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Abstract: Shuidouchi (Natto) is a fermented soy product showing in vivo gastric injury preventive
effects. The treatment effects of Shuidouchi fermented in different vessels on HCl/ethanol-induced
gastric mucosal injury mice through their antioxidant effect was determined. Shuidouchi contained
isoflavones (daidzein and genistein), and GVFS (glass vessel fermented Shuidouchi) had the highest
isoflavone levels among Shuidouchi samples fermented in different vessels. After treatment with
GVFS, the gastric mucosal injury was reduced as compared to the control mice. The gastric
secretion volume (0.47 mL) and pH of gastric juice (3.1) of GVFS treated gastric mucosal injury
mice were close to those of ranitidine-treated mice and normal mice. Shuidouchi could decrease
serum motilin (MTL), gastrin (Gas) level and increase somatostatin (SS), vasoactive intestinal
peptide (VIP) level, and GVFS showed the strongest effects. GVFS showed lower IL-6, IL-12,
TNF-α and IFN-γ cytokine levels than other vessel fermented Shuidouchi samples, and these
levels were higher than those of ranitidine-treated mice and normal mice. GVFS also had higher
superoxide dismutase (SOD), nitric oxide (NO) and malonaldehyde (MDA) contents in gastric
tissues than other Shuidouchi samples. Shuidouchi could raise IκB-α, EGF, EGFR, nNOS, eNOS,
Mn-SOD, Gu/Zn-SOD, CAT mRNA expressions and reduce NF-κB, COX-2, iNOS expressions
as compared to the control mice. GVFS showed the best treatment effects for gastric mucosal
injuries, suggesting that glass vessels could be used for Shuidouchi fermentation in functional
food manufacturing.
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1. Introduction

Soybeans fermented in water for a short time (Shuidouchi) is a traditional Chinese fermented
soybean product, whose process is similar to Chungjukjang from South Korea and Natto from
Japan [1]. It rich in nutrients, including proteins, vitamins and minerals, and its content of vitamin E is
especially noteworthy [2]. Fermented soybeans not only have high nutritive value, but are also used
as a drug in Traditional Chinese Medicine [3]. According to Traditional Chinese Medicine, fermented
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soybeans can clear heat and detoxify, which can treat headaches due to pathogenic wind-heat, chest
distress and vomiting. Numerous soy oligosaccharides in fermented soybeans can improve the
body’s immunity and reduce the intestinal levels of toxic substances, which can prevent intestinal
tumors [4]. Scholars in Japan and South Korea found that Chungjukjang and Natto have many health
benefits, including anti-oxidation, anti-inflammatory and anti-cancer activities. As a soy product, the
most active ingredient of soybeans fermented in water is soy isoflavones. Isoflavones in fermented
soybean products are more active than that in raw soybeans, which have very strong anti-tumor and
anti-aging effects and prevent embrittlement of blood capillaries [5].

Shuidouchi is a soy product fermented for a short time [6]. In addition to factories, it can also
be homemade in many areas. Similarly, in Japan and South Korea, they often make Natto and
Chungkukjang at home. Different kinds of containers are often used in fermentation of Natto and
Chungkukjang both in the factories and at home. Japan has even developed an automatic Natto
fermentation machine with a metal tank. South Korean scholars have studied the sensory, physical
and chemical properties as well as antioxidant effects of Chungkukjang fermentation with jars and
glass, they found that jars were much better for the production of Chungkukjang [7]. In China, metal,
glass, plastic and ceramic containers are often used in Shuidouchi production. This research aims
to study the anti-gastric mucosal injury effects of Shuidouchi fermented in different containers and
explain the mechanism of the anti-oxidation effects of Shuidouchi.

The stomach is in a protected anatomical position in abdominal cavity and can move within
some limits, so it is not easy to injure it with outside violence [8]. Gastric mucosal damage is very
common and caused by many factors, including chemical factors such as smoking, drinking strong
tea, coffee, and drugs stimulating the gastric mucosa such as aspirin and indomethacin, physical
factors such as too much cold or heat, eating rough food, bacteria or their toxins [9]. The alcohol
in wine can greatly stimulate the gastric mucosa, and taking in too much alcohol can lead to gastric
mucosa damage and congestion in the stomach [10]. Most bean products can protect the stomach,
as they take advantage of their alkaline characteristics to neutralize the amount of hydrochloric acid
due to gastric damage and alleviate stomach injuries. In addition to their alkalinity, soy isoflavones in
soybean products may play a key role in alleviating stomach damage [2]. Soybean foods contain many
isoflavones, such as daidzein, genistein, glycitein, etc., but these isolflavones cannot be immediate
absorbed in the human body, and they must be hydrolysed to absorbable aglycones by β-glucosidase
from the intestinal microbiota. Shuidouchi is produced by microorganisms and these microorganism
could make these isoflavones change into functional compounds which could be readily absorbed
by humans.

A mice model of gastric mucosal injury induced by hydrochloric acid and alcohol can determine
the health effects of functional food components. Alcohol is the main factor causing gastric mucosal
injury, and a certain concentration of hydrochloric acid can promote and increase gastric mucosa
lesions caused by alcohol. Based on this animal model, mice are gavaged with soybean isoflavones
extracted from fermented soybeans to test biochemical indicators of serum levels (MTL, Gas, SS,
VIP, IL-6, IL-12, TNF-α and IFN-γ), tissue levels (SOD, NO and MDA) and mRNA expression
(NF-κB, IκB-α, EGF, EGFR, nNOS, eNOS, iNOS, COX-2, Mn-SOD, Gu/Zn-SOD and CAT) in
gastric tissues. The experimental results prove the gastric mucosa damage prevention effects of
isoflavones in fermented soybeans and help elucidate its possible mechanism. This study also aimed
to know the physicochemical properties of Shuidouchi produced by fermentation in different vessels,
and the relationship between the physicochemical properties discrepancies (isoflavones content,
moisture content, fermentation temperature, acidity and total bacterial count) and anti-gastric mucosa
damage effects.
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2. Results and Discussion

2.1. Isoflavone Contents of Shuidouchi

In this study, the isoflavone contents of Shuidouchi was determined by a spectrophotometric
method, whereby isoflavone standard solutions (daidzein and genistein) were measured,
and the regression equation of contents of daidzein and genistein were made, Ydaidzein
(daidzein regression equation) = 148338 + 1.70 ˆ 108 ˆ (r = 0.999), Ygenistein (genistein regression
equation) = ´316706 + 4.20 ˆ 108 ˆ (r = 0.995).

Compared with these regression equations, the results showed that GVFS has the highest
contents of daidzein and genistein (Table 1), and MVFS had more daidzein and genistein content
than PVFS and CVFS (p < 0.05). Soybean isoflavones can prevent and cure many diseases [11].
Isoflavones are limited in Nature and soybean is the only nutritionally-meaningful food source
of isoflavones [12]. Many studies had shown that soybean isoflavones have strong antioxidant
effects, especially the soybean isoflavones in the human body, which have strong antioxidant and
anti-inflammatory effects [13–15]. Recent research showed that the content of soybean isoflavones
is higher in Shuidouchi, and the content was much higher in fermented soybeans because of the
fermentation effect [2].

During the fermentation process, many factors could affect the contents of isoflavones in
Shuidouchi, including the fermentation container type. Temperature and moisture are important
factors in fermentations. By temperature control, the inside and outside of the container could remain
unobstructed, which was advantageous for natural fermentation, while adequate moisture was also
helpful for fermentation [5]. Diathermancy and moisture retention of glass containers were better
than the other vessels, which were more advantageous to Shuidouchi fermentation [16]. They could
produce more soybean isoflavones, which might inhibit gastric lesions.

Table 1. Contents of soybean isoflavones in different vessels fermented Shuidouchi.

Group Daidzein (mg/g) Genistein (mg/g)

CVFS 0.45 ˘ 0.03 c 0.72 ˘ 0.04 c

PVFS 0.48 ˘ 0.04 c 0.73 ˘ 0.03 c

MVFS 0.67 ˘ 0.02 b 0.96 ˘ 0.04 b

GVFS 0.84 ˘ 0.03 a 1.22 ˘ 0.05 a

a–c Mean values with different letters in the same column are significantly different (p < 0.05) according to
Duncan’s multiple-range test. CVFS, ceramic vessel fermented Shuidouchi; PVFS, plastic vessel fermented
Shuidouchi; MVFS, metal vessel fermented Shuidouchi; GVFS, glass vessel fermented Shuidouchi.

