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Protective effect of traditional Korean fermented
soybean foods (doenjang) on a dextran sulfate
sodium-induced colitis mouse model

’ M) Check for updates ‘

Cite this: Food Funct.,, 2022, 13, 8616

Hee-Jong Yang,? Su-Ji Jeong,? Myeong Seon Ryu,® Gwangsu Ha,?
Do-Youn Jeong,? Young Mi Park,” Hak Yong Lee® and Jun Sang Bae () *©

Objective: The cause of ulcerative colitis (UC) is unknown, and the use of anti-inflammatory and immuno-
suppressive drugs with certain side effects is currently replacing treatment. Therefore, it is important to
find new healthy foods or ingredients that exhibit potential protective and anti-inflammatory effects on
UC. This study investigated the potential protective effect of doenjang on dextran sulfate sodium (DSS)-
induced colitis in a mouse model. Materials and methods: Four doenjang samples (TCD21-51-1, TCD21-
55-1, TMD21-16-1, and TFD21-1-1) were used. To examine the effects of the four doenjang samples on
UC caused by DSS in a mouse model, the clinical symptoms of UC, such as body weight, disease activity
index (DAI), and colon macroscopic damage index (CMDI) were analyzed. Moreover, immune-related
blood cell counts, serum levels and protein expression of tumor necrosis factor alpha (TNF-a) and inter-
leukin 6 (IL-6), and nitric oxide (NO) production were measured in DSS-induced UC in mice for analysis.
Results: The four doenjang samples increased the colon length shortened by DSS, reduced DAI (diarrhea
and hemoccult), CMDI (ulceration, inflammation, and hemorrhage) and the content of immune-related
cells in the blood. Moreover, the levels of TNF-a, IL-6, and NO increased by DSS were decreased by
doenjang, and tissue damage was significantly reduced. Conclusions: These findings confirmed that
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1. Introduction

Inflammatory bowel disease (IBD) is characterized by chronic
bowel inflammation. The cause of IBD is not clearly known,
and it is thought that autoimmune, infectious, environmental,
and genetic factors are involved. Inflammatory bowel diseases
are largely divided into ulcerative colitis (UC) and Crohn’s
disease (CD)."” UC affects only the rectum and colon, and the
lesions are more homogeneous and continuous. In contrast,
CD affects all parts of the gastrointestinal tract with character-
istic skipping lesions, with UC being more frequently reported
as a causative factor for colorectal cancer than CD.>*

UC is characterized by diarrhea, fever, weight loss, and
abdominal pain as the main symptoms. In severe cases, stools
with several episodes of bleeding, weight loss, anemia, and de-
hydration may occur. Additionally, when a long period elapses,
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inflammatory ulcers occur and the colon is atrophied, with
shortening of its length and loss of its shape.>® Since the
cause of UC is unknown, it is difficult to treat it with funda-
mental drug therapy. Currently, using anti-inflammatory drugs
and immunosuppressants, which have certain side effects, is
replacing treatment. The main drugs used to maintain and
improve the condition are 5-aminosalicylate (5-ASA) and sulfa-
salazine (SF).°® Moreover, a recent study reported that a
healthy diet plays an important role in alleviating UC symp-
toms.” Therefore, it is important to find new healthy foods or
ingredients that can have potential protective and anti-inflam-
matory effects in UC.

Fermented food contains beneficial enzymes and nutrients
that raw materials do not have, and are widely consumed
because of its taste and easy storage. Particularly, fermented
soybean products and kimchi, which are traditional Korean
fermented foods, are considered the best health foods world-
wide."® Traditional fermented Korean soybean foods are also
known as doenjang. Soybeans contain a variety of biological
functional components that can be classified as isoflavones,
soyasaponins, lignans, cinnamic acid derivatives, terpenes and
sterols."* The main phytochemicals in doenjang are reported to
be free isoflavones, non-2,3-dihydro-2,5-dihydroxy-6-methyl-
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4H-pyran-4-one (DDMP)-conjugated soyasaponins, peptides,
amino acids, and kojic acid.'’ Doenjang has been suggested
to exert various biological effects, such as antioxidant,'? anti-o-
besity,"® anti-tumorigenic,'* anti-hypertensive,"® anti-sarcope-
nic,'® immune modulation,'” and anti-diabetic'® activities.

