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Atopic dermatitis (AD), which is known as the most common pruritic skin disease, is caused by epidermal
barrier dysfunction, allergies, microwave radiation, histamine intolerance, and genetic defects. To investigate
the therapeutic effects of fermented soycrud (FSC) on AD pathology, alteration of AD phenotypes induced
by phthalic anhydride (PA) treatment was assessed by ear thickness analysis, measurement of immune-
related organ weights, ELISA, and histological and pathological analyses of ICR mice after FSC treatment
for 2 weeks. Except for water content, the concentrations of most major components were lower in FSC
compared to common tofu (CMT). Thymus and lymph node weights were significantly reduced in ICR
mice treated with PA+CMT or PA+FSC, whereas spleen and body weights were maintained. Elevation of
ear thickness induced by PA treatment was rapidly diminished in the CMT- and FSC-treated groups,
although there was no significant difference between the two groups. Furthermore, significant reduction
of epidermal thickness was detected in both the PA+CMT- and PA+FSC-treated groups. However, IgE
concentration and dermal thickness were reduced only by PA+FSC treatment, whereas PA+CMT
treatment maintained levels comparable to PA+vehicle treatment. The number of infiltrated mast cells
was higher in the PA+vehicle-treated group compared to the untreated control. Following CMT or FSC
treatment, mast cell infiltration was slightly reduced, although the CMT-treated group showed greater cell
numbers. These results indicate that FSC may significantly relieve the phenotypes of AD induced by PA
treatment and should be considered as a potential candidate for AD therapy.
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AD is a common chronic inflammatory disorder

caused by excessive activation of white blood cells and

basophils due to IgE production in response to

environmental antigens [1,2]. Further, this disorder is

characterized by eczematous skin lesions, which give

rise to asthma, allergic rhinitis, food allergies, and

contact dermatitis [3,4]. Risk factors of AD include four

major environmental candidates, including infectious

disease, environmental pollution, exposure to allergens,

and dietary changes [5].

Various medications, including topical corticosteroids,

calcineurin inhibitors, antihistamines, oral corticosteroids,

cyclosporine, and interferon, are commonly used for the

treatment of AD, although their usage is limited due to

undesirable side effects [6,7]. Especially, topical

corticosteroids are the most common and effective

treatment for AD in most countries as they can be

directly applied to the skin as a cream or ointment [8].
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Although they are effective on thin and sensitive skin

areas, their application is problematic due to adverse

events, such as skin thinning, and their potential to

impair the skin barrier. However, topical calcineurin

inhibitors also provide effective AD treatment without

impairing the skin barrier or inducing skin thinning,

although they are associated with a higher incidence of

application-site reactions involving pruritus and skin-

burning [9]. Recently, various foods and food derivatives

have received attention as novel therapeutic drugs for

AD treatment.

Tofu, also called bean curd, is an unfermented soybean

product made by the coagulation of soy juice. It has a

low calorie count, relatively large amount of protein,

little fat content, and high concentrations of iron,

calcium, and magnesium [10,11]. Especially, tofu is rich

in isoflavones (509 µg/g), which have been suggested to

be preventive against various cancers [12]. Until now,

some studies have reported the beneficial effects of tofu

in mammals. Tofu diets are known to exhibit therapeutic

properties based on their ability to reduce certain lipid

components, including cholesterol, triglycerides, and

low-density lipoprotein (LDL), in the liver and serum

[13-15]. Further, consumption of tofu can have preventive

effects against several types of cancers, including prostate

cancer, breast cancer, stomach cancer, and acute leukemia

[16-19]. Tofu diets containing high concentrations of

isoflavones (150-250 ppm) show elevated superoxide

dismutase and catalase activities in various organs of SD

rats [20]. However, there has been no report on whether

or not fermented soycrud (FSC) can improve the

pathological symptoms of AD.

Accordingly, in this study, we measured the benefit

effects of FSC in a chemically induced AD model

showing significant increases in ear thickness, IgE

concentration, immune related organ weights, and mast

cell infiltration. These results are the first to provide

evidence that FSC may contribute to the relief of AD

pathogenesis.

Materials and Methods

Care and use of laboratory animals

All animal experimental procedures performed in this

study were approved by the Institutional Animal Care

and Use Committee (IACUC) at Pusan National University

(PNU-2012-0061). The animals were handled at the

Pusan National University-Laboratory Animal Resources

Center accredited by the Korea FDA in accordance with

USA NIH guidelines (Accredited Unit Number-00231).