2.2. Physicochemical Properties of Shuidouchi

After 72 h fermentation, the moisture content, temperature, acidity and total bacterial counts of
Shuidouchi samples fermented in different vessels were determined. GVFS had the highest moisture
content and total bacterial counts, but it had a lower temperature than CVFS, PVFS, MVFS and had
lower acidity than CVFS, PVFS (Table 2).

Table 2. Physicochemical properties of Shuidouchi fermented in different vessels.

Group Moisture Content (%) Temperature (˝C) Acidity (%) Total Bacterial Counts (ˆ109 CFU/g)

CVFS 53.82 ˘ 0.03 d 38.84 ˘ 0.08 b 0.92 ˘ 0.07 a 1.03 ˘ 0.07 d

PVFS 54.10 ˘ 0.02 c 39.72 ˘ 0.21 a 0.89 ˘ 0.06 a 1.24 ˘ 0.06 c

MVFS 56.39 ˘ 0.04 b 37.36 ˘ 0.12 c 0.81 ˘ 0.09 ab 1.56 ˘ 0.06 b

GVFS 57.37 ˘ 0.01 a 37.42 ˘ 0.13 c 0.72 ˘ 0.11 b 1.78 ˘ 0.12 a

a–d Mean values with different letters in the same column are significantly different (p < 0.05) according to
Duncan’s multiple-range test. CVFS, ceramic vessel fermented Shuidouchi; PVFS, plastic vessel fermented
Shuidouchi; MVFS, metal vessel fermented Shuidouchi; GVFS, glass vessel fermented Shuidouchi.
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Moisture is a essential factor for bacterial growth, as the richness of moisture favors the
proliferation of bacteria, so rich moisture could help Shuidouchi to ferment [17]. Glass vessels could
retain the moisture during the fermentation of Shuidouchi, which might promote this fermentation
and make GVFS a high quality soybean fermented food. Shuidouchi was fermented at 36 ˝C
in this study, and the temperatures of Shuidouchi changed in the different vessels. Under the
same temperature conditions, these changes result from the heat conductivities of different vessels.
The heat conductivities of glass and metal are better than those of ceramic and plastic. Thirty six
(36) ˝C is a suitable temperature for bacterial growth [18], the fermentation temperature of glass and
metal vessels fermented Shuidouchi were close to 36 ˝C, and glass and metal vessels could maintain a
suitable temperature for Shuidouchi fermentation. The high acidity could inhibit the bacteria growth,
and maintaining a convenient acidity would help bacterial growth [19]. Glass vessels can keep a
convenient acidity for fermentation of Shuidouchi. From the results, glass vessels provide a better
fermentation environment for the fermentation of Shuidouchi than other vessels, as glass vessels
could help the Shuidouchi have more moisture content, total bacterial counts and lower temperature,
acidity, and these conditions could make GVFS produce more daidzein and genistein than Shuidouchi
fermented in other vessels.

2.3. Stomach Appearances of Mice

After Shuidouchi treatment, the gastric mucosal injury areas were reduced as compared to
the control mice (Table 3, Figure 1), and the gastric mucosal injury area of GVFS-treated mice was
significantly (p < 0.05) lower from other vessel fermented Shuidouchi-treated mice. The area was
close to that of the ranitidine-treated mice. The inhibitory rate of GVFS-treated mice was also higher
than that of other Shuidouchi-treated mice.

Table 3. Stomach appearance of HCl/ethanol induce gastric mucosal injury mice treated with
Shuidouchi fermented in different vessels.

Group Gastric Mucosal Injury
Gastric Mucosal Injury Area (mm2) Inhibitory Rate (%)

Normal 0.0 ˘ 0.0 f 100 ˘ 0.0 a

Control 7.21 ˘ 0.62 a 0.0 ˘ 0.0 d

CVFS (500 mg/kg) 2.88 ˘ 0.36 b 60.1 ˘ 4.6 e

PVFS (500 mg/kg) 2.75 ˘ 0.31 b 61.9 ˘ 4.1 b

MVFS (500 mg/kg) 2.15 ˘ 0.18 c 70.2 ˘ 2.5 d

GVFS (500 mg/kg) 1.84 ˘ 0.21 d 74.5 ˘ 2.7 c

Ranitidine (50 mg/kg) 1.05 ˘ 0.17 e 85.4 ˘ 2.4 b

a–f Mean values with different letters in the same column are significantly different (p < 0.05) according to
Duncan’s multiple-range test. CVFS, ceramic vessel fermented Shuidouchi; PVFS, plastic vessel fermented
Shuidouchi; MVFS, metal vessel fermented Shuidouchi; GVFS, glass vessel fermented Shuidouchi.
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Figure 1. Stomachs with HCl/ethanol-induced gastric mucosal injury in mice treated with Shuidouchi
fermented in different vessels. CVFS—ceramic vessel fermented Shuidouchi; PVFS—plastic
vessel fermented Shuidouchi; MVFS—metal vessel fermented Shuidouchi; GVFS—glass vessel
fermented Shuidouchi.
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After administering HCl/ethanol, the gastric mucosal injury area, an important index for gastric
mucosal injury determination, could be increased, [20]. From this study, GVFS could decrease the
HCl/ethanol induced gastric mucosal injury, and its effects seem stronger than those of Shuidouchi
fermented in other vessels.

2.4. Gastric Secretion Volume and pH of Gastric Juice of Mice

GVFS-treated mice had the lower gastric secretion volume but higher than that of normal and
drug (ranitidine)-treated mice (Table 4). GVFS-treated mice also had higher gastric juice pH than mice
treated with Shuidouchi fermented in other vessels, close to the normal and ranitidine-treated mice.

Table 4. Gastric secretion volume and pH of gastric juice of HCl/ethanol induced gastric mucosal
injury mice treated with Shuidouchi fermented in different vessels.

Group Gastric Secretion Volume (mL) pH of the Gastric Juice

Normal 0.28 ˘ 0.03 f 3.6 ˘ 0.1 a

Control 1.12 ˘ 0.17 a 1.0 ˘ 0.2 f

CVFS (500 mg/kg) 0.71 ˘ 0.11 b 2.4 ˘ 0.4 e

PVFS (500 mg/kg) 0.68 ˘ 0.12 b 2.5 ˘ 0.3 e

MVFS (500 mg/kg) 0.57 ˘ 0.05 c 2.8 ˘ 0.2 d

GVFS (500 mg/kg) 0.47 ˘ 0.04 d 3.1 ˘ 0.1 c

Ranitidine (50 mg/kg) 0.38 ˘ 0.04 e 3.3 ˘ 0.2 b

a–f Mean values with different letters in the same column are significantly different (p < 0.05) according to
Duncan’s multiple-range test. CVFS, ceramic vessel fermented Shuidouchi; PVFS, plastic vessel fermented
Shuidouchi; MVFS, metal vessel fermented Shuidouchi; GVFS, glass vessel fermented Shuidouchi.

After determination of gastric secretion volume and pH of gastric juice, the gastric mucosal
injuries could be checked out. High gastric secretion volume and low pH of the gastric juice cause
severe gastric mucosal injury [21]. Shuidouchi could reduce the gastric secretion volume and raise
the pH of the gastric juice, and the GVFS had the most obvious effects.

2.5. Serum Motilin (MTL), Gastrin (Gas), Somatostatin (SS) and Vasoactive Intestinal Peptide (VIP) Levels
in Mice

GVFS could significantly (p < 0.05) increase the serum SS, VIP levels and decrease MTL, Gas
levels compared to the control mice (Table 5). The serum MTL, Gas levels of GVFS treated mice were
lower than with Shuidouchi fermented in other vessels, and serum SS, VIP levels of GVFS-treated
mice were higher than those of animals treated with Shuidouchi fermented in other vessels.
These levels were close to those of the ranitidine-treated mice and normal mice.

