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Abstract

Soybean allergy represents a significant health threat to individuals with food allergies. Glycinin, the main storage protein in soybean, has
been identified as a major food allergen. The present study was conducted to investigate the mechanism of glycinin-induced hypersensitivity
in a swine model. The relationship between glycinin dose and the severity of hypersensitive reactions was also explored. Twenty-four piglets
weaned at 18 days were gastric sensitized and subjected to repeated oral challenges with diets containing 0%, 2%, 4% and 8% glycinin. The
results showed that dietary supplementation of glycinin reduced piglet performance (P<.01) while increasing occurrence of diarrhea (P<.05)
and erythema area (P=.01) in response to an intradermal injection of glycinin. Intestinal mast cell numbers (P<.05) and immunoglobulin E
(IgE) levels (P<.05) were increased linearly, whereas the histamine content in intestinal specimens (except in the duodenum) was decreased
(P<.01), indicating that more histamine had been released in glycinin-fed piglets than in control. Serum concentrations of total IgE, glycinin-
specific IgG1 and interleukin (IL)-4 and IL-10 were also greater (P<.05) in the pigs treated with glycinin. In this study, we found that
glycinin-induced hypersensitivity is a predominantly Th2-type immune response, mediated by IgE and associated with increases in intestinal
mast cell numbers and histamine release as well as IL-4 and IL-10 concentrations in the serum of sensitized piglets, resulting in diarrhea and
reduced performance. The severity of the hypersensitive reactions depends on the dose of glycinin. Higher dose may cause more severe

anaphylactic symptoms.
© 2008 Elsevier Inc. All rights reserved.
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1. Introduction

Soybean is a source of high-quality protein due to its
relatively well-balanced composition of amino acids [1,2].
However, soybean is also a dietary allergic source for
humans [3], which threatens individuals with soybean-
sensitive food allergies. Glycinin (Mr~360,000), also called
118 protein, accounts for more than 40% of the total soybean
protein. It is composed of five subunits, each containing an
acidic and a basic polypeptide linked by a disulfide bond
[4,5]. Available evidence suggests that glycinin has an
immunoglobulin E (IgE)-binding region in the acidic
polypeptide chain [6]. Results of clinical studies indicate
an increase in concentrations of glycinin-specific IgE
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antibody in sera of soybean-allergic subjects [7-9] and,
thus, glycinin allergenicity [10]. Although previous studies
have shown that glycinin contributes to a series of allergic
reactions, damage to intestinal morphology, disorder of
immune function, growth depression and diarrhea in human
infants [11] and piglets [12—15], the underlying mechanisms
causing these symptoms are largely unknown. Because the
piglet is widely used as an animal model for studying
sensitization of infants to soy proteins [13—18], it was used
in the present study to define mechanisms whereby glycinin
increases hypersensitivity in response to consumption of
soybean products.

Mast cells are located in the gut mucosa and submucosa to
function in intestinal peristalsis, inflammatory process and
related immune responses [19-21]. Many studies involving
food allergies suggest that mast cells are prominent in the
development of IgE-mediated hypersensitivity through an
excessive release of large amounts of inflammatory factors,
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including histamine and some cytokines after activation and
degranulation [22]. Actually, food-allergic patients often
have an increase in the number of mast cells in the intestinal
mucosa [23]. Histamine, a major mediator released by mast
cells, contributes to increasing vascular permeability of the
gastrointestinal mucosa and plays an important role in the
IgE-dependent hypersensitivity [24]. Studies on rodents
showed that mice sensitized by ovalbumin experienced
mucosal histamine depletion [25]. Collectively, these results
indicate that mast cells and histamine are effective in IgE-
mediated hypersensitive reactions to food allergens.