All mice were housed under specified pathogen-free

(SPF) conditions and a strict light cycle (lights on at

06:00 h and off at 18:00 h) and provided a standard

irradiated chow diet (Purina Mills Inc., Missouri, USA)

ad libitum. ICR mice used in this study were purchased

from SamTako Biokorea (Osan, Korea).

Preparation of CMT and FSC

Soybeans (Dae pung, 100 g) were soaked in distilled

water (800 mL) at 27-32oC for 6 h and then ground in a

grinder with water. To synthesize FSC, soymilk was

subsequently sterilized at 121oC for 15 min in an

autoclave machine. After cooling at room temperature,

the soymilk was inoculated with Leuconostoc mesenteroides

No. 4395 to a final concentration of 2%, followed by

incubation at 30oC for 24 h. Meanwhile, CMT produced

by a traditional method was purchased from Pulmuone

co. (Seoul, Korea) and then diluted with dH
2
O. CMT

and FSC samples were freeze-dried and homogenized,

after which both powders were stored at −75oC before

use.

Components analysis

Amounts of water, ash, crude protein, crude fat, and

crude fiber in soycurd were determined according to the

methods of Association of Official Analytical Chemists

(AOAC) (1). Contents of total and reducing sugars were

measured by the phenol-sulfuric acid [21] and 3,5-

dinitrosalicylicacid (DNS) [22] methods, respectively.

Experimental design

Six-week-old ICR mice (n=21) were randomly

divided into four groups. In the first group of ICR mice

(No-treated, n=5), nothing was spread on the dorsum of

ears for 2 weeks. In the second group (PA, n=16), 100

µL of 5% PA solution in AOO (4:1 acetone-olive oil,

v/v) was repeatedly spread on the dorsum of ears daily

for 2 weeks. The second group was further divided into

three treatment groups: PA+vehicle, PA+CMT, and

PA+FSC. The PA+CMT and PA+FSC groups received

0.3 mg of CMT and FSC powder, respectively, daily via

oral administration for 2 weeks, whereas the PA+vehicle

group received a comparable volume of water.

Measurement of body weight, lymph node weight,

and ear thickness
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Alteration of body weight during the experimental

procedure was measured daily for 2 weeks using an

electronic balance (Mettler Toledo, Greifensee, Switzerland).

The weights of three organs, including the thymus,

spleen, and lymph nodes, collected from sacrificed mice

were also measured by the same method. Ear thickness

was measured using a thickness gauge (Digimatic

Indicator, Matusutoyo Co., Tokyo, Japan) in order to

determine the degree of allergic skin inflammation

induced by PA treatment.

Enzyme-linked immunosorbent assay (ELISA) for

detection of serum IgE concentration

Serum IgE concentration was measured using an

ELISA kit (Shibayagi, Inc., Gunma, Japan) according to

the manufacturer’s instructions. Briefly, capture antibodies

were plated on the Nunc C bottom immunoplate supplied

in the kit, after which the wells were washed with

washing solution (50 mM Tris, 0.14 M NaCl, 0.05%

Tween 20, pH 8.0) three times. Serum samples and

standards diluted with buffer solution were then added to

each of the wells, followed by incubation for 2 h. After

the wells were washed again with washing solution, 50

µL of Biotin-conjugated anti-IgE antibody (1,000-fold

dilution) was added to each well and the plate incubated

for 2 h in order to facilitate binding with captured IgE.

The wells were washed a final time with washing

solution, after which horseradish peroxidase-conjugated

detection antibody (2,000-fold dilution) was added to

each well and the plate incubated for 1 h. An enzyme

reaction was then initiated by addition of tetramethyl-

benzidine (TMB) substrate solution (100 mM sodium

acetate buffer, pH 6.0, 0.006% H
2
O

2
), followed by

incubation at room temperature in the dark for 20 min.

Finally, the reaction was terminated by addition of acidic

solution (reaction stopper, 1 M H
2
SO

4
), and the absorbance

of yellow product was measured spectrophotometrically

at 450 nm. The final concentration of IgE was calculated

using the standard curve.