MTL is the gastrointestinal hormone of excitability. After stimulation, its content increases and
this case abundant secretion of hydrochloric acid, which makes the stomach acidic and worsens
the degree of gastric ulceration [22]. Stimulated by certain substances, Gas would be released into
the blood and stimulate the parietal cells to secrete hydrochloric acid. The abnormal secretion of
gastric acid worsens gastric mucosal injuries [23]. SS was not only a kind of neural hormone, but
also a kind of neuromodulator, which could inhibit the secretion of many gastrointestinal hormones,
reduce gastrointestinal peristalsis, blood flow in the viscera and portal veins, as well as release
of inflammatory mediators, thus inhibiting gastric mucosal injuries [24]. VIP is a gastrointestinal
inhibitory hormone, which could inhibit the secretion of stomach acid. Meanwhile, VIP could activate
the D cells on the stomach wall. D cells release somatostatin, which could inhibit the secretion of
gastrin by G cells on the stomach wall and play a key role of alleviating gastric mucosa injuries [25].
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Table 5. Serum MTL, Gas, SS and VIP levels of HCl/ethanol induce gastric mucosal injury mice
treated with Shuidouchi fermented in different vessels. Define all in table caption.

Group MTL (µg/L) Gas (µg/L) SS (µg/L) VIP (µg/L)

Normal 42.0 ˘ 2.3 f 67.6 ˘ 5.3 f 128.0 ˘ 5.3 a 99.8 ˘ 4.3 a

Control 108.3 ˘ 6.9 a 137.6 ˘ 7.9 a 74.1 ˘ 3.3 f 51.2 ˘ 2.9 f

CVFS (500 mg/kg) 73.2 ˘ 5.2 b 95.4 ˘ 4.8 b 95.4 ˘ 7.8 e 70.3 ˘ 3.6 e

PVFS (500 mg/kg) 70.6 ˘ 4.7 b 90.6 ˘ 6.1 b 97.6 ˘ 4.6 e 74.1 ˘ 3.3 e

MVFS (500 mg/kg) 59.7 ˘ 4.5 c 85.1 ˘ 3.6 c 105.3 ˘ 3.0 d 80.1 ˘ 2.5 d

GVFS (500 mg/kg) 52.6 ˘ 3.1 d 77.3 ˘ 3.2 d 114.1 ˘ 3.8 c 86.7 ˘ 2.8 c

Ranitidine (50 mg/kg) 47.6 ˘ 2.0 e 72.5 ˘ 2.2 e 120.6 ˘ 4.8 b 92.5 ˘ 3.1 b

a–f Mean values with different letters in the same column are significantly different (p < 0.05) according to
Duncan’s multiple-range test. CVFS, ceramic vessel fermented Shuidouchi; PVFS, plastic vessel fermented
Shuidouchi; MVFS, metal vessel fermented Shuidouchi; GVFS, glass vessel fermented Shuidouchi.

2.6. Cytokine IL-6, IL-12, TNF-α and IFN-γ Levels in Mice

Cytokine IL-6, IL-12, TNF-α and IFN-γ levels in normal mice were the lowest, and these levels
in control mice were the highest (Table 6). GVFS-treated mice showed a lower level than control mice
and mice treated with Shuidouchi fermented in other vessels, and only higher than ranitidine-treated
mice and normal mice.

Table 6. Cytokine IL-6, IL-12, TNF-α and IFN-γ levels of HCl/ethanol induce gastric mucosal injury
mice treated with Shuidouchi fermented in different vessels.

Group IL-6 (pg/mL) IL-12 (pg/mL) TNF-α (pg/mL) IFN-γ (pg/mL)

Normal 41.2 ˘ 2.6 g 278.6 ˘ 33.5 g 43.5 ˘ 1.7 f 44.2 ˘ 1.5 f

Control 119.3 ˘ 7.3 a 942.1 ˘ 42.1 a 125.6 ˘ 8.3 a 99.2 ˘ 5.1 a

CVFS (500 mg/kg) 71.6 ˘ 4.8 b 651.2 ˘ 32.5 b 75.1 ˘ 6.2 b 68.7 ˘ 3.3 b

PVFS (500 mg/kg) 65.1 ˘ 2.5 c 608.6 ˘ 28.7 c 73.5 ˘ 6.8 b 65.3 ˘ 4.1 b

MVFS (500 mg/kg) 57.5 ˘ 3.3 d 506.7 ˘ 35.7 d 60.6 ˘ 4.9 c 57.1 ˘ 2.6 c

GVFS (500 mg/kg) 50.3 ˘ 2.3 e 425.6 ˘ 40.4 e 55.6 ˘ 3.8 d 51.2 ˘ 1.9 d

Ranitidine (50 mg/kg) 45.3 ˘ 1.9 f 361.5 ˘ 31.8 f 49.2 ˘ 2.8 e 47.6 ˘ 1.6 e

a–g Mean values with different letters in the same column are significantly different (p < 0.05) according to
Duncan’s multiple-range test. CVFS, ceramic vessel fermented Shuidouchi; PVFS, plastic vessel fermented
Shuidouchi; MVFS, metal vessel fermented Shuidouchi; GVFS, glass vessel fermented Shuidouchi.

IL-6 is a cytokine secreted by T cells, B cells and mononuclear macrophages, which becomes
abnormal in many autoimmune diseases and is related to the pathological process and severity
of these diseases [26]. A variety of abnormal antibodies and immune complexes in patients with
gastric injuries could stimulate the monocyte-macrophages to produce and release TNF-α into blood
circulation through different ways, causing increases of TNF-α levels in blood. The interaction
between increased TNF-α and inflammatory cells worsens the inflammation and promotes gastric
mucosa damage. IL-12 and IFN-γ are pro-inflammatory cytokines [27].

IL-12 could promote the growth and proliferation of T cells and NK cells and stimulate these cells
to produce IFN-γ, which could increase the secretion of IL-12 [28]. Research had shown that IFN-γ
and IL-12 could take part in gastric mucosa injuries and treatment through different interactions [29].
Under laboratory conditions, reducing the level of IL-6, IL-12, TNF-α and IFN-γ could reduce the
degree of gastric injury in mice. Soy isoflavones in fermented soybeans water alleviated the effect of
gastric mucosa injury by lowering the level of IL-6, IL-12, TNF-α and IFN-γ in serum [25].

2.7. Gastric Tissue SOD, NO and MDA Activities of Mice

After the gastric tissues determination, GVFS-treated mice showed higher SOD, NO contents
than PVFS-, MVFS-, and CVFS-treated mice and control mice (Table 7). Control mice had the highest
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MDA content in gastric tissue, Shuidouchi could reduce the MDA content in gastric tissue, and GVFS
decreased the MDA content the most as compared to Shuidouchi fermented in other vessels.

Table 7. Gastric tissues SOD, NO and MDA activities of HCl/ethanol induce gastric mucosal injury
mice treated with Shuidouchi fermented in different vessels.

Group SOD (kU/L) NO (µmol/L) MDA (µmol/L)

Normal 379.4 ˘ 41.2 a 14.5 ˘ 0.3 a 20.5 ˘ 1.7 f

Control 107.9 ˘ 23.5 g 3.1 ˘ 0.2 f 84.1 ˘ 4.3 a

CVFS (500 mg/kg) 210.6 ˘ 34.3 f 7.5 ˘ 0.4 e 48.7 ˘ 4.6 b

PVFS (500 mg/kg) 237.6 ˘ 33.1 e 7.9 ˘ 0.5 e 47.9 ˘ 4.4 b

MVFS (500 mg/kg) 271.3 ˘ 31.0 d 9.3 ˘ 0.4 d 35.1 ˘ 2.9 c

GVFS (500 mg/kg) 303.5 ˘ 27.6 c 11.2 ˘ 0.5 c 30.1 ˘ 2.5 d

Ranitidine (50 mg/kg) 341.2 ˘ 25.6 b 12.7 ˘ 0.3 b 26.4 ˘ 2.3 e

a–g Mean values with different letters in the same column are significantly different (p < 0.05) according to
Duncan’s multiple-range test. CVFS, ceramic vessel fermented Shuidouchi; PVFS, plastic vessel fermented
Shuidouchi; MVFS, metal vessel fermented Shuidouchi; GVFS, glass vessel fermented Shuidouchi.