Recent studies have shown that doenjang has an anti-
inflammatory effect on biological activity.">*' However, there
is still a lack of research showing that doenjang may help
relieve the symptoms of UC through its anti-inflammatory
activities. Therefore, this study investigated the potential pro-
tective and anti-inflammatory effects of doenjang on dextran
sulfate sodium (DSS)-induced colitis in a mouse model.

2. Materials and methods

2.1. Samples

The four traditional Korean fermented soybean (doenjang)
samples (TCD21-51-1, TCD21-55-1, TMD21-16-1, and TFD21-1-
1) used in this study were provided by the Microbial Institute
for Fermentation Industry (Sunchang, Jeonbuk, Korea).
Dextran sulfate sodium (DSS) and sulfasalazine (SF) (>98%
purity) were purchased from Sigma-Aldrich (St Louis, MO,
USA). The four doenjang samples were used for the experiment
after dilution with distilled water and the prepared samples
were refrigerated.

2.2. Animals and experimental design

Specific-pathogen free (SPF) five-week-old male 70 C57BL/
6 mice (Orient Bio, Inc., Seongnam, Gyeonggi, Korea) were
acclimatized for seven days. During the acclimatization period,
general solid feed (Purina Lab Rodent Chow #38057, Purina
Co., Seoul, Korea) was used as the experimental feed, and fil-
tered drinking water was changed daily so that it could be
freely consumed. During the experimental period, the mice
were kept under a 12 h light/dark cycle with controlled temp-
erature (22 + 3 °C), humidity (50 £ 5%), and illumination
(150-300 Ix). After the adaptation period, the body weights
were measured, and the mean values between groups were
used to equally divide the mice into seven groups (10 animals
per group) according to a randomized block design: normal
control group (normal), 3% DSS group (control), 3% DSS +
TCD21-51-1 group (TCD21-51-1), 3% DSS + TCD21-55-1 group
(TCD21-55-1), 3% DSS + TMD21-16-1 group (TMD21-16-1), 3%
DSS + TFD21-1-1 group (TFD21-1-1), and 3% DSS + sulfasala-
zine (SF) group (SF, positive control). The four doenjang
samples and SF were prepared at concentrations of 200 and
60 mg kg™', respectively, and administered orally for 13 days.
From the 8th day of oral administration, colitis was induced
for 6 days in the control, TCD21-51-1, TCD21-55-1, TMD21-16-
1, TFD21-1-1, and SF groups through free access to drinking
water with a DSS concentration of 3%. The body weight, food
intake, and drinking water intake were measured once a week
before DSS administration and once a day after DSS adminis-
tration at a certain time. After completion of the examination,
an autopsy was performed under inhalation anesthesia (iso-
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flurane, USP), and the colon tissue was removed and washed
after blood collection. The extracted colons were used for
tissue analysis after measuring their length and analyzing the
clinical lesions. All animal experiments were approved by the
Institutional Animal Care and Use Committee of INVIVO Co.,
Ltd (IV-RB-13-2109-25-R).

2.3. Disease activity index (DAI) and colon macroscopic
damage index (CMDI)

To assess the colitis severity, the disease activity index (DAI)
was evaluated by checking stool consistency and bloody stools
daily. The DAI was scored as 0 (normal stool), 1 (only loose
stool), 2 (loose stool and hemoccult positive), 3 (diarrhea and
hemoccult positive), and 4 (diarrhea and bleeding around the
rectum). The colon macroscopic damage index (CMDI) was
evaluated as previously described.”” Briefly, open colonic
samples were thoroughly washed with cold normal saline, and
blind assessment was performed via the CMDI, which
included the severity of inflammation and the presence of
ulcers. The CMDI was scored as 0 (normal), 1 (focal hypermia
and no ulcers), 2 (ulceration without hypermia or bowel wall
thickening), 3 (ulceration with inflammation at one site), 4
(two or more sites of inflammation and ulceration), 5 (major
site of damage extending 1 cm along the length of the colon),
and 6 (when the area of damage extended 2 cm along the
length of the colon, the score increased by 1 for each
additional cm of damage).