Histological analysis

Ear skins were removed from mice, fixed with 10%

formalin, embedded in paraffin wax, routinely processed,

and then sectioned into 4 µm thick slices. The skin

sections were then stained with hematoxylin & eosin,

followed by light microscopy to determine the presence

of edema and accumulation of inflammatory cells.

Further, thickness levels of the epidermis and dermis

were measured using Leica Application Suite (Leica

Microsystems, Wetzlar, Germany).

Toluidin blue staining

Mast cells were detected by staining with Toluidine

blue according to a previously described method [23].

After deparaffinization and dehydration, ear skin sections

were stained with 0.25% solution of Toluidine blue

(Sigma-Aldrich) and examined by light microscopy for

the presence of mast cells. The numbers of cells per

specific area in ear tissue sections were measured using

Leica Application Suite (Leica Microsystems).

Statistical analysis

One-way ANOVA was used to verify significant

differences between the PA- and No-treated groups

(SPSS for Windows, Release 10.10, Standard Version,

Chicago, IL, USA). Additionally, response differences

between the CMT- or FSC-treated group and vehicle-

treated group were evaluated by a post hoc test (SPSS

for Windows, Release 10.10, Standard Version, IL,

USA) of the variance and significance levels. All values

were expressed as the means±SD. A P value of <0.05

was considered significant.

Results

Concentrations of key components in FSC

To determine the concentrations of major components

in FSC, the levels of several important components,

including proteins, fat, fiber, and sugar, were measured

using several traditional methods. As shown in Table 1,

except for water content, the levels of all components

were significantly lower in FSC compared to CMT.

Especially, the amounts of crude fiber and ash were

reduced by 95-100% CMT, whereas the levels of crude

Table 1. Comparison of major components between CMT and
FSC

Classification CMT (%) FSC (%)

Water 84 94.36

Ash 0.9 0.4

Crude fat 5.6 1.426

Crude protein 9.3 2.85

Crude fiber 0.2 0.0056

Crud ash 0.9 0

Reducing sugar 0.051 0.042

Total sugar 18.89 4.88

Abbreviations: CMT, Common tofu; FSC, Fermented soycrud.
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fat and total sugar were reduced by 74-75% CMT.

Therefore, the above results indicate that FSC used in

this study contained low concentrations of ash, protein,

fiber, and sugar.

Effects of FSC treatment on body and organ weights of

mice

Firstly, to determine the effects of FSC treatment on

the body and organ weights of mice, changes in these

factors were measured using an electric balance after

sacrifice. No significant difference in body weight was

detected in any group after treatment (Figure 1A).

Especially, significant alteration of organ weights

occurred in the thymus, spleen, and lymph nodes. As

shown in Figure 1C and D, PA treatment resulted in

elevation of spleen and lymph node weights in ICR mice

compared with No treatment. Lymph node weight was

significantly reduced in response to either PA+CMT or

PA+FSC treatment, although the decrease ratio was

greater in PA+FSC-treated mice than in PA+CMT-

treated mice. On the other hand, reduction of spleen

weight was not detected in either PA+CMT- or PA+

FSC-treated mice. The weight of the thymus was lower

in PA+vehicle-treated mice than in No-treated mice,

whereas it significantly decreased in both PA+CMT-

and PA+FSC-treated mice (Figure 1B). These results

indicate that FSC may reverse the increase in lymph

node weight induced by PA treatment, whereas the other

organs did not experience any beneficial changes.

Effects of FSC treatment on ear thickness and

morphology

To investigate the effects of FSC on ear phenotypes,

changes in ear thickness and morphology were measured

in PA+FSC-treated mice. Ear thickness rapidly increased

in PA+vehicle-treated mice compared to No-treated

mice from days 7 to 14. On the other hand, ear thickness

slowly increased in PA+CMT- and PA+FSC-treated

Figure 1. Differences in body (A) and organ (B-D) weights of ICR mice. Body weights of mice in each of the four groups were
measured using a chemical balance over 2 weeks. After final application, the weights of three organs, including the thymus, spleen,
and lymph nodes, were measured by following the procedure described in Materials and Methods. Data shown are the means±SD
(n=5). a, P<0.05 is the significance level compared to the NO-treated group. b, P<0.05 is the significance level compared to the
PA+vehicle-treated group.
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Figure 2. Differences in ear thickness (A), ear phenotypes (B), and IgE concentration (C). PA solution was repeatedly applied to the
dorsum of ears of ICR mice during oral gavage of FSC. After 2 weeks, ear thickness and phenotypes were observed by following
the procedure described in Materials and Methods. Serum used to measure the IgE concentration was prepared from blood
samples collected from the abdominal veins of mice. Serum IgE concentration was quantified using an IgE ELISA kit, which has an
IgE sensitivity of 1 ng/mL and a detection range from 1 ng/mL to 100 ng/mL. Data shown are the means±SD (n=5). a, P<0.05 is the
significance level compared to the No-treated group. b, P<0.05 is the significance level compared to the PA+vehicle-treated group.
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mice, although a significant difference could not be