NO in the body is generated by NOS catalysis, which has cytotoxic effects and is involved
in mediating immune reactions [30]. In recent years, studies have shown that many pathological
stomach disease processes are associated with abnormal changes of NO levels [30,31]. As the only
synthetase of NO, the distribution and function of NOS in the stomach is a hotspot of current research.
NO could protect the gastric mucosa, which is one of its main functions in the stomach. It was widely
accepted that NO mediates gastric mucosa to produce prostaglandins and increase the blood flow
of gastric mucosa to protect it [32]. It was generally agreed that the effect of NO on gastric motility
is an inhibitory process, and NO has a diastolic function and could delay gastric emptying ability.
It has been found that a large number of NOS exist in gastric smooth cells and between the gastric
muscle nerve plexus, which shows that NO plays an important role in regulating gastric motility [33].
When gastritis happens, the content of NO in stomach tissues would drop significantly, while this
study also showed the same result [34].

Oxygen free radicals are a kind of oxygenic gene with high chemical activity and produced
by oxygen metabolism. As inflammatory mediators, free radicals were closely related with gastritis
and also a very important initiation factor and independent pathogenic factor of gastric mucosal
injury [35]. Under normal circumstances, SOD is a protection factor of gastric mucosal cells, which
could remove oxygen free radicals and resist lipid peroxidation of the gastric mucosa epithelium in
order to keep oxygen free radicals at a low level and avoid gastric mucosal epithelial cell damage.
However, under pathological conditions, the body produces a large number of oxygen free radicals
by enzyme and/or non-enzyme systems [36]. These free radicals could attack polyunsaturated fatty
acids in the phospholipids of biological membranes and can cause lipid peroxidation, which might
lead to biological membrane damage, protein denaturation, DNA damage, gene aberration and cell
necrosis [37]. MDA is the final product of lipid peroxides, so the level of MDA can reflect the level
of oxygen free radicals. Under normal circumstances, the free radical removing system in the human
body could effectively decompose the free radicals to avoid too much MDA and cause no harm to
the body, but if the stomach is injured, there are too many free radicals, or the defense system for
removing free radicals fails, this could cause free radical damage to the body and too much MDA [38].

2.8. mRNA Expression of NF-κB, IκB-α, EGF and EGFR in Gastric Tissues of Mice

By the RT-PCR assay, the results showed that Shuidouchi could decrease the NF-κB mRNA
expressions while increase the IκB-α and EGF. EGFR expressions of gastric tissues as compared to
the control mice (Figure 2). In the gastric tissues of GVFS-treated mice, the NF-κB, IκB-α, EGF
and EGFR were at 0.57, 3.95, 9.46 and 2.37 fold the levels of control mice, close to those of drug
(ranitidine)-treated mice and normal mice.
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the bars are significantly different (p < 0.05) according to Duncan’s multiple range test. 
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release is very complicated [42]. It was reported that androgen can increase EGF synthesis in mice 

submandibular glands, while VIP could promote the salivary glands to secret EGF. As a receptor, the 

regulation of EGFR was more complex, but the expression of EGF and EGFR are positively correlated 

when the stomach is injured [43]. 

2.9. mRNA Expression of nNOS, eNOS, iNOS and COX-2 in Gastric Tissues of Mice  

GVFS had higher nNOS (2.36-fold the control group), eNOS (2.05-fold the control group) mRNA 

expressions and lower iNOS (0.24-fold the control group), COX-2 (0.16-fold the control group) 

expressions than Shuidouchi fermented in other vessels in gastric tissues of mice (Figure 3). The nNOS, 

eNOS expressions of GVFS-treated mice were also significantly (p < 0.05) higher than control mice, 

while the iNOS, COX-2 expressions were lower than in control mice. 

Figure 2. Effect of Shuidouchi fermented in different vessels on the NF-κB, IκB-α, EGF and EGFR
mRNA expression in HCl/ethanol induced gastric mucosal injury mice. (a) bands of mRNA
gene expression; (b) quantitative and ratio analysis. Fold-ratio: gene expression/GAPDH ˆ control
numerical value (control fold ratio: 1). a–g Mean values with different letters over the bars are
significantly different (p < 0.05) according to Duncan’s multiple range test. CVFS, 500 mg/kg ceramic
vessel fermented Shuidouchi; PVFS, 500 mg/kg plastic vessel fermented Shuidouchi;
MVFS, 500 mg/kg metal vessel fermented Shuidouchi; GVFS, 500 mg/kg glass vessel fermented
Shuidouchi; Ranitidine, 50 mg/kg ranitidine.

EGFR is proliferation and signal transduction receptor of EGF cells [39]. Studies have proven
that many solid tumors show high or abnormal expression of EGFR, while appropriate EGFR and
EGF is helpful to alleviate stomach injury [40,41]. Besides, EGF could inhibit gastric acid secretion,
increase the secretion of gastric juice, increase mucous membrane blood flow, and protect the
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mucous membrane. All these functions are mainly mediated by EGFR. The regulation mechanism
of EGF synthesis and release is very complicated [42]. It was reported that androgen can increase
EGF synthesis in mice submandibular glands, while VIP could promote the salivary glands to secret
EGF. As a receptor, the regulation of EGFR was more complex, but the expression of EGF and EGFR
are positively correlated when the stomach is injured [43].

2.9. mRNA Expression of nNOS, eNOS, iNOS and COX-2 in Gastric Tissues of Mice

GVFS had higher nNOS (2.36-fold the control group), eNOS (2.05-fold the control group)
mRNA expressions and lower iNOS (0.24-fold the control group), COX-2 (0.16-fold the control
group) expressions than Shuidouchi fermented in other vessels in gastric tissues of mice (Figure 3).
The nNOS, eNOS expressions of GVFS-treated mice were also significantly (p < 0.05) higher than
control mice, while the iNOS, COX-2 expressions were lower than in control mice.Molecules 2015, 20 11 
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Figure 3. Effect of Shuidouchi fermented in different vessels on the nNOS, eNOS, iNOS and
COX-2 mRNA expression in HCl/ethanol induced gastric mucosal injury mice. (a) bands of mRNA
gene expression; (b) quantitative and ratio analysis. Fold-ratio: gene expression/GAPDH ˆ control
numerical value (control fold ratio: 1). a–e Mean values with different letters over the bars are
significantly different (p < 0.05) according to Duncan’s multiple range test. CVFS, 500 mg/kg
ceramic vessel fermented Shuidouchi; PVFS, 500 mg/kg plastic vessel fermented Shuidouchi;
MVFS, 500 mg/kg metal vessel fermented Shuidouchi; GVFS, 500 mg/kg glass vessel fermented
Shuidouchi; Ranitidine, 50 mg/kg ranitidine.
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Normal endothelial cells have anticoagulant, anti-inflammatory, and angiogenesis inhibiting
functions and also promote vasodilatation by generating NO, prostacyclin and other vasodilator
substances [44]. Endothelial dysfunction could cause stomach inflammation, and lower
bioavailability of NO is an important factor of endothelial dysfunction. NO is synthesized by
NOS catalysis. NOS has three different subtypes, including NOS1 (nNOS), NOS2 (iNOS) and
NOS3 (eNOS).

Under normal physiological conditions, NO in vascular endothelial cells mainly came from
eNOS to regulate normal physiological functions [45], but under some pathological conditions,
eNOS shows dysfunction, generating O2

´ instead of NO, which decreases the bioavailability of NO
and increases the oxidative stress, causing or aggravating endothelial dysfunction [46]. In a rest
state, iNOS doesn’t express, but under pathological conditions, a large amount of iNOS and NO
are produced. NO plays a dual role in inflammation. After activation for 4 to 6 h, iNOS could produce
a lot of NO. In this study, the content of NO fell in the early stages of stomach injury and might
increase continuously. In the early stages of inflammation, iNOS increases sharply and turns into
NO after 4 to 6 h [47]. Excessive NO could intensify any gastric mucosa damage and activate COX-2
by combining with COX-2 at its active site, resulting in aggravated inflammation [48]. eNOS and
nNOS are both Ca2+-dependent NOS, whose expression always shows a positive correlation in
stomach tissues. When the gastric mucosa is damaged, the expression of NOS decreases, so does
the expression of nNOS [49]. iNOS and COX-2 which are also important expressors of inflammation.
Inflammation caused by stomach mucosa damage increases the expression of iNOS and COX-2,
which is observed in both human clinical experiments and animal experiments. Stomach tissues of
control group mice with gastric damage also showed the same expression [50]. Soy isoflavones from
soybeans fermented in glass vessels significantly alleviate the phenomenon, and with the increase of
its concentration, the alleviating effect was enhanced.