2.4. Complete blood cell (CBC) count

For complete blood count analysis, the collected blood was
placed in an EDTA tube (DB Caribe, Ltd, USA) and rotated in a
roll mixer for 30 min, and the number of total white blood
cells (WBCs), granulocytes, lymphocytes, and mid-range absol-
ute counts (Mid) were measured using a Hemavet 950 counter
(Drew Scientific Group, Dallas, TX, USA).

2.5. Enzyme-linked immunosorbent assay (ELISA)

For cytokine analysis, after the blood was coagulated at room
temperature for 30 min, the serum was separated by centrifu-
gation at 3000 rpm for 10 min. The separated serum was ana-
lyzed for tumor necrosis factor-a (TNF-a; Thermo Fisher
Scientific, Waltham, MA, USA) and interleukin-6 (IL-6; R&D
Systems, Minneapolis, MN, USA) using an ELISA kit. To deter-
mine the content of nitric oxide (NO) in the colonic tissue, the
extracted tissues were quantified equally at 10 mg followed by
homogenization using a homogenizer. The homogenized
tissues were analyzed for NO (Abcam, Cambridge, MA, USA)
using an ELISA kit.

2.6. Western blotting analysis

Briefly, the colon tissues were homogenized and extracted
using PRO-PREP Protein Extraction Solution (iNtRON
Biotechnology, Seongnam, Korea). Lysates were separated by
centrifugation at 14 000 rpm, at 4 °C for 10 min. The super-
natant was quantified with the same amount of lysates using
Bradford reagent (Bio-Rad, Hercules, CA, USA). Proteins were
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separated by SDS-PAGE and transferred to polyvinylidene
difluoride (PVDF) membranes. The membranes were probed
with primary antibodies for TNF-a (Abcam), IL-6 (Abcam), and
B-actin (Sigma-Aldrich). The membranes were washed with
Tris-buffered saline and 0.1% Tween 20 (TBS-T), followed by
treatment with secondary antibodies containing horseradish
peroxidase (HRP) for 1 h. Membranes were washed with TBS-T,
treated with an enhanced chemiluminescence (ECL) solution
(EZ-Western Lumi Pico, DoGen, Korea), and detected using a
C-Digit western scanner (LI-COR, Lincoln, NE, USA).

2.7. Histological analysis

The extracted colon tissue was refixed by trimming the sample
fixed in 10% formalin solution, embedded in paraffin, and
sliced into 4 pm sections. For hematoxylin-eosin staining,
paraffin was removed from xylene and dehydrated, followed by
staining with hematoxylin for 4 min and eosin for 2 min. The
sectioned tissues were observed and photographed using an
optical microscope (BX50 F4; Olympus, Fukuoka, Japan).

2.8. Statistical analysis

All experimental results were calculated as mean + standard
error (mean + SE) using a statistical program (SPSS ver.12.0, SPSS
Inc., Chicago, IL, USA). One-way analysis of variance (ANOVA)
and Duncan’s test were performed for statistical analysis accord-
ing to the statistical significance test for each experimental
group. P-Values < 0.05 were considered statistically significant.

