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ABSTRACT
This study aimed to investigate the therapeutic effects of Glycyrrhiza
uralensis polysaccharide (GUP) on glycinin-induced allergic reactions
in mouse model. Female BALB/c mice were pretreated for seven
consecutive days with various concentrations of GUP aqueous
solution or blank control. The mice were then orally administered
with glycinin (10 mg/ml) three times and observed a week later.
The survival rate and other indicators of the mice were measured,
while IL-4, IL-13, plasma histamine and the lgE and IgG content in
the serum were detected by enzyme-linked immunosorbent assay.
The percentage of CD4+CD25+FoxP3+T cells was detected by
flow cytometry. The results showed that IL-4, IL-13 and plasma
histamine levels significantly decreased in the blood of mice
treated with low GUP concentrations (20 mg/ml), while the
specific glycinin-IgE, glycinin-IgG inhibition ratio and CD4+CD25
+FoxP3+ T cells/CD4+ T cells ratio increased. However, the lowest,
middle, high and the highest concentrations of GUP did not have
significant effects on the immune reactions of glycinin-induced
allergic mice. In conclusion, our study suggests that GUP is a
promising agent to inhibit glycinin-induced allergy.
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Introduction

Food allergy is an adverse reaction mediated by the immune system (Pesek & Jones, 2014).
Food allergies are often accompanied by a series of symptoms that can affect the gastro-
intestinal tract, skin and respiratory systems, as well as systemic reaction which could be
fatal (Pesek & Jones, 2014). In animal husbandry, the feed protein antigen commonly
causes allergic reactions in young animals, seriously hindering their growth and develop-
ment, greatly reducing their survival, and even causing a narrow escape from death in
small animals. Soybean is one of the most important legumes. Soybean protein and
other protein sources are widely used in the diet of animals (Medic, Atkinson, & Hur-
burgh, 2014). However, soybean is one of the eight food allergens that can cause
serious and even fatal allergic reactions in piglets, calves and other young animals
(Cucu et al., 2012). Soybean protein can stimulate the body to produce an immune
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response, and trigger a specific antigen-antibody reaction (type I allergic reaction) and T
lymphocyte-mediated delayed type hypersensitivity reaction (type IV allergic reaction)
(L’-Hocine & Boye, 2007). Glycinin and β-conglycinin have the strongest immunogenicity
of soy protein, accounting for 65–80% of soybean seed protein content, and glycinin is not
susceptible to enzymatic hydrolysis (Cucu et al., 2013; Ma et al., 2010).

How to ease the symptoms of allergic reactions caused by soy protein has become a hot
issue in recent years, especially in animal husbandry. Glycyrrhiza uralensis, a genuine
regional drug in Xinjiang, not only has immunomodulatory activity, but also has anti-
allergic effects (Shunsuke et al., 2014). G. uralensis polysaccharide (GUP) is the main
active component of G. uralensis and may mediate the anti-allergic effects. To improve
animal husbandry by avoiding fatal allergic reactions in young animals, we performed
the present study to investigate the therapeutic effect of GUP on allergic symptoms
caused by glycinin in mouse model.

Materials and methods

Reagents

One hundred and twenty female BALB/c mice aged 3 weeks were used. Crude GUP was
extracted using the water-decoction-ethanol-precipitation method as previously
described. The total polysaccharide was measured by Vitriol-anthracene ketone, using
glucose without H2O as a standard control, and the content (%) of GUP was found to
be 83.3% (Cui et al., 2014; Liang, 2008; Zhang, Guo, Xue, Jian, & Lei, 2015). Glycinin
was purchased from TransGen Biotech (Beijing, China). Enzyme-linked immunosorbent
assay (ELISA) detection kits for IgE, IgG, IL-4, IL-13, histamine, and mouse anti-rat CD4
+FITC, Foxp3 PE, Foxp3 staining kit and CD25+PE-CY5 were all purchased from Sangon
Biotech (Shanghai, China). All other chemicals and solvents of the analytical grade avail-
able were obtained from Wode Chemical Reagent (Shihezi, Xinjiang, China).

Establishment of mouse allergic model

One hundred and twenty healthy female BALB/c mice aged 3 weeks were selected and ran-
domized into six groups, with 20 mice in each group. The mice were kept at 18°C with
humidity of 50–70%. The mice were given free drinking water. They were then treated
for seven consecutive days with various concentrations of GUP (1, 20, 50, 100, 200 mg/
ml) aqueous solution or saline (blank control). During this pretreatment period, the
mice were fed a controlled diet. Subsequently, 10 mice were randomly selected from
each dose group and orally sensitized three times with 0.5 ml of 10 mg/ml glycinin and
observed a week later. Then the remaining 10 mice in each dose group were orally admi-
nistered with glycinin (1 mg/ml) three times a day, each time 0.5 ml, for a week.