detected between the two groups (Figure 2A). Further,

the outline of the ear vein became distinct or thickened

upon PA+vehicle treatment compared with No treatment,

whereas ear color changed from flesh tint to dark brown.

However, these changes in ear morphology and ear

thickness were slightly reversed upon PA+FSC treatment

(Figure 2B). Taken together, our results demonstrate that

FSC may successfully induce reduction of ear thickness

as well as recovery of ear phenotypes.

Effect of FSC treatment on IgE concentration

Next, we investigated whether or not FSC could

suppress elevation of the IgE concentration. To accomplish

this, the serum IgE concentration was evaluated in each

of the four experimental groups. As shown in Figure 2C,

repeated topical application of PA solution resulted in

significant elevation of the serum IgE concentration in

ICR mice. However, reduction of IgE concentration was

observed only in the PA+FSC-treated group, whereas a

consistent level was maintained in the PA+CMT-treated

group (Figure 2C). Taken together, these results suggest

that FSC treatment may contribute to reduction of the

IgE concentration in PA-treated ICR mice.

Effect of FSC treatment on ear histology

To investigate the suppressive effect of FSC treatment

on ear histology, histological analysis of ear tissues from

ICR mice was performed. The dermis and epidermis of

the ear were thicker in PA+vehicle-treated mice than in

No-treated mice. However, epidermal thickness greatly

decreased in both the PA+CMT- and PA+FSC-treated

groups compared with the PA+vehicle-treated group,

although there was no significant difference between

them (Figure 3). In addition, significant reduction of

dermal thickness was detected only in PA+FSC-treated

ICR mice compared with PA+vehicle-treated mice.

Especially, PA treatment induced slight changes in the

number of adipocytes in the dermal layer of ICR mice.

The PA+vehicle-treated group exhibited 4-6-fold higher

numbers of adipocytes compared to the No-treated

group. On the other hand, FSC treatment resulted in

reduction of adipocytes in the dermal region (Figure 3).

These results show that FSC may induce reduction of

epidermal and dermal thicknesses in ear histology.

Effect of FSC treatment on infiltration of mast cells

Finally, the benefit effect of FSC on infiltration of mast

cells was investigated in an ear skin section using

toluidine blue staining analysis. Alteration of mast cell

numbers was observed under a microscope. Specifically,

the number of mast cells stained with blue color was

significantly reduced in both the CMT- and FSC-treated

groups compared with the No-treated group, whereas

numbers were higher in the PA+vehicle-treated group.

Especially, the PA+FSC-treated group showed large

alteration of the number of master cells (Figure 4). These

data indicate that FSC treatment may contribute to the

suppression of mast cell infiltration in the dermis of ear

skin.

Discussion

PA is a respiratory sensitizer as well as an important

industrial chemical in the large-scale production of

plasticizers [24]. However, PA induces inflammation of

the eyes in humans due to its occurrence as a vapor,

fume, or dust particle. Further, PA treatment sensitizes

and irritates the skin and respiratory tract [25,26]. In the

case of mice, PA treatment has been shown to increase

ear thickness in various types of mice, including BALB/c,

C57BL/6, and IL-4/Luc/CNS-1 Tg mice, compared to

No treatment [27,28]. In our study, similar results were

observed. As shown in Figure 2, ear thickness

dramatically increased in ICR mice treated with PA for

2 weeks, and ear phenotypes gradually worsened with

time. Meanwhile, PA treatment has previously been

shown to increase lymph node weight and IgE

concentration in BALB/c and IL-4/Luc/CNS-1 Tg mice

[25,27-30]. The results of our study are in agreement

with the above reports, although the rates of increase

varied. In our study, lymph node weight dramatically

increased in the PA+vehicle-treated group, whereas it

decreased in the PA+FSC-treated group (Figure 1).