3. Results

3.1. Effects of doenjang on DSS-induced ulcerative colitis
symptoms

As the fermentation degree, soaking ratio, and maturation
period of Meju (fermented soybean) vary depending on the
manufacturer, there are differences in the quality and biologi-
cal activity of doenjang products.>® Therefore, we used four
doenjang samples (TCD21-51-1, TCD21-55-1, TMD21-16-1, and
TFD21-1-1) in this study. To examine the effects of the four
doenjang samples on ulcerative colitis (UC) caused by dextran
sulfate sodium (DSS) in a mouse model, biomarkers such as
body weight and disease activity index (DAI) were analyzed. In
previous studies, DSS-induced UC models exhibited weight
loss and colonic contraction in the early stages of colitis.”***
Therefore, in this study, UC symptoms were assessed based on
factors, such as body weight, DAI, and colon-related clinical
characteristics. By measuring the dietary and drinking water
intake of the four doenjang groups in a DSS-induced colitis
mouse model, it was confirmed that the dietary and drinking
water intake was reduced by DSS compared to the normal
group (Fig. 1A and B). After DSS administration, the control
group, the four doenjang groups, and the sulfasalazine (SF)
group showed significantly lower body weights than the
normal group, whereas the body weights of the four doenjang
groups did not show a significant difference compared with
the control group (Fig. 1C). On supplying 3% DSS, the symp-
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toms of diarrhea and bloody stools were observed for 6 days,
after which the DAI was measured. The analysis showed that
the symptoms began to appear on the 2nd day of DSS
treatment, and on the 6th day, the control group score was
significantly higher than that of the normal group. Compared
to the normal group, the DAI score was significantly higher in
all experimental groups. Among the experimental groups, it
was confirmed that the DAI score decreased in the order of
the TMD21-16-1 group (2.61 + 0.13) < TCD21-51-1 group
(2.61 + 0.16) < TFD21-1-1 group (2.81 + 0.16) < sulfasalazine
group (2.97 + 0.09) < control group (3.00 = 0.07) < TCD21-55-
1 group (3.08 + 0.12) (Fig. 1D). However, these results showed
no difference among the four doenjang groups.

3.2. Effects of doenjang on DSS-induced colon damage

In this study, we investigated the effect of doenjang on the
colon length and colon macroscopic damage index (CMDI) in
a DSS-induced UC model. The colon length was significantly
decreased in the control group compared to that in the normal
group, and each experimental group showed a significant
increase compared to the control group (Fig. 2A). Among the
experimental groups, it was confirmed that the colon length
increased in the order of the sulfasalazine (SF) group (49.83 =
0.65 mm) > TFD21-1-1 group (48.67 + 1.31 mm) > TMD21-16-
1 group (48.17 + 1.08 mm) > TCD21-51-1 group (47.67 +
0.71 mm) > TCD21-55-1 group (45.83 + 1.35 mm) > control
group (42.17 + 0.60 mm) (Fig. 2B). On the 6th day of colitis
induction, the colon was removed, and the damage (ulcera-
tion, inflammation, and bleeding) was visually observed and
evaluated. By measuring the inflammatory index of the colon,
it was found that the colitis-induced control group showed sig-
nificantly higher levels than the normal group, but both the
doenjang and sulfasalazine groups showed lower levels than
the control group. The occult blood index in the colon was sig-
nificantly higher in the control group than in the normal
group, and intracolonal bleeding was observed. However, the
doenjang group had significantly lower scores than the control
group. The CMDI score, which combines these indices, was
significantly higher in the control group than in the normal
group. The CMDI score increased in the order of the TCD21-
51-1 group (3.50 + 0.22) < TFD21-1-1 group (3.67 + 0.21) < sulfa-
salazine group (3.67 + 0.21) < TCD21-55-1 group (4.33 + 0.49) <
TMD21-16-1 group (4.50 + 0.22) < control group (4.83 + 0.31).
In particular, the levels in the TCD21-51-1, TFD21-1-1, and sul-
fasalazine groups were significantly lower than those in the
control group (Fig. 2C). These results suggest that doenjang
can alleviate the symptoms of UC caused by DSS.