Evaluation of allergic reaction

Allergy symptoms were observed for 30–40 min a week later after the mice were orally
sensitized three times in each day with 10 mg/ml glycinin. The mice were categorized
into the six following groups: (a) symptomless; (b) around the nose and head scratching;
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(c) puffiness around the eyes and mouth, diarrhea, pillar installation, reduced activity and/
or decreased with increase in respiration rate; (d) wheezing, forced breathing, cyanosis
around the mouth and tail; (e) after prodding, no activity or tremors and convulsions
and (f) death (Li, Schofield, Huang, Kleiner, & Sampson, 1999; Li et al., 2000). The inci-
dence of allergic symptoms was calculated as follows: incidence of allergic symptoms (%)
= The number of mice with allergic symptoms/Total number of mice in each group.

Separation of serum and plasma of animals

After seven days administration (1 mg/ml glycinin dose group), the eyeballs of the mice
were removed under anesthesia to retrieve the blood. To get plasma, the blood was col-
lected into 1.5 ml EDTA-coated Eppendorf tubes and gently mixed. The samples were
centrifuged at 3000 rpm for 10 min at 4°C. The supernatants (plasma) were transferred
into 0.5 ml Eppendorf tube for storage. To get serum, the blood was collected into
regular 1.5 ml Eppendorf tubes and stored at room temperature for 1 h. The samples
were centrifuged at 3000 rpm for 10 min at 4°C. The supernatants (serum) were collected
and packed for analysis.

Detection of specific antibody levels in the serum

The glycinin-specific IgE and IgG levels in the serum of the mice were detected by ELISA
following the manufacturer’s protocols. The absorbance of the solution was measured at
450 nm. The inhibition ratio was calculated using the following equation: inhibition ratio
(%) = (ODsample–ODblank)/ODblank × 100%. ODsample was the OD value of the well
in which serum sample was added. ODblank was the OD value of the well in which
saline was added.

Measurement of plasma histamine level

Plasma histamine levels were analyzed by using a Histamine ELISA Kit (Immuno Sangon
Inc, Shanghai, China) following the manufacturer’s protocols.

Determination of IL-4 and IL-13 levels

IL-4 and IL-13 levels in the serum of the mice were measured by ELISA kit (Immuno
Sangon Inc, Shanghai, China) following the manufacturer’s protocols.

Flow cytometry analysis

The cells in the mesenteric lymph nodes of the mice were separated and adjusted to the
concentration of 2 × 106/ml. The 100 μl of cell suspension was mixed with CD25+
isotype control, Foxp3 isotype control, CD4+CD25+, and CD4+CD25+Foxp3, respect-
ively, and incubated at 4°C for 30 min in the dark. The cells were washed and suspended
in 400 μl staining buffer and subjected to flow cytometry analysis.
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Statistical analysis

All the data were expressed as mean ± standard deviation. The differences between groups
were analyzed by one-way ANOVA, followed by a homogeneity of variance test using
SPSS 19.0 statistical software. P < .05 was considered statistically significant differences.

Results

The incidence of systemic allergic reactions

The degree and percentage of allergic reactions in mice in each group are summarized in
Table 1. The allergic reaction induced by glycinin was successfully established in the
mouse model. The mortality of the mice treated with GUP was significantly lower than
that of the control group, and the health rate increased. Among them, the 20 mg/ml
GUP group of mice had the highest health rate (42%) and the lowest mortality (4%) com-
pared to the other groups. The 50 mg/ml GUP group had a health rate of 34% and a mor-
tality rate of 16%. The concentration that was the least effective was 1 mg/ml GUP; which
had a health rate of only 10% and a mortality rate of 24%.

Glycinin-specific IgE and glycinin-specific IgG

After mice were sensitized three times with 1 mg/ml glycinin by mouth over the course of
a week, they were treated for seven consecutive days with various concentrations of GUP
(1, 20, 50, 100, 200 mg/ml) or saline (blank control), the inhibition ratio of glycinin-
specific IgG in serum of mice in each group increased, and the maximum inhibition
rates of glycinin-specific IgE and IgG were 39.64 ± 0.4% and 31.00 ± 0.09% (Figure 1).

