Ltd., ON, Canada) equipped with
100 KCi activities and operated at a dose rate of 10 kGy/
hr at room temperature. The γ-irradiated alginate solutions
were stored at 4oC.

Gel permeation chromatography (GPC) The Mw of
the irradiated alginate solutions was measured using GPC.
GPC of the irradiated alginate solutions (1 mg/mL) was
performed on a Waters GPC system instrument equipped
with a 2×PL aquagel OH mixed column, using elution at
35oC with buffer (pH 7), and a flow rate of 1 mL/min. The
eluent was monitored by a Waters 2410 differential
refractometor (Millford, MA, USA). The Mw was determined
from a calibration curve using pullulan standard.

Immunization protocol The BALB/c mice (n=4/group)
were intraperitoneally immunized with 20 µg/mL of
ovalbumin in 2.6 mg of aluminum hydroxide gel, in a total
volume of 200 µL on days 0 and 7. The mice were
intraperitoneally injected with the irradiated alginate every
other day from day 9 to 19. The serum and splenocytes of
the mice were collected at 21 days.

Spleen cell culture for IgE and cytokine production The
effect of the irradiated alginate on ovalbumin-induced
production of IL-4 and IgE was investigated using a culture
system with ovalbumin-immunize BALB/c mice splenoyctes

as described by Marcelletii and Katz (24) with some
modifications. The spleens were aseptically removed from
the mice, which were killed by cervical dislocation, and
were homogenized with a glass cell homogenizer to obtain
single cell suspensions. The cell suspensions were then
centrifuged and the cells obtained. The cells were
resuspended in RPMI 1640 medium supplemented with
10% FBS and 100 U/mL penicillin and streptomycin, and
then the number of cells was counted. The cells were
suspended to a final density of 2.0×106 cells/mL, seeded in
48-well plates, and concanavalin A (final concentration of
30 µg/mL) or phosphate buffered saline (PBS) were added
for the in vivo test. For the in vitro test, the splenocytes
were seeded in 48-well plates at a final concentration of
2.0×106 cells/mL, and restimulated with ovalbumin (final
concentration of 100 µg/mL) in the presence of various
concentrations of the irradiated alginate or PBS. They were
incubated at 37oC in a 5% CO2 incubator for 72 hr. The
culture supernatants of the splenocytes were harvested and
stored at −20oC to measure the cytokine level.

Determination of cytokine level The IFN-γ, IL-2, IL-4
cytokine and total IgE level of the culture supernatants of
the splenocytes were measured using an ELISA set according
to the manufacturer’s instructions (BD Bioscience). The
micro plates were coated with anti-mouse IFN-γ, IL-2, IL-
4, and IgE and overnight at 4oC. The wells were washed
with PBST (PBS containing 0.05% Tween 20) and they
were used in the subsequent steps. After blocking with
10% FBS for 1 hr, the culture supernatants of the splenocytes
were added to the wells and incubated for 2 hr. And then
biotinylated anti-mouse IFN-γ, IL-2, IL-4, and IgE and
streptavidin-horseradish peroxidase were added. Ortho-
phenylene diamine (OPD) was added as a chromogen and
incubated for 30 min at dark. The color reaction was stopped
by 2 M H2SO4 without washing step. The absorbance of
the wells was read at 490 nm using a microplater reader.

Determination of ovalbumin-specific antibody level
Ovalbumin-specific IgE, IgG1, and IgG2a level of the
mice serum were measured by ELISA. The micro plates
were coated with ovalbumin (10 µg/mL) and overnight at
4oC. The wells were washed with PBST and they were
used in the subsequent steps. After blocking with 2% BSA
for 1 hr, the diluted mice serum (IgE 1:5, IgG1 1:10,000,
IgG2a 1:100) were added to the wells and incubated for
2 hr. And then biotin-conjugated rat anti-mouse IgE, IgG1,
and IgG2a monoclonal antibody were added to the wells
and incubated for 1 hr. After washing, streptavidin-
horseradish peroxidase was added and incubated for 30 min.
OPD was added as a chromogen and incubated for 30 min
at dark. The color reaction was stopped by 2 M H2SO4

without washing step. The absorbance of the wells was
read at 490 nm using a microplater reader.