To investigate the effect of doenjang on the pathological
changes in colonic tissue caused by colitis, we performed H&E
staining. In the control group, ulceration was observed,
mucosal goblet cells and crypts were lost, and the epithelial
barrier was disrupted. Inflammatory cells over-infiltrated the
submucosal tissue, and submucosal edema was severe. In con-
trast, the TCD21-51-1 experimental group showed relief of
glandular ulcers and submucosal edema observed in the
control group and showed favorable levels of epithelial tissue

This journal is © The Royal Society of Chemistry 2022
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Fig. 1 Effects of doenjang on DSS-induced UC symptoms in mice. The 70 C57BL/6 mice were divided into seven groups of 10 animals each. The
four doenjang samples and sulfasalazine (SF) were prepared at concentrations of 200 and 60 mg kg™, respectively, and administered orally for 13
days. From the 8th day of oral administration, colitis was induced for 6 days: normal control group (normal), 3% DSS group (control), 3% DSS +
TCD21-51-1 group (TCD21-51-1), 3% DSS + TCD21-55-1 group (TCD21-55-1), 3% DSS + TMD21-16-1 group (TMD21-16-1), 3% DSS + TFD21-1-
1 group (TFD21-1-1), and 3% DSS + sulfasalazine group (SF, positive control). (A) Food intake, (B) water intake, (C) body weight, and (D) disease
activity index (DAI). The DAI was evaluated by checking the stool consistency and bloody stools daily. Results are expressed as the mean + SE (n = 10
per group). Bars labeled with different superscripts are significantly different (P < 0.05, vs. control).

collapse, implying that tissue damage was the most alleviated
among the four doenjang groups. For TCD21-55-1, TMD21-16-
1, and TFD21-1-1 groups, submucosal edema was found only
at a localized site, so tissue lesions were significantly reduced
compared to that in the control. Only minor inflammatory cell
infiltration and ulceration were observed, indicating a rela-
tively good tissue condition. The sulfasalazine group showed
only local infiltration of inflammatory cells (Fig. 3). Taken
together, these results showed that doenjang could effectively
prevent damage to colonic tissue.

3.3. Effects of doenjang on inflammatory factors in DSS-
induced UC

In UC, ulcers are formed owing to the infiltration of inflamma-
tory cells and an increase in pro-inflammatory cytokines.

This journal is © The Royal Society of Chemistry 2022

Therefore, to confirm the improvement effect of doenjang on
UC, blood was collected on the 6th day after UC induction,
and the number of total white blood cells (WBCs), granulo-
cytes, lymphocytes, and mid-range absolute counts (Mid) was
measured. The number of total WBCs, granulocytes, lympho-
cytes, and Mid in the blood was significantly higher in the
control groups than in the normal group. The four doenjang
groups showed significantly decreased total WBCs, lympho-
cytes, and Mid counts compared to the control groups
(Fig. 4A-C). However, the four doenjang groups showed no
difference in granulocyte counts compared to the control
group (Fig. 4D). Next, to determine the anti-inflammatory
effect of doenjang, the serum levels of TNF-a and IL-6 were
measured. The serum TNF-a and IL-6 levels were significantly
higher in the control group than in the normal group.

Food Funct., 2022,13, 8616-8626 | 8619
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Fig. 2 Effects of doenjang on DSS-induced colon damage in mice. The 70 C57BL/6 mice were divided into seven groups of 10 animals each. The
four doenjang samples and sulfasalazine (SF) were prepared at concentrations of 200 and 60 mg kg™, respectively, and administered orally for 13
days. From the 8th day of oral administration, colitis was induced for 6 days: normal control group (normal), 3% DSS group (control), 3% DSS +
TCD21-51-1 group (TCD21-51-1), 3% DSS + TCD21-55-1 group (TCD21-55-1), 3% DSS + TMD21-16-1 group (TMD21-16-1), 3% DSS + TFD21-1-
1 group (TFD21-1-1), and 3% DSS + sulfasalazine group (SF, positive control). (A) Macroscopic appearance, (B) colon length, and (C) colon macro-
scopic damage index (CMDI). The CMDI was measured using an index that included the severity of inflammation, hemorrhage, and the presence of
ulcers. Values are presented as mean + SE (n = 10 per group). Bars labeled with different superscript numerals indicate P < 0.05.