Histamine release rate

As shown in Figure 2, the release rate of histamine in mice treated with different concen-
trations of GUP was significantly lower than the control group, and GUP inhibited hista-
mine release in a dose dependent manner (P < .05). The 200 mg/ml GUP pretreatment
group had the lowest histamine release rate (14.77 ± 0.42%).

IL-4 and IL-13 contents

As shown in Figure 3, serum IL-4 and IL-13 contents showed a significant decrease in mice
treated with different concentration of GUP compared to blank control group. At the GUP

Table 1. The incidence of allergic symptoms in each group.
Incidence of allergic symptoms (%) a b c d e f

Concentrations of GUP (mg/ml)
0 0 8 12 18 12 50
1 10 18 12 14 22 24
20 42 22 16 8 8 4
50 34 14 26 4 6 16
100 24 22 12 8 12 22
200 22 16 16 18 2 26

Note: a–f: Six different types of allergic symptoms.
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concentration of 20 mg/ml, serum contents of IL-4 and IL-13 were the lowest at 89.57 ±
0.30 and 9.62 ± 0.16 pg/ml, respectively.

The proportion of CD4+CD25+ regulatory T cells in the mesenteric lymph nodes
of mice

By flow cytometry, the proportion of CD4+CD25+FoxP3+T cells in the mesenteric lymph
nodes of mice was higher in the mice pretreated with GUP than in blank control group

Figure 1. The inhibition ratio of glycinin-specific IgE (a) and glycinin-specific IgG (b) in serum of mice in
each group.
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(Figure 4). At the GUP concentration of 20 mg/ml, the percentage of CD4+CD25+FoxP3
+T cells was the highest (15.69 ± 0.28%).

Discussion

In this study, a mouse model of oral administration of glycinin-induced allergic reactions
was successfully established. The mice appeared to have different glycinin-specific allergy
symptoms, including abnormalities of the hair, skin, respiratory tract, gastrointestinal
tract, behavior, mental state, while the most serious reaction was death (Sicherer &
Sampson, 1999). According to the different degrees of allergic symptoms, we determined
the incidence of allergic reactions in mice. Interestingly, the incidence of various symp-
toms in mice did not decrease with increasing concentrations of GUP, which did not
appear to be dose dependent. When the concentration of GUP was 20 mg/ml, the mor-
tality of the mice was the lowest and the incidences of other allergic symptoms were rela-
tively low. Interestingly, similar results were found in glycinin-specific IgE, glycinin-
specific IgG inhibition ratio, IL-4 content, IL-13 content and percentage of CD4+CD25
+FoxP3+T/CD4+T cells. The inhibition ratios of glycinin-specific IgE and glycinin-

Figure 2. The release rate of histamine in mice treated with different concentrations of GUP.
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specific IgG were the highest when GUP was at a low concentration (20 mg/ml). In mice
treated with low concentration of GUP (20 mg/ml), IL-4 and IL-13 levels in the blood were
the lowest and the percentage of CD4+CD25+ regulatory T cells in the mesenteric lymph
nodes of mice was the highest. However, there were no significant differences in these
indexes among the lowest concentration (1 mg/ml), middle concentration (50 mg/ml),
high concentration (100 mg/ml) and very high concentration (200 mg/ml) GUP groups.
Nevertheless, the release rate of histamine was lower following an increase in the dose
of GUP.

Our results showed that GUP is a kind of bidirectional immune modulator. Doses that
are too low or too high do not give the best anti-allergic effects. By inhibiting glycinin anti-
body production and lowering histamine release levels, GUP could decrease IL-4 and IL-

Figure 3. Serum content of IL-4 (a) and IL-13 (b) in mice treated with different concentration of GUP.
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13 contents and elevate CD4+CD25+FoxP3+T/CD4+T cell ratio. IL-4 and IL-13 have
been shown to play important role in the development and maintenance of allergic inflam-
mation. Thus, our observation that GUP could decrease IL-4 and IL-13 contents indicated
that GUP exerted anti-allergic effects.

Oral immunotherapy has been proposed as a novel treatment for food allergy (Khoriaty
& Umetsu, 2013; Nelson, Lahr, Rule, Bock, & Leung, 1997; Sampson, 2013). In this study
we investigated the effect of GUP on allergic symptoms caused by glycinin in mouse
model. Our results showed that GUP could alleviate the symptoms and pathological
indexes in glycinin-induced allergic mice. Therefore, GUP may be used via oral adminis-
tration to inhibit glycinin-induced allergic response. Further studies are needed to validate
the potential of GUP in allergy therapy.
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