2.10. mRNA Expression of Mn-SOD, Gu/Zn-SOD and CAT in Gastric Tissues of Mice

After inducing the gastric mucosal injury (control group), the mRNA expressions of Mn-SOD,
Gu/Zn-SOD and CAT were significantly (p < 0.05) reduced as compared to normal mice (Figure 4).
Shuidouchi could retard these reductions, and GVFS had the best effects. The Mn-SOD (6.60-fold
of control group), Gu/Zn-SOD (3.68-fold of control group) and CAT (2.17-fold of control group)
expressions of gastric tissues in GVFS-treated mice were the highest among the Shuidouchi-treated
mice, and these expressions were close to those of ranitidine-treated mice and normal mice.

SOD has three kinds of isomers in animals, including Cu/Zn-SOD, Mn-SOD and EC-SOD
(SOD3), while Cu/Zn-SOD and Mn-SOD are the two main types of SODs, which are antioxidant
enzymes in the body [51]. Extreme decreases of Cu/Zn-SOD and Mn-SOD in the body imply
the production of large numbers of free radicals, which could lead to inflammation and put the
body in a pathological state. Maintaining Cu/Zn-SOD and Mn-SOD in the body at normal levels
it is an important way of controlling stomach injuries [52]. As one of the key enzymes in the
biological defense system, CAT antioxidant enzymes could remove oxygen free radicals, promote
decomposition of H2O2 to molecular oxygen and water and also remove hydrogen peroxide in body
in order to avoid the damage of H2O2 to cells and reduce tissue injuries.

Ethanol gastric mucosal injury is closely related to a decrease of gastric mucosal blood flow
and lipid peroxidation induced by oxygen free radicals [53]. By strengthening the removal of free
radicals, keeping the activity of active enzymes such as Cu/Zn-SOD, Mn-SOD and CAT in body is an
important way of avoiding ethanol gastric mucosal injury [54].
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Figure 4. Effect of Shuidouchi fermented in different vessels on the Mn-SOD, Gu/Zn-SOD and
CAT mRNA expression in HCl/ethanol induced gastric mucosal injury mice. (a) bands of mRNA
gene expression; (b) quantitative and ratio analysis. Fold-ratio: gene expression/GAPDH ˆ control
numerical value (control fold ratio: 1). a–e Mean values with different letters over the bars are
significantly different (p < 0.05) according to Duncan’s multiple range test. CVFS, 500 mg/kg
ceramic vessel fermented Shuidouchi; VFS, 500 mg/kg plastic vessel fermented Shuidouchi;
MVFS, 500 mg/kg metal vessel fermented Shuidouchi; GVFS, 500 mg/kg glass vessel fermented
Shuidouchi; Ranitidine, 50 mg/kg ranitidine. Before sending to publish, try your best to move the
caption in one page.

3. Experimental Section

3.1. Shuidouchi Fermentation

Five kilograms of dry soybeans were soaked in 12.5 L distilled water for 12 h, and cooked under
120 ˝C for 1 h. then the water was removed and the cooked soybeans were equally divide into five
parts, which were placed in ceramic, plastic, metal and glass vessels covered by gauze in a constant
temperature incubator at 45 ˝C so natural fermentation could occur for 72 h. After fermentation,
soybeans were cooled, dried and crushed to extract the soybean isoflavones.
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3.2. Isoflavone Determination

Two kilograms of freeze-dried fermented soybean powder were Soxhlet extracted with 32 L 70%
aqueous ethanol solution for 6 h, and then the distilled ethanol was added with 5 mol/L HCl
and N-503. The mixture was kept in a water bath at 30 ˝C for hydrolysis and extraction of
soybean isoflavones for 2 h. Stratification in the separating funnel also takes up the N-503 layer.
NaOH (5 mol/L) solution was added for back extraction, then the water layer was added with
hydrochloric acid after stratification to precipitate soy isoflavones. After centrifugation, the sediment
was washed to a neutral state and freeze-dried to extract soybean isoflavones. Taking daidzein and
genistein as standards, the absorbance of different concentrations of daidzein and genistein were
determined at 260 nm, and a standard curve of soybean isoflavone concentration was plotted for the
content of isoflavones in soybeans [4].

3.3. Mice Experiment

Mice for this experiment were divided into seven groups, including normal group, control
group, ceramic vessel fermented Shuidouchi (CVFS) group, plastic vessel fermented Shuidouchi
(PVFS) group, metal vessel fermented Shuidouchi (MVFS) group, glass vessel fermented Shuidouchi
(GVFS) group and ranitidine group, having 10 mice in each group. During the first 14 d, mice
in the normal group and the control group were gavaged with 0.2 mL distilled water once a day,
while mice in the other groups were gavaged 0.2 mL of Shuidouchi extract with the concentration
of 500 mg/kg once. Mice in the drug treatment group were gavaged 0.2 mL ranitidine with a
concentration of 50 mg/kg. From the 14th day, all mice were cut off food, but allowed to drink water
freely. In addition to mice in the normal group, all mice in other group were gavaged a stomach injury
inducer (0.1 mL HCl/ethanol/10 g body weight, 60% in 150 mM HCl) after 24 h and then killed after
1 h [8]. Heart blood was taken for centrifugal separation (4000 r/min, 10 min), where the upper
serum was kept and the stomach was anatomized for further use. The experiments were performed
following a protocol approved by the Animal Ethics Committee of Chongqing Medical University
(Chongqing, China).

3.4. Mice Gastric Mucosal Injury Evaluation

The gastric secretion volume of mice were determined with a 10 mL measuring cylinder, and
the pH of gastric juice of mice were determined using a SevenEasy pH meter (Mettler Toledo,
Schwerzenbach, Switzerland). The isolated stomachs were inflated by injecting 1% formalin solution
(10 mL) for 10 min to fix the tissues, and opened along the greater curvature. The area (mm2) of
hemorrhagic lesions that had developed in the stomach was measured under a Leica MZ7.5 dissecting
microscope (Leica, Bensheim, Germany) with a square grid.

3.5. Mice Serum Levels Measurement

Serum MTL, Gas, SS and VIP levels were determined with radioimmunoassay kits (Beijing Puer
Weiye Biotechnology Co., Ltd., Beijing, China) according to the manufacturer’s protocols.

3.6. Mice Cytokine IL-6, IL-12, TNF-α and IFN-γ Levels Measurement

Serum IL-6, IL-12, TNF-α and IFN-γ levels were measured with a commercial ELISA kit
(ELISA MAX, Biolegend, San Diego, CA, USA) according to the manufacturer’s protocol.

3.7. Gastric Tissues SOD, NO and MDA Activities Measurement

Gastric tissues SOD, NO and MDA activities were determined with appropriate assay
kits (Nanjing Jiancheng Bioengineering Institute, Nanjing, Jiangsu, China) according to the
manufacturer’s protocols.
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3.8. mRNA Expression Determination (RT-PCR Assay)

Stomach tissues in mice were shattered by an ultrasonic pulverizer and RNA was extracted using
RNAzol reagent. RNA extract of stomach tissues was diluted to 1 µg/µL. oligodT18 (1 µL), RNase,
dNTP with MLV enzymes and 10 µL 5 ˆ buffer were added into 2 µL RNA extraction of stomach
tissues to synthesize cDNA under the conditions of 37 ˝C for 120 min, 99 ˝C for 4 min, 4 ˝C for 3 min.
Then the expressions were amplified by the reverse transcription-polymerase chain reaction method,
while house-keeping gene GAPDH was taken as reference. Agarose gel (1%) with ethidium bromide
was used for electrophoresis to check the PCR amplification products [8].

3.9. Statistical Analysis

Experimental data were presented as mean ˘ standard deviation (SD). Differences between the
mean values for individual groups were assessed by one-way analysis of variance (ANOVA) with
Duncan’s multiple range test. p < 0.05 was considered to indicate a statistically significant difference.
SAS version 9.2 (SAS Institute Inc., Cary, NC, USA) was used to conduct the statistical analyses.