However, the three doenjang groups, except for the TMD21-16-
1 group, showed a significant decrease in TNF-a levels com-
pared with the control group (Fig. 5A). In addition, the four
doenjang groups showed a significant decrease in IL-6 levels
compared to the control group (Fig. 5B). Finally, increased
nitric oxide (NO) content is associated with the severity of
colitis in patients with UC and in DSS-induced UC animal
models.”® By measuring NO in the colon tissue of DSS-induced
UC, it was found that the NO level of the control group
increased compared to the normal group, and the adminis-
tered four doenjang groups significantly decreased (Fig. 5C).
Altogether, these findings indicate that doenjang treatment
inhibited inflammatory factors, such as immune cells, pro-
inflammatory cytokines, and NO in the DSS-induced UC
mouse model.

3.4. Expression of TNF-a and IL-6 protein with doenjang use
in DSS-induced UC tissues

Intestinal immune cells and epithelial cells produce many pro-
inflammatory cytokines such as TNF-a and IL-6 in DSS-

8620 | Food Funct, 2022, 13, 8616-8626

induced UC mice.”” The expression of the pro-inflammatory
proteins TNF-a and IL-6 in UC tissues was analyzed by western
blotting. The expression of inflammation-related proteins TNEF-
a and IL-6 in the colon tissue was higher in the control group
than in the normal group, and the four doenjang groups
showed decreased expression levels of TNF-a and IL-6 com-
pared to the control group (Fig. 6A). The expression of each
protein was normalized to that of actin and the relative
expression levels in the normal group were analyzed. We con-
firmed that TNF-a and IL-6 protein levels in the doenjang
groups were lower than those in the control group (Fig. 6B).

4. Discussion

Doenjang, a representative fermented soybean food in Korea,
has been found to exhibit biological activities, including anti-
inflammatory, antioxidant, anti-cancer, and anti-diabetic
activities.">™"® The biological activity of doenjang has been
reported to be mediated by isoflavone, non-DDMP-conjugated
soyasaponins, peptides, amino acids, and kojic acids.'™"’

This journal is © The Royal Society of Chemistry 2022
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Fig. 3 Representative histological findings of colon sections after H&E staining. The 70 C57BL/6 mice were divided into seven groups of 10 animals
each. Normal: normal control group; control: 3% DSS group; TCD21-51-1: 3% DSS + TCD21-51-1 group; TCD21-55-1: 3% DSS + TCD21-55-1 group;
TMD21-16-1: 3% DSS + TMD21-16-1 group; TFD21-1-1, 3% DSS + TFD21-1-1 group; and sulfasalazine (SF): 3% DSS + SF group. Four doenjang
samples and SF were prepared at concentrations of 200 mg kg™t and 60 mg kg™?, respectively. (Magnification, 4x, scale bar = 100 pm.)

However, research is still lacking to determine if doenjang may
help relieve the symptoms of ulcerative colitis (UC) through its
anti-inflammatory properties. Therefore, this study investi-
gated the potential protective effect of doenjang on colitis
caused by dextran sulfate sodium (DSS) in mice.

DSS administration in rodents induces UC and exhibits
clinical and histopathological characteristics similar to those
of human UC, such as weight loss, colon shortening, bloody
stool, diarrhea, inflammatory cell infiltration, epithelial
damage, and mucosal disruption.>*® Therefore, DSS-induced
experimental animals are a widely accepted model for studying
UC pathogenesis. Conventional drugs used to treat UC are
anti-inflammatory and immunosuppressive, including corti-
costeroids, 5-aminosalicylic acid (5-ASA), and sulfasalazine

This journal is © The Royal Society of Chemistry 2022

(SF). However, these drugs side effects.®™®
Alternative treatment strategies are currently used to compen-
sate for these shortcomings. Dietary ingredients, natural pro-
ducts, and herbs have been shown to have therapeutic effects
in colitis.”*® Therefore, it is important to develop new health
foods or ingredients that may have potential anti-inflammatory
and immune-enhancing effects in UC.