Furthermore, PA treatment for 2 weeks induced dramatic

elevation of the IgE concentration in ICR mice.

Several studies have shown that intake of fermented

soy product or soy sauce containing a high concentration

of isolavones can prevent allergic rhinitis [31,32].

Especially, the effect of ImmunoBalance, which is a

fermented soy product, was investigated using a NC/

TND mouse model of human AD. ImmunoBalance

treatment relieved some pathological symptoms of AD,

including skin severity score, scratching behavior, cell

infiltration, and production of inflammatory cytokines

[33]. Furthermore, L. mesenteroides, used in this study to
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Figure 3. Histopathology of ear skin of ICR mice treated with No, PA+vehicle, PA+CMT, or PA+FSC. PA solution was repeatedly
applied to the dorsum of ears of ICR mice during oral gavage of FSC. After 2 weeks, histological changes were observed as
described in Materials and Methods. (A) Slide sections of ear tissue were stained with hematoxylin & eosin and observed at a
magnification of 200x. (B) Epidermal and dermal thicknesses in the histological section were measured using Leica Application
Suite. Data shown are the means±SD (n=5). a, P<0.05 is the significance level compared to the No-treated group. b, P<0.05 is the
significance level compared to the PA+vehicle-treated group.
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Figure 4. Infiltration of mast cells of ICR mice treated with No, PA+vehicle, PA+CMT, or PA+FSC. (A) Slide sections of ear tissue
were stained with 0.25% toluidine blue and observed at a magnification of 400x. Arrowhead indicates infiltrated mast cells in the
dermis of ears. (B) Numbers of infiltrated mast cells in the stained sections were detected using Leica Application Suite. Data
shown are the means±SD (n=5). a, P<0.05 is the significance level compared to the No-treated group. b, P<0.05 is the significance
level compared to the PA+vehicle-treated group.
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make FSC, may also have the ability to improve allergy

symptoms. Specifically, L. mesenteroides was shown to

suppress IgE-mediated hypersensitivity in an NC/Nga

mouse model [34]. In addition, L. mesenteroides

administration to mice has been shown to reduce serum

total and ovalbumin (OVA)-specific IgE concentrations

while increasing OVA-restimulated IFN-γ secretion in

splenocytes [35]. As shown in Figure 2C, FSC containing

L. mesenteroides showed similar results in terms of

alteration of the IgE concentration. Our results also

provide novel evidence that FSC contributes to the

alleviation of AD symptoms, although the analytic

factors used here differ from those of earlier studies.

Particularly, our study focused on alteration of lymph

node weight, ear thickness, IgE concentration, and mast

cell infiltration, whereas previous studies concentrated

on skin morphology, scratching behavioral, and cytokine

levels. Further study is needed to investigate the mechanism

of action of FSC under various conditions.

Meanwhile, mast cells are considered as a key effector

cell type in IgE-mediated immediate hypersensitivity

and allergic disorders, as well as in the protection of

immune responses to parasites and bacteria [36,37].

However, recent studies have proposed a greater role for

mast cells from innate defense against bee and snake

venoms [38] to multiple aspects of adaptive immune

responses, including antigen presentation, leukocyte

recruitment, and draining of lymph nodes [39].

Furthermore, these roles have been extended to allergic

diseases, helminth, bacterial infection, autoimmune

diseases [40], carcinogenesis [41], allograft tolerance

[42], and angiogenesis [43]. Therefore, we investigated

alteration of mast cell infiltration in ears of ICR mice in

response to PA+FSC treatment. The number of mast

cells that infiltrated into the dermis significantly increased

in the PA+vehicle-treated group compared to the No-

treated group. On the other hand, the number of

infiltrated mast cells decreased in the PA+FSC-treated

group. This result was very similar to a previous study

that investigated the therapeutic effects of Liriope

platyphylla in a PA-induced AD mouse model [44,45].

Therfore, mast cells are an important marker to detect

the effects of various components on AD therapy.

Taken together, the above results constitute novel

findings about FSC function in AD pathology, including

ear thickness, IgE concentration and mast cell infiltration.

FSC can effectively relieve AD phenotypes induced by

PA treatment. Furthermore, these findings indicate that

FSC intake can be considered as a new therapeutic

strategy for the treatment of AD.
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