Splenocytes proliferation assay Splenocytes proliferation
was detected by the MTT assay, which was performed by
the method of Scudiero et al. (25). Ninety µL of splenocytes
(1.0×106 cell/mL) were seeded onto plates, and then 10 µL
of the irradiated alginate solution (final concentration:
10 µg/mL) or PBS was added to each well. The plates were
incubated in a 5% CO2-air mixture at 37oC. After incubation
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for 72 hr, 30 µL of MTT (5 mg/mL) dissolved in PBS was
added to each well, and the plates were incubated for 2 hr
to induce the formation of formazan. The plates were then
centrifuged and the supernatants removed. One-hundred
µL of dimethysulfoxide was then added to dissolve the
insoluble formazan product. The absorbance at 540 nm
was read by a microplate reader.

Statistical analysis The results were analyzed by
programmed general linear procedures and least squares
means using SAS software and Duncan’s multiple range
tests.

Results and Discussion

Effect of the γ-irradiation on the Mw of alginate It is
reported that γ-irradiation in high molecular substances
results in molecular degradation and polymerization reactions
(18). In the case of the irradiation of polysaccharides, the
compounds are degraded through the scission of glycosidic
bonds. Furthermore, the H and OH radicals formed by
radiolysis during the irradiation of water, accelerate the
scission of the molecular chains of the polysaccharides
(26). GPC was performed to verify the changes in the Mw
of the alginate that was γ-irradiated at different doses. Table
1 show that the Mw of the alginate irradiated with 3 kGy
of γ-rays was sharply reduced, from 1,600 kDa for the
initial alginate to 13.3 kDa. Furthermore, a gradual decrease
was observed up to 20 kGy as the irradiation dose increased,
and finally, the alginate irradiated with 20 kGy of γ-rays
exhibited 4.5 kDa for its Mw. There are some previous
reports on alginate degradation by γ-irradiation. Cho et al.

(27) revealed that the Mw of a 0.3% alginate aqueous
solution was diminished from 125 to 10 kDa using irradiation
of 100 kGy. Nagaswa et al. (28) reported that the Mw of a
0.1% alginate aqueous solution was reduced from 6×105 to
8×103 Mn (the number-average molecular weight) using
irradiation of 200 kGy. Yet, the results of the present study
were somewhat different from these, since we used an alginate
of very high Mw. In our study, the alginate irradiated with
100 kGy showed a higher Mw than the alginate irradiated
with 20 kGy. This indicates that the high dose of γ-
irradiation caused different effect for the Mw of the
alginate as compared to the low dose, because the free
radicals formed by the radiolysis of water led not only to
the degradation, but also to the crosslinking of the alginate
molecule. It was observed that the Mw of the alginate was

largely decreased by the γ-irradiation. Thus, we investigated
the antiallergic effects of the low Mw alginate that was
produced by γ-irradiation.

Effect of the γ-irradiated alginate on IL-4 and IgE level
in vitro To examine whether the irradiated alginate could
affect IL-4 and total IgE level in an in vitro culture system,
the splenocytes obtained from ovalbumin-immunized mice
were cultured with ovalbumin in the presence of the
irradiated alginate, the intact alginate, or PBS. The IL-4
and total IgE level in the culture supernatants were measured
by the ELISA method. As shown in Fig. 1, the lower IL-
4 level was shown in the presence of 10 µg/mL of the
alginate irradiated with 3-20 kGy of γ-rays as compared to
PBS. In particular, the IL-4 level was decreased by 35% in
the presence of the alginate irradiated with 20 kGy of γ-
rays as compared to intact alginate. Also, the total IgE level
was significantly decreased as compared to PBS and intact
alginate by adding 10 µg/mL of the alginate irradiated with
3-100 kGy of γ-rays. From these results, we found that the

Fig. 1. IL-4 cytokine and total IgE level in the culture
supernatants of splenocytes obtained from OVA-immunized
mice in the presence of alginate treated with γ-irradiation. a-c,
statistical significance between the PBS group and alginate group
(p<0.05).

Table 1. Effect of γ-irradiation on the molecular weight of
alginate solution

Dose of irradiation
(kGy)

Alginate

Mw (Da)

0 1,605,277

3 13,310

5 9,102

7 8,307

10 6,441

20 4,532

100 5,333
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alginate irradiated with 3-100 kGy of γ-rays exhibited
substantial inhibition effect on both IL-4 and IgE secretion.
In addition, the alginate irradiated with 20 kGy of γ-rays,
which had the lowest Mw of 4.5 kDa by the γ-irradiation,
showed the highest inhibition effect on IL-4 and IgE
production. In conclusion, the low Mw alginate irradiated
with γ-rays had higher inhibition effect on IL-4 and IgE
than the high Mw alginate. There are some study results
showing that oligosaccharide is more effective than
polysccharide in immune system control. Kim et al. (29)
reported that the anticancer effect of low Mw laminaran
obtained from enzyme hydrolysis, was higher than that of
high Mw laminaran. Kawada et al. (11) showed that
oligoalginate enhanced the growth of human endothelial
cells, and Yuan et al. (30) demonstrated that κ-carrageenan
oligosaccharide exhibited antitumar activity by promoting
the immune system.