In this study, DSS-treated mice exhibited greater weight
loss, higher DAI scores, shorter colon length, increased CMDI
scores, and morphological tissue damage, such as ulceration,
mucosal and epithelial disruption, and inflammatory cell infil-
tration, compared to the normal group. Compared with the
DSS-treated group, the four doenjang groups suppressed the
clinical symptoms of UC and histological damage to the colon,

can cause
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Fig. 4 Effects of doenjang on immune cell numbers in mice with DSS-induced UC. The 70 C57BL/6 mice were divided into seven groups of 10
animals each. Normal control group (normal), 3% DSS group (control), 3% DSS + TCD21-51-1 group (TCD21-51-1), 3% DSS + TCD21-55-1 group
(TCD21-55-1), 3% DSS + TMD21-16-1 group (TMD21-16-1), 3% DSS + TFD21-1-1 group (TFD21-1-1), and 3% DSS + sulfasalazine group (SF, positive
control). Four doenjang samples and SF were prepared at concentrations of 200 mg kg™ and 60 mg kg™, respectively. The levels of (A) total WBCs,
(B) lymphocytes, (C) mid-sized cells (Mid), and (D) granulocytes in blood samples were determined using a Hemavet 950 system. Values are pre-
sented as mean + SE (n = 10 per group). Bars labeled with different superscript numerals indicate P < 0.05.
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Fig. 5 Effects of doenjang on TNF-q, IL-6, and NO levels in mice with DSS-induced UC. Normal control group (normal), 3% DSS group (control), 3%
DSS + TCD21-51-1 group (TCD21-51-1), 3% DSS + TCD21-55-1 group (TCD21-55-1), 3% DSS + TMD21-16-1 group (TMD21-16-1), 3% DSS + TFD21-
1-1 group (TFD21-1-1), and 3% DSS + sulfasalazine group (SF, positive control). Four doenjang samples and SF were prepared at concentrations of
200 mg kg™t and 60 mg kg™, respectively. (A) TNF-a, (B) IL-6, and (C) NO levels. Serum TNF-q, IL-6, and NO levels were assayed using an ELISA kit.
Values are presented as mean + SE (n = 10 per group). Bars labeled with different superscript numerals indicate P < 0.05.

8622 | Food Funct., 2022,13, 8616-8626 This journal is © The Royal Society of Chemistry 2022


http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d2fo01347a

Open Access Article. Published on 27 July 2022. Downloaded on 4/7/2026 3:44:27 PM.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

Food & Function

A

Normal Control

TCD21-51-1

View Article Online

Paper

TCD21-55-1 TMD21-16-1 I'FD21-1-1

TNF_'lI—-—..—-----II—-—---——-——‘ H----—-—--—q-|

e [ HENNEEPEES | SEEBEEESEL]

———

p-actin

B

Tumor necrosis factor-a
(Normalized TNF-o/actin)

Normal  Control

51-1 55-1 161 1-1

TCD21 TMD21 TFD21

Interleukin 6
(Normalized IL-6/actin)

Normal  Control 51-1 551 16-1 1-1

TCD21 T™D21  TFD21

Fig. 6 Expression of TNF-a and IL-6 proteins in doenjang in DSS-induced UC tissues. Normal control group (normal), 3% DSS group (control), 3%
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such as ulceration and epithelial and mucosal damage.
Doenjang groups showed a similar or lower DAI score than the
positive control SF group. These results were consistent with
previous studies showing that doenjang and phytochemicals
from soybeans improved UC.”*?°* These results suggest that
doenjang effectively suppresses the symptoms of UC.