To date, there is insufficient evidence linking soybean
allergy with the alteration in mast cell numbers and
histamine release in the small intestine as well as cytokine
production. Therefore, we hypothesized that allergic
reactions after ingestion of soybean glycinin might result
from hypersensitivity mediated by IgE produced by
T-helper 2 (Th2) lymphocytes in response to stimulation
by cytokines, such as interleukin (IL)-4 and IL-10. We
used an experimental piglet model fed purified glycinin to
eliminate the interference from other components in
soybean meal or whole soybean protein extract. We also
determined the effects of various dosages of glycinin on
IgE levels, mast cell numbers and histamine content in the
small intestine, which are essential criteria to explore the
mechanism of glycinin-induced hypersensitivity in human
and animals.

2. Materials and methods
2.1. Characterization of purified soybean glycinin

Purified glycinin suspension was kindly donated by
Professor Shuntang Guo from the Food Institute of China
Agricultural University (Patent No. 200410029589.4,
China). After lyophilization, protein content was determined
by the Kjeldahl method and glycinin purity was analyzed by
sodium dodecyl sulfate polyacrylamide gel electrophoresis
(SDS-PAGE) followed by Coomassie Brilliant Blue (CBB)
R-250 staining [26]. The gel was scanned by Bio Imaging
System with Gene Genius (Syngene, USA), and the purity of
glycinin was measured by GeneTools Analysis Software,
Version 3.03.03 [27].

2.2. Animals and diets

Twenty-four crossbred (Large WhitexLandrace) barrows,
weaned at 14 days of age, were used in this trial. All the
piglets were individually housed in an environmentally
controlled room with the temperature at 26—28°C. Animals
were maintained according to the rules of China Agricultural
University Animal Care and Use Committee. After 4 days of
adaptation, all the piglets, with an average initial body
weight of 4.98+0.67 kg, were randomly allotted to four
treatments. Each treatment had six replicates with one piglet
per pen. Each pen was equipped with a feeder and a waterer
to allow the pigs to have unlimited access to water and feed

at all times. All the pigs were weighed on Days 0, 7 and 10 of
the trial in order to calculate the weight gain. Incidents of
piglets with diarrhea were recorded every day throughout the
whole experiment. Pig feces was classified at four levels: 0,
normal; 1, pasty; 2, semiliquid; and 3, liquid [28,29]. The
occurrence of diarrhea was defined as maintenance of feces
at Level 2 or Level 3 for two continuous days. Diarrhea
incidence (%) = diarrhea piglets in each treatmentxdiarrhea
days/6/32x100%.

The control diet, devoid of soybean protein, contained
skimmed milk powder and casein as the protein source.
Different doses of purified glycinin (2%, 4% and 8%) were
substituted for the skimmed milk powder and casein in the
corresponding experimental diets (Table 1). All the piglets
were fed the control diet, except for the experimental piglets
during the sensitization and challenge periods.

2.3. Experimental design

Experimental piglets were gastric sensitized and orally
challenged with the diets containing 2% 4%, and 8%
glycinin at Days 0 to 10 and Days 16 to 18, respectively.
Thereafter, piglets were challenged either by skin test or by
intragastric challenge at 1-week intervals. The control pigs,
which were fed the soy-free diet throughout the trial, also
received skin prick tests.

Table 1
Ingredient composition and nutrient levels of the diets (as-fed basis)

Dietary treatment

0% 2% 4% 8%

glycinin  glycinin  glycinin  glycinin
Ingredient composition (%)
Corn 60.2 61.0 60.9 60.8
Skimmed milk powder 9.5 8.4 8.6 8.6
Whey powder 10.0 10.0 10.0 10.0
Casein 11.6 9.9 7.7 35
Glycinin 0.0 2.0 4.0 8.0
Spray dried porcine plasma 3.0 3.0 3.0 3.0
Fish meal 3.0 3.0 3.0 3.0
Limestone 0.5 0.5 0.5 0.5
Calcium phosphate 1.0 1.0 1.0 1.0
Salt 0.2 0.2 0.2 0.2
Premix * 1.0 1.0 1.0 1.0
L-Lys 0.0 0.0 0.05 0.2
DL-Met 0.0 0.0 0.05 0.2
Chemical analysis®
Crude protein (%) 22.98 22.96 23.02 23.08
Lysine (%) 1.65 1.58 1.57 1.57
Calcium (%) 0.92 0.89 0.88 0.86
Phosphorus (%) 0.75 0.72 0.71 0.66
Calculated DE (MJ/kg) 14.20 14.19 14.21 14.22