Effect of the γ-irradiated alginate on antibody level in
the serum The effect of the γ-irradiated alginate on IgE,
IgG1, and IgG2a production in the mice serum was studied.
Ovalbumin-immunized mice were intraperitoneally injected
with the γ-irradiated alginate and then their serum was
obtained, which was used to measure ovalbumin-specific
IgE, IgG1, and IgG2a level. For the results, the ovalbumin-
specific IgE and IgG1 antibody level, in the serum of the
mice injected with 1.0 mg/kg body weight (BW) of the
alginate irradiated with 3 to 20 kGy of γ-rays, were
significantly decreased when compared with the PBS or
intact alginate; while a significant difference in the
ovalbumin-specific IgG2a antibody level was not observed
(Fig. 2). In particular, the ovalbumin-specific IgE and IgG1
level in the serum of the mice injected with the alginate
irradiated with 7 kGy of γ-ray were decreased about 45 and
31%, respectively. Commonly, IgE level is high in patients
who suffer from allergic diseases such as asthma, rhinitis,
and atopic dermatitis, and it is generally accepted that IgE
is the most important mediator in allergy (31). IgE is
produced from B cells, and the antibody class and subclass
are determined by the surrounding lymph nodes and
cytokine production pattern of T cells. IL-4 secreted from
Th2 cells regulates the immunoglobulin class switching to
the IgE and IgG1 isotypes. However, IgG2a production is
mediated by IFN-γ that is secreted from Th1 cells (32,33).
Recently, many reserchers have reported that dietary
ingredients can reduce IgE production by modulating the
Th1/Th2 balance. Park et al. (34) showed that PG 102,
which was isolated from Actinidia arguta, inhibited IgE
level. Sato et al. (35) reported that feeding β-carotene
effectively inhibited IgE production in an allergy mouse
model through the regulation of Th1 and Th2-type
cytokine secretions. Also, chondroitin sulfate suppressed
ovalbumin-specific IgE production by inducing Th1-type
cytokines in mice splenocytes (36), and Shida et al. (37,38)
demonstrated that the dietary Lactobacillus casei strain
Shirota inhibited IgE and IgG1 levels in the mice serum.
Furthermore, Tadashi et al. (10) reported that the oral and
intraperitoneal administration of oligoalginate obtained
from lyase treatment decreased IgE and IgG1 levels in the
mice serum in response to ovalbumin, without increasing
IgG2a. The results of our study appear to be similar to

those of Shida et al. (37,38) and Tadashi et al. (10). This
suggests that the γ-irradiated alginate inhibited the
production of Th1-type antibody without enhancing the
Th1-type antibody, and feeding the γ-irradiated alginate
could inhibit allergy reactions by down-regulating IgE
secretion.