4. Conclusions

Through molecular biology methods, this research built stomach injury animal models to study
the effect on inhibition of stomach injuries when Shuidouchi fermented in different vessels was
administered to mice. By analyzing the content of soybean isoflavones, the results showed that
the glass vessel was more advantageous for fermentation, producing more soybean isoflavones.
These isoflavones had functional effects, which could cause molecular changes in mice bodies, as
inflammation and oxidation factors were changed by Shuidouchi. Shuidouchi could inhibit the
inflammation factors and increase the antioxidation factors. By further analyzing animal serum
and tissues, using glass vessel to ferment Shuidouchi could decrease the MTL, Gas serum levels
and increase the SS, VIP serum levels compared with Shuidouchi fermented in other vessels and
no Shuidouchi treatment for control mice. The Shuidouchi fermented in glass vessel could also better
lower cytokine levels (IL-6, IL-12, TNF-α and IFN-γ) in stomach injury of mice, increase the content
of SOD, NO and reduce the content of MDA in mice gastric tissues. By further analyzing mRNA
in related genes in stomach tissues with RT-PCR experimental technology at the molecular level, it
had been found out that Shuidouchi could improve the strength of expression of IκB-α, EGF, EGFR,
nNOS, eNOS, Mn-SOD, Gu/Zn-SOD, CAT in stomach-injured mice tissues and reduce the expression
strength of NF-κB, COX-2, iNOS. The effect of Shuidouchi fermentation in glass vessels was more
intense, which was significantly different from that of Shuidouchi produced in other kinds of vessels.

Acknowledgments: This work was partly supported by National Natural Science Foundation of China
(Grant No. 31201411), Ability Improvement Project of Chongqing Engineering Research Center of Regional Food
(cstc2014pt-gc8001) and Scientific and Technological Research Program of Chongqing Municipal Education
Commission (Grant No. KJ1401415), China.

Author Contributions: H. Suo and X. Zhao designed the study, analyzed the data and wrote the manuscript.
H. Suo, X. Feng and K. Zhu did the animal experiments. C. Wang did the statistical data analysis. J. Kan edited
and revised the manuscript.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Zhao, X.; Song, J.L.; Wang, Q.; Qian, Y.; Li, G.J.; Pang, L. Comparisons of Shuidouchi,
Natto and Chungkukjang in their physicochemical properties, antimutagenic and anticancer effects.
Food Sci. Biotechnol. 2013, 22, 1077–1084. [CrossRef]

2. Zhao, X.; Qian, Y.; Li, G.J. Fermentation period influences on gastric injury preventive effects of Shuidouchi.
J. Chin. Cereals Oils Assoc. 2014, 29, 14–17.

3. Zhao, X.; Qian, Y. Fermentation period influences on physicochemical properties and in vitro MCF-7 human
breast adenocarcinoma cells anticancer effects of Shuidouchi. J. Chin. Cereals Oils Assoc. 2015, 30, 27–32.

19760

http://dx.doi.org/10.1007/s10068-013-0186-6


Molecules 2015, 20, 19748–19763

4. Zhao, X.; Wang, Q. Study on comparisons of different ripening fermentation periods fermented Shuidouchi
in their physicochemical properties. Sci. Technol. Food Ind. 2014, 35, 346–349.

5. Zhao, X.; Bak, S.S.; Rhee, S.H.; Park, L.Y. Fermentation period influences on antimutagenic and in vitro
anticancer effects of Shuidouchi. J. Cancer Prev. 2008, 13, 40–46.

6. Zhao, X.; Li, G.J. Influences of soaked water volume on physicochemical properties of Shuidouchi.
Sci. Technol. Food Ind. 2013, 34, 217–220.

7. Ryu, K.J.; Zhao, X.; Bak, S.S.; Kim, B.K.; Jeon, J.T.; Park, K.Y. In vitro anticancer effect of Chungkukjangs
from folk villages of Sunchang region in HT-29 human colon cancer cells. J. Cancer Prev. 2008, 13, 62–67.

8. Zhao, X.; Wang, Q.; Qian, Y. Ilex kudingcha CJ Tseng (Kudingcha) prevents HCl/ethanol-induced gastric
injury in Sprague-Dawley rats. Mol. Med. Rep. 2013, 7, 1613–1616. [PubMed]

9. Zhao, X.; Song, J.L.; Jung, O.S.; Lim, Y.I.; Park, K.Y. Chemical properties and in vivo gastric protective effects
of bamboo salt. Food Sci. Biotechnol. 2014, 23, 895–902. [CrossRef]

10. Loguercio, C.; Tuccillo, C.; Federico, A.; Fogliano, V.; Del Vecchio Blanco, C.; Romano, M.
Alcoholic beverages and gastric epithelial cell viability: Effect on oxidative stress-induced damage.
J. Physiol. Pharmacol. 2009, 60, 87–92. [PubMed]

11. Messina, M. Soy foods, isoflavones, and the health of postmenopausal women. Am. J. Clin. Nutr. 2014, 100,
423S–430S. [CrossRef] [PubMed]

12. Takagi, A.; Kano, M.; Kaga, C. Possibility of breast cancer prevention: use of soy isoflavones and fermented
soy beverage produced using probiotics. Int. J. Mol. Sci. 2015, 16, 10907–10920. [CrossRef] [PubMed]

13. Zhou, C.; Lin, H.; Ge, X.; Niu, J.; Wang, J.; Wang, Y.; Chen, L.; Huang, Z.; Yu, W.; Tan, X. The effects
of dietary soybean isoflavones on growth, innate immune responses, hepatic antioxidant abilities and
disease resistance of juvenile golden pompano Trachinotus ovatus. Fish Shellfish Immunol. 2015, 43, 158–166.
[CrossRef] [PubMed]

14. Ferguson, J.F.; Ryan, M.F.; Gibney, E.R.; Brennan, L.; Roche, H.M.; Reilly, M.P. Dietary isoflavone intake
is associated with evoked responses to inflammatory cardiometabolic stimuli and improved glucose
homeostasis in healthy volunteers. Nutr. Metab. Cardiovasc. Dis. 2014, 24, 996–1003. [CrossRef] [PubMed]

15. Malardé, L.; Groussard, C.; Lefeuvre-Orfila, L.; Vincent, S.; Efstathiou, T.; Gratas-Delamarche, A.
Fermented soy permeate reduces cytokine level and oxidative stress in streptozotocin-induced diabetic rats.
J. Med. Food 2015, 18, 67–75. [CrossRef] [PubMed]

16. Yoo, S.M.; Kim, J.S.; Shin, D.H. Quality changes of traditional Doenjang fermented in different vessels.
J. Korean Soc. Agric. Chem. Biotechnol. 2001, 44, 230–234.

17. Yin, S.; Wang, X.J.; Ai, J.W.; Liu, J.H.; Tian, D.; Wang, J.H.; Yang, Z.B. Research on post-fermentation and
flavoring technology of Guizhou Natto. China Condiment 2015, 40, 54–56.

18. Huang, Z.W.; Shangguan, X.C.; Cheng, J.H.; Wu, C.S.; Wang, F. Studies on the mixed fermentation
technique of Natto. J. Chin. Inst. Food Sci. Technol. 2005, 5, 70–73.

19. Tienungoon, S.; Ratkowsky, D.A.; McMeekin, T.A.; Ross, T. Growth limits of Listeria monocytogenes as a
function of temperature, pH, NaCl, and lactic acid. Appl. Environ. Microbiol. 2000, 66, 4979–4987. [CrossRef]
[PubMed]

20. Song, J.L.; Zhou, Y.L.; Feng, X.; Zhao, X. White tea (Camellia sinenesis (L.)) ethanol extracts attenuate
reserpine-induced gastric ulcers in mice. Food Sci. Biotechnol. 2015, 24, 1159–1165. [CrossRef]

21. Yi, R.K.; Wang, R.; Sun, P.; Zhao, X. Antioxidant-mediated preventative effect of Dragon-pearl tea crude
polyphenol extract on reserpine-induced gastric ulcers. Exp. Ther. Med. 2015, 10, 338–344. [CrossRef]
[PubMed]

22. Depoortere, I.; Thijs, T.; Janssen, S.; de Smet, B.; Tack, J. Colitis affects the smooth muscle and neural
response to motilin in the rabbit antrum. Br. J. Pharmacol. 2010, 159, 384–393. [CrossRef] [PubMed]

23. Wakim, S.A.; Ahmed, M.A.; Ali, R.H. Gastric acid secretion in experimental acute uremia. Can. J.
Physiol. Pharmacol. 2013, 91, 693–699. [CrossRef] [PubMed]

24. Peng, L.; Liu, M.; Chang, X.; Yang, Z.; Yi, S.; Yan, J.; Peng, Y. Role of the nucleus tractus solitarii in the
protection of pre-moxibustion on gastric mucosal lesions. Neural Regen. Res. 2014, 9, 198–204. [PubMed]