# Premix provided per kilogram of complete diet: vitamin A, 10,000 IU;
vitamin D3, 1500 IU; vitamin E, 30 IU; vitamin K3, 2.5 mg; vitamin By,
1.5 mg; vitamin B,, 10 mg; vitamin Bg, 10 mg; vitamin By, 0.05 mg; folic
acid, 1 mg; biotin, 0.5 mg; niacin, 30 mg; pantothenic acid, 20 mg; Cu,
20 mg; Fe, 100 mg; Zn, 110 mg; Mn, 40 mg; Se, 0.3 mg; I, 0.5 mg.

° Analyzed value.
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2.4. Sample collection

Three hours after the final oral challenge (Day 32), all the
piglets were slaughtered with an intracardial injection of
sodium pentobarbital (50 mg/kg body weight) and jugular
exsanguination. Blood (7 ml) was collected from the
precaval vein before the slaughter, and the serum was
separated and stored at —20°C for IgE and glycinin-specific
IgG1 antibody analysis. Intestinal segments were immedi-
ately removed from the duodenum (5 cm from the pylorus),
the jejunum (the middle part of the whole jejunum) and the
ileum (5 cm anterior to the ileocecal valve) and then flushed
by physiological saline to remove gut contents. One sample
of each intestinal tissue, about 2 cm in length, was fixed in
Carnoy’s fluid. Another part of a 5-cm section was frozen in
liquid nitrogen and stored at —80°C until analysis.

2.5. Cutaneous skin testing

The skin testing was conducted as previously described
with modifications [12,30]. Briefly, 0.5 mg of glycinin
dissolved in physiological saline solution was intradermally
injected to skin-shaved flank regions of piglets. The
physiological saline solution was injected as the negative
control. The allergic reaction was evaluated by diameters of
red flares at 30 min after the injection.

2.6. Histological analysis of intestinal mast cells

Mast cells were counted by analysis of histology of the
small intestinal segments. Briefly, three intestinal segments,
the duodenum, the jejunum and the ileum, were fixed in
Carnoy’s solution for 24 h [31], followed by routine
dehydration, paraffin embedment and 6-um histological
slide cutting. Mast cells were visible by toluidine blue
(Gurr, Poole, UK) staining under a microscope (BX 50,
Olympus Co., Japan). The number of mast cells in the
mucosa and submucosa was quantified by numbering mast
cells in eight defined 1-mm? areas of one segment
histological slide with a Microcheck Grid (Beijing KeYi
Optical Ltd., Beijing, China) containing 400 microchecks
(1 mm?) under a x20 power. Each sample was represented
by three independent histological slides. The mast cell
number was then calculated by overall cell number divided
by square millimeters.

2.7. Determination of intestinal histamine levels with
high-performance liquid chromatography

The determination of histamine levels in the duodenum,
the jejunum and the ileum was performed with high-
performance liquid chromatography (Waters, MA, USA),
as described by Liu et al. [31]. Briefly, 0.5 g of intestinal
tissue was dissolved in 0.6 mol/L perchloric acid. After
homogenization and extraction, the sample was loaded into a
reversed-phase column (Symmetry, C;g, 5 pm, 4.6x150 mm,
Waters Ireland, Dublin), which was eluted using a gradient
elution program at a flow rate of 1 ml/min. Histamine then

reacted with o-phthaldialdehyde at 40°C, and fluorescence
was detected at 340 nm excitation and 450 nm emission. A
standard sample of histamine was supplied by Sigma, USA.
A data integrator (Waters TM 600, Waters Ireland) was used
to analyze the data.