Cytokines perform important functions including lympho-
cyte differentiation, regulation of inflammation, cell survival,
apoptosis, and immune responses.”> Among the diverse
immune cells, T lymphocytes are essential regulatory cells of
the adaptive immune system.>® The various cytokines secreted
by the T cell subtypes Th1 and Th2 are important determi-
nants of cellular function. Th1 and Th2 cells are mainly
involved in cell-mediated and humoral responses, respectively,
and promote the secretion of IL-2, TNF-«, IFN-y and IL-4, IL-6,
IL-10, respectively.’’® Previous studies have demonstrated
increased activity of inflammation-related cytokines, including
TNF-a, IL-6, and IL-1f, in serum and colon tissues in several
models of colitis due to colonic inflammation.***>?*® Our
results showed that the serum levels and protein expression of
TNF-a and IL-6 were reduced in DSS-induced mice in the four
doenjang groups compared to the control group. These results
were consistent with previous studies showing that doenjang
and phytochemicals from soybeans reduced the mRNA level
and activity of inflammation-related cytokines, including TNF-
a, IL-6, and IL-1f, in serum and colon tissues in a colitis
mouse model.'*?**°3* Thus, these compounds appeared to
reduce inflammatory cytokines.'**° Nitric oxide (NO) is an

This journal is © The Royal Society of Chemistry 2022

important physiological substance in many biological systems,
including immune, nervous, and cardiovascular tissues.*®
During inflammation, significant amounts of NO and prosta-
glandin E2 (PGE2) are produced by inducible nitric oxide
synthase (iNOS) and cyclooxygenase-2 (COX-2), respectively.
High NO production causes DNA damage and mutations
during inflammation and infection. Therefore, NO over-
expression may be implicated in the pathogenesis of many dis-
eases, such as colitis, colon cancer, neurodegenerative dis-
eases, and cardiac infarction.'® Our results also showed that
the serum levels of NO were decreased in the four doenjang
groups compared to the control group. In previous studies,
phytochemicals from soybeans have been revealed to be anti-
inflammatory compounds with an inhibitory effect on NO pro-
duction in chemically induced intestinal inflammation models
and macrophages.’*™® Moreover, doenjang administration
showed an anti-inflammatory effect on DSS-induced colon
tissue by decreasing the mRNA level of iNOS, which produces
NO.?°?° Altogether, our findings suggest that doenjang may
alleviate UC by inhibiting the inflammatory factors TNF-a,
IL-6, and NO.

Blood, one of the most important indicators of the inflam-
matory response and immune function, defends the body in
various ways, including clotting during bleeding and phagocy-
tosis during bacterial invasion.** Furthermore, immune cells
such as T and B lymphocytes, monocytes, and macrophages
play an important role in regulating immune and inflamma-
tory responses.*” A previous study reveals that DSS-induced UC

Food Funct., 2022,13, 8616-8626 | 8623
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affects the immune system and causes a severe inflammatory
response in the colon, increasing the number of total WBCs,
lymphocytes, and Mid. It is also known to reduce hemoglobin
(Hb), albumin, and triglyceride (TG) levels. However, ZnONP
administration significantly induced a decrease in the number
of total WBCs, lymphocytes, and Mid and induced an increase
in Hb, albumin, and TG levels.*® In our results, the four doen-
Jjang groups significantly reduced in the number of total
WBCs, lymphocytes and Mid in comparison with the DSS-
treated group. These results show that doenjang may enhance
anti-inflammatory activity and immune responses in DSS-
induced colitis in mice.

Taken together, these results suggest protective and anti-
colitic effects of doenjang on DSS-induced colitis in mice.
Although our current study focused on the bioactive efficacy of
doenjang intake to prevent UC rather than signaling pathways,
further studies on the signaling pathways of these inflamma-
tory factors are required to identify the precise anti-inflamma-
tory mechanisms.

5. Conclusions

In conclusion, doenjang suppressed the clinical symptoms of
UC and histological damage to the colon. Additionally, doen-
Jang reduced the serum levels and protein expression of pro-
inflammatory cytokines TNF-a and IL-6, and NO production
and immune cells in DSS-induced UC mice. Therefore, these
findings suggest that doenjang effectively protects against UC
and may be useful in the development of therapeutic strategies
or functional products.
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