25. Chen, S.; Zhu, K.; Wang, R.; Zhao, X. Preventive effect of polysaccharides from the large yellow croaker
swim bladder on HCl/ethanol induced gastric injury in mice. Exp. Ther. Med. 2014, 8, 316–322. [CrossRef]
[PubMed]

19761

http://www.ncbi.nlm.nih.gov/pubmed/23546392
http://dx.doi.org/10.1007/s10068-014-0120-6
http://www.ncbi.nlm.nih.gov/pubmed/20388950
http://dx.doi.org/10.3945/ajcn.113.071464
http://www.ncbi.nlm.nih.gov/pubmed/24898224
http://dx.doi.org/10.3390/ijms160510907
http://www.ncbi.nlm.nih.gov/pubmed/25984609
http://dx.doi.org/10.1016/j.fsi.2014.12.014
http://www.ncbi.nlm.nih.gov/pubmed/25541076
http://dx.doi.org/10.1016/j.numecd.2014.03.010
http://www.ncbi.nlm.nih.gov/pubmed/24875672
http://dx.doi.org/10.1089/jmf.2013.0132
http://www.ncbi.nlm.nih.gov/pubmed/25314273
http://dx.doi.org/10.1128/AEM.66.11.4979-4987.2000
http://www.ncbi.nlm.nih.gov/pubmed/11055952
http://dx.doi.org/10.1007/s10068-015-0148-2
http://dx.doi.org/10.3892/etm.2015.2473
http://www.ncbi.nlm.nih.gov/pubmed/26170959
http://dx.doi.org/10.1111/j.1476-5381.2009.00537.x
http://www.ncbi.nlm.nih.gov/pubmed/20002099
http://dx.doi.org/10.1139/cjpp-2013-0052
http://www.ncbi.nlm.nih.gov/pubmed/23984953
http://www.ncbi.nlm.nih.gov/pubmed/25206801
http://dx.doi.org/10.3892/etm.2014.1712
http://www.ncbi.nlm.nih.gov/pubmed/24944640


Molecules 2015, 20, 19748–19763

26. Liang, J.; Li, Y.; Liu, X.; Xu, X.; Zhao, Y. Relationship between cytokine levels and clinical classification of
gastric cancer. Asian Pac. J. Cancer Prev. 2011, 12, 1803–1806. [PubMed]

27. Wang, F.Y.; Liu, J.M.; Luo, H.H.; Liu, A.H.; Jiang, Y. Potential protective effects of Clostridium butyricum
on experimental gastric ulcers in mice. World J. Gastroenterol. 2015, 21, 8340–8351. [CrossRef] [PubMed]

28. Sun, L.; Wu, Q.; Han, B.; Li, G.; Sun, Z.; Zhang, J.; An, L. Mechanisms of immune injury and heterogeneity
of bone marrow hematopoietic cells island in patients with auto-immuno-related hematocytopenia.
J. Immunoassay Immunochem. 2014, 35, 378–387. [CrossRef] [PubMed]

29. Lindgren, Å.; Yun, C.H.; Sjöling, Å.; Berggren, C.; Sun, J.B.; Jonsson, E.; Holmgren, J.; Svennerholm, A.M.;
Lundin, S.B. Impaired IFN-γ production after stimulation with bacterial components by natural killer cells
from gastric cancer patients. Exp. Cell Res. 2011, 317, 849–858.

30. Silva, R.O.; Lucetti, L.T.; Wong, D.V.; Aragão, K.S.; Junior, E.M.; Soares, P.M.; Barbosa, A.L.; Ribeiro, R.A.;
Souza, M.H.; Medeiros, J.V. Alendronate induces gastric damage by reducing nitric oxide synthase
expression and NO/cGMP/K(ATP) signaling pathway. Nitric Oxide 2014, 40, 22–30. [CrossRef] [PubMed]

31. Liu, Y.; Gou, L.; Fu, X.; Li, S.; Lan, N.; Yin, X. Protective effect of rutin against acute gastric mucosal lesions
induced by ischemia-reperfusion. Pharm. Biol. 2013, 51, 914–919. [CrossRef] [PubMed]

32. Yandrapu, H.; Sarosiek, J. Protective factors of the gastric and duodenal mucosa: an overview.
Curr. Gastroenterol. Rep. 2015, 17, 24. [CrossRef] [PubMed]

33. Rocha, B.S.; Gago, B.; Barbosa, R.M.; Cavaleiro, C.; Laranjinha, J. Ethyl nitrite is produced in the human
stomach from dietary nitrate and ethanol, releasing nitric oxide at physiological pH: Potential impact on
gastric motility. Free Radic. Biol. Med. 2015, 82, 160–166. [CrossRef] [PubMed]

34. Rouhollahi, E.; Moghadamtousi, S.Z.; Hamdi, O.A.; Fadaeinasab, M.; Hajrezaie, M.; Awang, K.; Looi, C.Y.;
Abdulla, M.A.; Mohamed, Z. Evaluation of acute toxicity and gastroprotective activity of curcuma
purpurascens BI. rhizome against ethanol-induced gastric mucosal injury in rats. BMC Complement.
Altern. Med. 2014, 14, 378. [CrossRef] [PubMed]

35. Kwiecien, S.; Jasnos, K.; Magierowski, M.; Sliwowski, Z.; Pajdo, R.; Brzozowski, B.; Mach, T.; Wojcik, D.;
Brzozowski, T. Lipid peroxidation, reactive oxygen species and antioxidative factors in the pathogenesis
of gastric mucosal lesions and mechanism of protection against oxidative stress-induced gastric injury.
J. Physiol. Pharmacol. 2014, 65, 613–622.

36. Martínez Aranzales, J.R.; Cândido de Andrade, B.S.; Silveira Alves, G.E. Orally administered
phenylbutazone causes oxidative stress in the equine gastric mucosa. J. Vet. Pharmacol. Ther. 2015, 38,
257–264. [CrossRef] [PubMed]

37. Strickertsson, J.A.; Desler, C.; Martin-Bertelsen, T.; Machado, A.M.; Wadstrøm, T.; Winther, O.;
Rasmussen, L.J.; Friis-Hansen, L. Enterococcus faecalis infection causes inflammation, intracellular
oxphos-independent ROS production, and DNA damage in human gastric cancer cells. PLoS ONE
2013, 8, e63147. [CrossRef] [PubMed]

38. Zhao, Z.; Gong, S.; Wang, S.; Ma, C. Effect and mechanism of evodiamine against ethanol-induced gastric
ulcer in mice by suppressing Rho/NF-κB pathway. Int. Immunopharmacol. 2015, 28, 588–595. [CrossRef]
[PubMed]

39. Moschini, I.; Dell’Anna, C.; Losardo, P.L.; Bordi, P.; D’Abbiero, N.; Tiseo, M. Radiotherapy of non-small-cell
lung cancer in the era of EGFR gene mutations and EGF receptor tyrosine kinase inhibitors. Future Oncol.
2015, 11, 2329–2342. [CrossRef] [PubMed]

40. Khan, A.J.; Fligiel, S.E.; Liu, L.; Jaszewski, R.; Chandok, A.; Majumdar, A.P. Induction of EGFR tyrosine
kinase in the gastric mucosa of diabetic rats. Proc. Soc. Exp. Biol. Med. 1999, 221, 105–110. [CrossRef]
[PubMed]

41. Liu, M.; Chang, X.R.; Yan, J.; Yi, S.X.; Lin, Y.P.; Yue, Z.H.; Peng, Y.; Zhang, H. Effects of moxibustion on
gastric mucosal EGF and TGF-alpha contents and epidermal growth factor receptor expression in rats with
gastric mucosal lesion. Zhen Ci Yan Jiu 2011, 6, 403–408.