2.8. Analysis of intestinal and serum antibodies by ELISA

Approximately 0.5 g intestinal segments were resolved in
PBS buffer containing 1 mM phenylmethanesulfonyl
fluoride. After homogenization, samples were centrifuged
at 10,000xg at 4°C for 10 min, and the supernatant was
obtained. The measurement of IgE levels in the intestine was
performed using swine IgE enzyme-linked immunosorbent
assay (ELISA) Kit (RapidBio Lab, Calabasas, CA, USA),
following the instructions of the manufacturer. Protein was
quantified with CBB Protein Assay Kit (Jiancheng Institute
of Biological Technology, Nanjing, China).

Total IgE antibodies were also determined using the
swine IgE ELISA Kit (RapidBio Lab). Since specific
antiserum to swine IgE is not commercially available,
glycinin-specific IgGl in the serum was measured by
indirect ELISA as described by Helm et al. [30], and some
modifications were made. Briefly, 96-well microtiter plates
(BioFil, Canada) were coated with 3.5 pg/ml glycinin in
100 pl carbonate buffer (NaHCO53/Na,COs, pH 9.6). Then,
100 pl of 20-fold diluted swine serum was added to each
well and incubated. After being washed five times, goat
antipig serum horseradish peroxidase conjugated (Sigma)
and 0.4 mg/ml O-phenylenediamine-dihydrochloride
(Sigma) buffer containing 0.015% H,0, were added to
measure the absorbance at 492 nm. The data were expressed
as optical density (OD) units.

2.9. Quantification of cytokines in the serum

Levels of IL-4 and IL-10 in the serum were determined
using the swine ELISA kit (Biosource, Camarillo, CA, USA)
according to the manufacturer’s instructions.

2.10. Statistical analysis

Differences in occurrence of diarrhea among treatment
groups were determined by chi-square contingency test. All
other data were analyzed using the General Linear Model
procedures of SAS system (version 8.2, SAS Institute, Inc.,
Cary, NC, USA). Linear and quadratic polynomial contrasts
were used to determine the dose-dependent effect of
soybean glycinin. P values <.05 were considered statisti-
cally significant.

3. Results
3.1. Quality check of glycinin

The soybean glycinin sample contained more than
85% glycinin determined by the Kjeldahl method and
SDS-PAGE.
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3.2. Performance during the sensitization period and
diarrhea throughout the trial

The performance data and occurrence of diarrhea are
presented in Table 2. Generally, average daily gain declined
linearly (P=.002) whereas the feed-to-gain ratio increased
linearly (P=.004) with the increasing of glycinin in the diets.
Piglets fed 4% and 8% glycinin had lower average daily gain
(P=.002) compared to those in the control and the 2% glycinin
group either at 1 week after weaning (237 and 222 g/day vs.
283 and 264 g/day) or during the 10 days of sensitization
(320 and 291 g/day vs. 372 and 339 g/day), although average
daily feed intake was not influenced (P=.305).

As shown in Table 2, the occurrence of diarrhea differed
(P<.05) among piglets fed 2%, 4% and 8% of glycinin. When
glycinin supplementation increased from 2% to 4%, the
incidence of diarrhea increased from 14.5% to 15.6%

Table 2
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(P<.05), but it did not further increase when glycinin
supplementation increased further to 8%.

3.3. Cutaneous sensitization

Skin prick tests were performed following glycinin-
induced hypersensitivity. Results of the erythema dia-
meters and areas are presented in Table 2. Skin prick test
with glycinin was positive in glycinin-sensitized pigs, and
the diameters of the red flare were more than 5 mm,
which differed from the control group (P<05). There were
no differences among piglets fed the 2%, 4% and 8%
glycinin diets.