Fig. 2. OVA-specific antibody level in the serum of mice
administered alginate treated by γ-irradiation. a-d, statistical
significance between the PBS group and alginate group (p<0.05).
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Effect of the γ-irradiated alginate on cytokine level in
the splenocytes It has been accepted that CD4− helper T
cells are classified into 2 types: Th1 cells and Th2 cells,
based on their different patterns of cytokine production
(31). The balance of the 2 types of T cells is considered to
be important for maintaining homeostasis in the host. The
destruction of this balance causes serious immunological
diseases, such as allergy, which occur due to the breaking
down of host defense mechanisms. Th1 cells produce IFN-
γ and IL-2 cytokines, whereas Th2 cells secret IL-4, IL-5,
and IL-13 cytokines. IFN-γ induces the differentiation to
Th1 cells from Th0 cells, while IL-4 induces the differentiation
to Th2 cells. Therefore, it is believed that an increase in
IFN-γ shifts the Th1-Th2 cell balance to Th1 cell
predominantly and that an increase in IL-4 shifts the
balance to predominantly Th2 (39,40). In this research, to
investigate the effect of the γ-irradiated alginate on
secretion in vivo, mice were intraperitoneally injected with
the γ-irradiated alginate after ovalbumin-immunization,
and IL-4, IFN-γ, and IL-2 level in the culture supernatants
of the splenocytes were measured. For the result, IL-4
level, with the alginate irradiated with 20 kGy of γ-rays,
was significantly lower than those of the intact alginate and
PBS groups, at the concentration of 1 mg/kg BW. On the
other hand, IL-2 level increased in the splenocytes treated
with the alginate irradiated with 3 and 20 kGy of γ-rays, as
compared to the intact alginate and PBS groups. In
particular, the group treated with the alginate irradiated
with 20 kGy of γ-rays showed higher IL-2 level of
approximately 40%, as compared to the PBS group.
However, a significant difference in IFN-γ level was not
observed (Fig. 3). There are some studies that correspond
to our results. Maruyama et al. (41) showed that the oral
administration of Makabu fucoidan in mice diminished
Th2 cytokine level, such as IL-4, IL-5, and IL-13, but
increased IFN-γ level in response to ovalbumin in vitro.
Shigeru and Yoshinori (42) reported that 10 µg/mL of
Quillaja saponin decreased IL-4 production without
increasing the IFN-γ level in the splenocytes of mice.
Accordingly, these findings suggest that the low Mw
alginate, irradiated with 20 kGy of γ-rays, could inhibit
allergy effectively through the down-regulation of IL-4.

Effect of the γ-irradiated alginate on total and
ovalbumin-specific IgE in the splenocytes Total and
ovalbumin-specific IgE level in the culture supernatants of
the splenocytes obtained from mice intraperitoneally
injected with the γ-irradiated alginate were measired. As
shown in Fig. 4, the groups receiving alginate irradiated
with 7 and 20 kGy of γ-rays showed lower total IgE level
than the PBS and intact alginate groups, about 45 and 35%
at the concentration of 1 mg/kg BW, respectively.
Ovalbumin-specific IgE level was diminished in the γ-
irradiated alginate groups as compared to the intact alginate
and PBS groups. In particular, the alginate group irradiated
with 20 kGy of γ-rays had approximately 50% reduced
ovalbumin-specific IgE level as compared to the PBS
group. These results suggest that feeding the γ-irradiated
alginate decreased IgE level in the splenocytes through the
down-regulation of IL-4 secretion. In addition, the low Mw
alginate irradiated by γ-rays would be a very effective
antiallergic agent, because diminishing IgE secretion is a

very important strategy in the treatment of allergic disease.
Particularly, the alginate irradiated with 20 kGy of γ-rays
showed the greatest effect. Thus, it was noted that the low
molecular alginate was more effective in inhibiting allergy
than the high molecular alginate. Yuan et al. (30)
demonstrated that κ-carrageenan oligosaccharides had

Fig. 3. Cytokines level in the culture supernatants of
splenocytes in mice administered alginate treated by γ-
irradiation. Untreated, PBS added to cells; Con A, 3 µg/mL of
concanavalin A added to cells; a-d, statistical significance between
the PBS group and alginate group (p<0.05).
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immunomodulation and antitumor activities. Zhou et al.
(43) reported that low molecular λ-carrageenan showed
significant antitumor and immunomodulation activities and
the activities were higher than for the high molecular λ-
carrageenan. These results are therefore similar to our
results.

Effect of the γ-irradiated alginate on the splenocytes
proliferation The effect of the γ-irradiated alginate on
the splenocytes proliferation was examined by an in vitro

proliferation assay. Here, the γ-irradiated alginate at 10 µg/
mL was added to the splenocytes obtained from mice
immunized with ovalbumin, and the cells were then
incubated. The proliferation of the splenocytes was
evaluated by the MTT assay. As shown in Fig. 5, adding
the intact alginate increased the splenocyte proliferation,
and the splenocytes with the added alginate irradiated with
3 to 20 kGy of γ-rays displayed a proliferating activity as
high as the intact alginate. However, the proliferation of the
splenocytes treated with the alginate irradiated with 100

kGy of γ-rays was similar to that of the splenocytes treated
with PBS. This result indicates that the γ-irradiation on the
alginate didn’t display toxicity about the splenocytes. On
the contrary, the alginate irradiated at less than 20 kGy
exhibited activity on the immune system by enhancing the
proliferation of the splenocytes. But this effect didn’t
different from the intact alginate. Furthermore, this result
corresponds with results where the intake of sea tangle and
the feeding of pear juice increased the splenocytes
proliferation (44,45).
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