42. Xu, J.J.; Huang, P.; Wu, Q.H.; Cao, H.Y.; Wen, S.; Liu, J. Study on efficacy and mechanism of weiyangning
pills against experimental gastric ulcer. Zhongguo Zhong Yao Za Zhi 2013, 38, 736–739. [PubMed]

43. De Heuvel, E.; Wallace, L.; Sharkey, K.A.; Sigalet, D.L. Glucagon-like peptide 2 induces vasoactive intestinal
polypeptide expression in enteric neurons via phophatidylinositol 3-kinase-γ signaling. Am. J. Physiol.
Endocrinol. Metab. 2012, 303, E994–E1005. [CrossRef] [PubMed]

19762

http://www.ncbi.nlm.nih.gov/pubmed/22126569
http://dx.doi.org/10.3748/wjg.v21.i27.8340
http://www.ncbi.nlm.nih.gov/pubmed/26217085
http://dx.doi.org/10.1080/15321819.2014.899251
http://www.ncbi.nlm.nih.gov/pubmed/24666376
http://dx.doi.org/10.1016/j.niox.2014.05.002
http://www.ncbi.nlm.nih.gov/pubmed/24831353
http://dx.doi.org/10.3109/13880209.2013.771375
http://www.ncbi.nlm.nih.gov/pubmed/23627470
http://dx.doi.org/10.1007/s11894-015-0452-2
http://www.ncbi.nlm.nih.gov/pubmed/26109006
http://dx.doi.org/10.1016/j.freeradbiomed.2015.01.021
http://www.ncbi.nlm.nih.gov/pubmed/25645954
http://dx.doi.org/10.1186/1472-6882-14-378
http://www.ncbi.nlm.nih.gov/pubmed/25283308
http://dx.doi.org/10.1111/jvp.12168
http://www.ncbi.nlm.nih.gov/pubmed/25287371
http://dx.doi.org/10.1371/journal.pone.0063147
http://www.ncbi.nlm.nih.gov/pubmed/23646188
http://dx.doi.org/10.1016/j.intimp.2015.07.030
http://www.ncbi.nlm.nih.gov/pubmed/26225926
http://dx.doi.org/10.2217/fon.15.156
http://www.ncbi.nlm.nih.gov/pubmed/26260811
http://dx.doi.org/10.3181/00379727-221-44391
http://www.ncbi.nlm.nih.gov/pubmed/10352120
http://www.ncbi.nlm.nih.gov/pubmed/23724686
http://dx.doi.org/10.1152/ajpendo.00291.2012
http://www.ncbi.nlm.nih.gov/pubmed/22895780


Molecules 2015, 20, 19748–19763

44. Zhao, J.; Suyama, A.; Tanaka, M.; Matsui, T. Ferulic acid enhances the vasorelaxant effect of epigallocatechin
gallate in tumor necrosis factor-alpha-induced inflammatory rat aorta. J. Nutr. Biochem. 2014, 25, 807–814.
[CrossRef] [PubMed]

45. Bogdan, C. Nitric oxide synthase in innate and adaptive immunity: An update. Trend. Immunol. 2015, 36,
161–178. [CrossRef] [PubMed]

46. Banerjee, M.; Vats, P. Reactive metabolites and antioxidant gene polymorphisms in Type 2 diabetes mellitus.
Redox. Biol. 2013, 2C, 170–177. [CrossRef]

47. Rashed, E.; Lizano, P.; Dai, H.; Thomas, A.; Suzuki, C.K.; Depre, C.; Qiu, H. Heat shock protein 22 (Hsp22)
regulates oxidative phosphorylation upon its mitochondrial translocation with the inducible nitric oxide
synthase in mammalian heart. PLoS ONE 2015, 10, e0119537. [CrossRef] [PubMed]

48. Lee, Y.Y.; Yang, Y.P.; Huang, P.I.; Li, W.C.; Huang, M.C.; Kao, C.L.; Chen, Y.J.; Chen, M.T. Exercise suppresses
COX-2 pro-inflammatory pathway in vestibular migraine. Brain Res. Bull. 2015, 116, 98–105. [CrossRef]
[PubMed]

49. Darra, E.; Rungatscher, A.; Carcereri de Prati, A.; Podesser, B.K.; Faggian, G.; Scarabelli, T.;
Mazzucco, A.; Hallström, S.; Suzuki, H. Dual modulation of nitric oxide production in the heart during
ischaemia/reperfusion injury and inflammation. Thromb. Haemost. 2010, 104, 200–206. [CrossRef]
[PubMed]

50. Zheng, C.; Lei, C.; Chen, Z.; Zheng, S.; Yang, H.; Qiu, Y.; Lei, B. Topical administration of diminazene
aceturate decreases inflammation in endotoxin-induced uveitis. Mol. Vis. 2015, 21, 403–411. [PubMed]

51. Gottfredsen, R.H.; Larsen, U.G.; Enghild, J.J.; Petersen, S.V. Hydrogen peroxide induce modifications of
human extracellular superoxide dismutase that results in enzyme inhibition. Redox. Biol. 2013, 1, 24–31.
[CrossRef] [PubMed]

52. Othman, A.I.; El-Missiry, M.A.; Amer, M.A. The protective action of melatonin on indomethacin-induced
gastric and testicular oxidative stress in rats. Redox. Rep. 2001, 6, 173–177. [PubMed]

53. Ligumsky, M.; Sestieri, M.; Okon, E.; Ginsburg, I. Antioxidants inhibit ethanol-induced gastric injury in
the rat. Role of manganese, glycine, and carotene. Scand. J. Gastroenterol. 1995, 30, 854–860. [CrossRef]
[PubMed]

54. Yoshikawa, T.; Minamiyama, Y.; Ichikawa, H.; Takahashi, S.; Naito, Y.; Kondo, M. Role of lipid peroxidation
and antioxidants in gastric mucosal injury induced by the hypoxanthine-xanthine oxidase system in rats.
Free Radic. Biol. Med. 1997, 23, 243–250. [CrossRef]

Sample Availability: Samples of the crude extract are kept at 20 ˝C and available from the authors.

© 2015 by the authors; licensee MDPI, Basel, Switzerland. This article is an open
access article distributed under the terms and conditions of the Creative Commons by
Attribution (CC-BY) license (http://creativecommons.org/licenses/by/4.0/).

19763

http://dx.doi.org/10.1016/j.jnutbio.2014.03.013
http://www.ncbi.nlm.nih.gov/pubmed/24794014
http://dx.doi.org/10.1016/j.it.2015.01.003
http://www.ncbi.nlm.nih.gov/pubmed/25687683
http://dx.doi.org/10.1016/j.redox.2013.12.001
http://dx.doi.org/10.1371/journal.pone.0119537
http://www.ncbi.nlm.nih.gov/pubmed/25746286
http://dx.doi.org/10.1016/j.brainresbull.2015.06.005
http://www.ncbi.nlm.nih.gov/pubmed/26151770
http://dx.doi.org/10.1160/TH09-08-0554
http://www.ncbi.nlm.nih.gov/pubmed/20508903
http://www.ncbi.nlm.nih.gov/pubmed/25883526
http://dx.doi.org/10.1016/j.redox.2012.12.004
http://www.ncbi.nlm.nih.gov/pubmed/24024135
http://www.ncbi.nlm.nih.gov/pubmed/11523592
http://dx.doi.org/10.3109/00365529509101591
http://www.ncbi.nlm.nih.gov/pubmed/8578183
http://dx.doi.org/10.1016/S0891-5849(96)00625-9

	Introduction 
	Results and Discussion 
	Isoflavone Contents of Shuidouchi 
	Physicochemical Properties of Shuidouchi 
	Stomach Appearances of Mice 
	Gastric Secretion Volume and pH of Gastric Juice of Mice 
	Serum Motilin (MTL), Gastrin (Gas), Somatostatin (SS) and Vasoactive Intestinal Peptide (VIP) Levels in Mice 
	Cytokine IL-6, IL-12, TNF- and IFN- Levels in Mice 
	Gastric Tissue SOD, NO and MDA Activities of Mice 
	mRNA Expression of NF-B, IB-, EGF and EGFR in Gastric Tissues of Mice 
	mRNA Expression of nNOS, eNOS, iNOS and COX-2 in Gastric Tissues of Mice 
	mRNA Expression of Mn-SOD, Gu/Zn-SOD and CAT in Gastric Tissues of Mice 

	Experimental Section 
	Shuidouchi Fermentation 
	Isoflavone Determination 
	Mice Experiment 
	Mice Gastric Mucosal Injury Evaluation 
	Mice Serum Levels Measurement 
	Mice Cytokine IL-6, IL-12, TNF- and IFN- Levels Measurement 
	Gastric Tissues SOD, NO and MDA Activities Measurement 
	mRNA Expression Determination (RT-PCR Assay) 
	Statistical Analysis 

	Conclusions 