3.4. Mast cell numbers in the intestine

The results of mast cell numbers in the intestine of pigs
are shown in Table 2. There was a dose-dependent influence

Effects of different doses of glycinin on performance during the sensitization period, diarrhea incidence throughout the trial, skin prick test, the number of mast
cells and histamine content in the small intestine, intestinal and serum total IgE titers, glycinin-specific IgG1 levels and cytokine concentrations in the serum of

piglets
Item Glycinin level S.EM. P value
0% 2% 4% 8% Linear Quadratic
Performance
0-—7 days
ADG (g/day) 283° 264 237 222° 12.8 .002 877
ADFI (g/day) 327 325 319 304 15.7 305 675
F/G 1.16° 1.23%® 1.34% 1.41° 0.06 .004 971
0-10 days
ADG (g/day) 372 3393 320° 291° 16.1 .002 891
ADFI (g/day) 423 412 396 381 23.7 200 940
F/G 1.14° 1.20% 1.24%® 1.31° 0.04 004 898
Diarrhea incidence (%) 0 14.5 15.6 15.6 - <.05%* -
Erythema diameter (mm) and area (mm?) by intradermal injection of glycinin
Diameter 1.9° 5.8° 6.2° 6.7 0.72 .002 043
Area 2.8° 27.5° 31.1° 36.1° 6.84 010 190
Mast cell numbers in the mucosa (number/mm?)
Duodenum 12.4° 19.6 22.0° 27.4° 2.83 .003 747
Jejunum 20.8° 28.7° 32.8° 33.9° 2.65 .002 221
Ileum 20.0° 31.0° 39.1% 47.4° 3.17 <.001 672
Mast cell numbers in the submucosa (number/mm?)
Duodenum 292 33.1 38.1 39.3 2.85 014 638
Jejunum 33.8° 39.3¢ 49.3° 62.3 2.97 <.001 223
Tleum 36.9° 51.2° 59.4° 65.3° 475 <.001 385
Histamine content in the intestine (ng/g)
Duodenum 23.03 21.09 20.15 17.17 222 087 819
Jejunum 23.43° 20.10% 17.76° 17.08° 1.35 .004 346
Ileum 20.25° 19.97° 14.54° 10.89° 1.53 <.001 <.001
IgE concentration in the intestine (ng/g)
Duodenum 21.8° 24 3% 30.3 31.5° 245 .006 784
Jejunum 19.6° 21.1° 24.8° 39.5° 4.67 .008 175
Tleum 10.5 16.7 2238 21.7 3.89 037 365
Total serum IgE (ng/ml) 722.56° 916.16™ 1090.29° 1235.19° 106.95 .004 824
Glycinin-specific [gG1 (OD units) 0.34° 0.63 0.78" 0.89* 0.10 001 377
Cytokine concentrations in the serum
IL-4 (pg/ml) 26.89° 37.63% 50.40% 61.45° 4.63 <.001 973
IL-10 (pg/ml) 9.05° 13.70% 19.14° 31.64° 1.76 <.001 056

Each value is the mean of data from six piglets (average initial body weight of 4.98+0.67 kg) per group.

Mean values with different superscripts are different at P<05.
* Significantly different by chi-square contingency test.
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of glycinin supplementation on mast cell numbers (P<05).
Compared to the control, mast cell numbers were steadily
increased as glycinin supplementation increased. In the case
of the 8% glycinin group, the number of mast cells in the
mucosa and submucosa was increased by 121.0% (27.4 vs.
12.4) and 34.6% (39.3 vs. 29.2) in the duodenum, by 63.0%
(33.9 vs. 20.8) and 84.3% (62.3 vs. 33.8) in the jejunum and
by 137.0% (47.4 vs. 20.0) and 77.0% (65.3 vs. 36.9) in the
ileum, respectively. In addition, the mast cell numbers were
greater in the distal intestine (in the ileum) than those in the
proximal intestine (in the duodenum and jejunum).

3.5. Histamine content in the small intestine

The effects of different doses of glycinin on histamine
levels in the small intestine are summarized in Table 2. In
contrast to the trend of mast cell numbers, a linear decrease
was observed in the jejunum and ileum of piglets as
supplementation of glycinin increased (P<O01). The hista-
mine contents in the jejunum and ileum of piglets treated
with 4% and 8% glycinin supplementation were decreased
(P<01) compared with control, which suggested that more
histamine had been released and involved in metabolism of
the small intestine.

3.6. Antibody levels in the intestine and serum

To investigate the effects of glycinin on anaphylactic
reactions in sensitized pigs, we determined the levels of IgE
antibody in the small intestine, total IgE and glycinin-
specific IgG1 levels in the serum. The antibody levels in
both the intestine and the serum exhibited a trend similar to
that for the mast cell numbers, but there was an inverse trend
with the histamine content. As shown in Table 2, the IgE
levels in pigs fed increasing doses of glycinin were linearly
elevated in the intestine (P<05). Total IgE and glycinin-
specific IgG1 in the serum were also increased (P<01) in the
groups treated with glycinin. The 4% and 8% glycinin
treatments elevated the total IgE levels as well as glycinin-
specific IgG1 levels compared with the control and the 2%
glycinin group (P<01).

3.7. Cytokine concentrations in the serum

Concentrations of IL-4 and IL-10 in the serum increased
linearly (P<01) with increasing glycinin supplementation
(Table 2). The results are consistent with a Th2-type immune
response in glycinin-induced hypersensitivity.

4. Discussion

The present study utilized an experimental pig model to
elucidate the mechanism of soybean glycinin-induced food
allergy, which is an important concern related to both animal
nutrition and human health. Soybean allergy represents a
significant health problem, which occurs more frequently
early in life [10]. Infants consuming soybean-based formulae
tend to suffer from hypersensitivity [32]. With the popular-

ized application of soybean in the food and feed industries,
the incidence of soybean allergy tends to rise in children and
adults [33] as well as in young animals [12—15].

The major soybean storage globulin 11S glycinin has
been identified as an allergen [8,9], and its allergenicity is
known to contribute to hypersensitivity in human, whose
clinical symptoms range from gastrointestinal distress to life-
threatening asthma and death [3]. To date, there have been
many studies using young pigs as an animal model to
investigate the effects of soybean proteins (including
glycinin) [13,18], which showed that soybean protein
could reduce performance with frequent diarrhea. Clinically,
diarrhea is a concomitant apparent symptom for soybean or
other food allergies in infants and adults [34—-36], which is
one of the criteria to evaluate the degree of sensitization [30].
Consistent with those reports, our study demonstrated
reduced weight gain and lowered feed efficiency in
glycinin-fed piglets during the sensitization period. All the
diets were formulated with similar levels of protein and
energy to minimize the effect of the replacement of high-
quality skimmed milk powder and casein with a plant
protein. Furthermore, the performance of piglets was dose-
dependently related to the supplementation of soybean
glycinin. In addition, the frequency of diarrhea increased
in pigs fed glycinin after the initial oral challenge (data
not shown), indicating that a successful animal model has
been established.

Allergenicity of a dietary allergen is attributed to a variety
of factors including the structure of the protein and the
stability resistant to processing as well as enzyme digestion.
Glycinin, especially its acid polypeptide, is heat resistant and
can escape small intestinal digestion. Lallés et al. [37]
detected immunoreactive glycinin and acid polypeptides of
glycinin in the digesta of the duodenum and ileum in
preruminant calves, respectively. Perez et al. [38] found
immunoreactive glycinin in tissue homogenates in rats that
received intragastric doses of soya isolate as well. The
undigested residues may damage the gastrointestinal mucosa
[39], affect the absorption of nutrients and result in diarrhea.

Gastrointestinal food allergy is a food-stimulated IgE-
mediated event. Soybean-allergic patients often have
increased IgE antibodies in the sera [8,9]. In the current
study, we also found a significant increase in IgE levels both
in the intestine and in the serum of glycinin-treated pigs. The
results of skin prick tests in this experiment were also
positive in the pigs fed glycinin, which is consistent with the
results obtained by Dréau et al. [12]. IgE plays an important
role in most food-induced allergies, which are IgE mediated
and characterized by Type I allergic reactions [40].
Furthermore, IgE levels can reflect the activation of mast
cells in the small intestine. The large quantity of IgE
antibodies generated in the allergic individuals immediately
bind to the corresponding receptor FceRI on the surface of
the mast cells in the gastrointestinal tract and other tissues,
which provoke the mast cells to degranulate and release
active mediators, such as histamine, 5-hydroxytryptamine
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and some cytokines, leading to a typical hypersensitivity
[41]. Consistent with these reports, serum IL-4 and IL-10
levels increased as IgE did, and the IgE production was
dependent on IL-4 and IL-10. It is well documented that IL-4
and IL-10 are produced by Th2 cells [25], which bring about
strong antibody-producing responses (including antigen-
specific I[gG1 and IgE). Previous studies have shown that IgE
and IgG1 are involved in the immediate allergic reaction in
murine [33,42,43] and other animals [30,44]. Indeed, an
increase in IgE and IgG antibodies specific for the soy
extract has been detected in the serum of children with atopic
dermatitis and positive soy challenges [8]. In the current
study, we observed elevated levels of glycinin-specific IgG1
and IgE in the serum of sensitized piglets, indicating that
glycinin-induced hypersensitivity was a predominantly Th2-
oriented immune response.

An important finding of the current study is that the
number of mast cells in the mucosa and submucosa in the
small intestine of pigs fed glycinin was greater (P<05) than
that of the control group, which demonstrated that as a food
allergen, glycinin could elevate the intestinal mast cell
numbers in accordance with the previous results [45,46].
These mast cells can be activated by soybean antigen-
specific IgE, resulting in an excessive release of histamine,
which may contribute to the change of intestinal motility [47]
and malabsorption of nutrients, supporting the results of the
reduced performance and diarrhea of pigs in previous studies
[13,36,39] as well as in our study.

As described above, histamine is the major mediator
released by activated mast cells. Since mast cells are
regarded as the major source of histamine in the gut and
other tissues [47], the assay of histamine has been considered
a good indicator of the activation and number of the mast
cells [48]. Mast cells proliferated to release more histamine,
as reported by other investigators [45]. Furthermore,
histamine release can be a criterion in the diagnosis to test
food allergy [49], as patients with food allergy manifest
increased release of histamine from the gastrointestinal
mucosa after being sensitized by food allergen [50]. Cellular
histamine content may be a sensitive indicator of histamine
release because secreted histamine can be instantly termi-
nated after an interaction with corresponding cellular targets
[47], which means that less cellular histamine and prolifer-
ated mast cells indicate more histamine release from mast
cells to the hollow canal of the gastrointestinal tract. We
found a linear depletion of histamine levels in the small
intestine in glycinin-sensitized pigs (P<05), indicating that
more histamine had been released. The histamine concentra-
tions in different parts of the gut were correlated with the
number of mast cells in the corresponding tissues. As the
number of mast cells increased, the analyzed histamine
content decreased, which is in accordance with those
reported by other investigators [25,51]. The excessive
histamine would promote the dilation and permeability of
local microvessels, leading to the absorption of undigested
glycinin, inducing the impairment of the gut and elevating

the serum IgG, as shown in our research and as described by
other investigators [13]. In addition, there is compelling
evidence that mast cells and histamine contribute to allergen-
induced diarrhea [34], which was also found in our study.

In conclusion, this study has established a swine model to
elucidate a mechanism responsible for glycinin-induced
hypersensitivity in response to consumption of soybean
products. The immunological abnormality is a predomi-
nantly Th2-type immune response, mediated by IgE and
associated with the increase of mast cell numbers and
histamine release as well as a concomitant increase of 1L-4
and IL-10 production, which may affect the digestion and
absorption of nutrients, leading to poor performance and
occurrence of diarrhea in piglets. These findings may have
important implications for preventing and treating glycinin-
related allergic disease in human, especially in children
and infants.
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