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that TMLO suppresses occurrence of acute ulcer-
ative colitis in the DSS mouse model. Therefore, 
TMLO has the potential to be developed as a health 
food for the prevention and treatment of ulcerative 
colitis.

Introduction
Inflammatory bowel disease (IBD) causes a chronic 

bowel function decline and is classified into two types: 
Crohn’s disease and ulcerative colitis (UC). It causes 
symptoms such as abdominal pain, diarrhoea, bloody 
stool, and anaemia (Abraham and Cho, 2009; Adams 
and Bornemann, 2013). UC is an idiopathic disease that 
causes continuous mucositis extending from the rectum 
to the proximal colon. UC has the most frequent onset 
between the ages of 20 and 30 and the second most fre-
quent onset between the ages of 50 and 80. An incidence 
of 1.2–20.3 cases per 100,000 persons has been report-
ed, with typical symptoms including mucinous diar-
rhoea and bloody stools, intermittent abdominal pain, 
and thickening of the intestinal wall. UC can be caused 
by genetic factors, environmental factors, autoimmune 
reactions, and intestinal microflora (Gajendran et al., 
2019). Continuous exposure of the colonic environment 
to inflammatory mediators such as harmful substances, 
toxins, and bacteria causes inflammation in the intesti-
nal tract and damages the tissues as it progresses, caus-
ing characteristic symptoms (Xavier and Podolsky, 
2007). Steroid-based drugs, including mesalamine, thio-
purines and methotrexate, have been used as treatments 
for UC. However, they inevitably have serious adverse 
effects (Nadpara, 2020). In patients receiving mesala-
mine, a representative colitis treatment, lung damage 
along with dry cough and mild fever has been reported 
(Kotsiou and Gourgoulianis, 2019). With regard to thio-
purines, the response to treatment is slow, it cannot be 
used alone, and liver toxicity occurs when the drug is 
metabolized (Berends et al., 2019). Many existing drugs 

Abstract. Ulcerative colitis is caused by various ex-
ternal factors and is an inflammatory disease that 
causes decreased intestinal function. Tenebrio moli-
tor larvae contain more than 30 % fat, and the fat 
component consists of 45 % oleic acid, 20 % linoleic 
acid and 20 % polyunsaturated fatty acids. In this 
study, after administering Tenebrio molitor larva oil 
(TMLO) in a dextran sodium sulphate (DSS)-in-
duced ulcerative colitis mouse model, the pathologi-
cal findings and inflammatory markers of colitis 
were analysed to assess whether a colitis mitigation 
effect was achieved. In the TMLO-administered 
group, the colon length increased, the spleen weight 
decreased, and the body weight increased compared 
with that in the DSS group. In addition, the disease 
activity index level decreased, the mRNA expression 
level of inflammatory cytokines in the colon de-
creased, and the myeloperoxidase activity level sig-
nificantly decreased. Also, the activity of the NF-κB 
pathway involved in the regulation of the inflamma-
tory response was lower in the TMLO group than in 
the DSS group. Taken together, these results suggest 
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have limitations in their use owing to their mild-to-seri-
ous side effects. 

As food intake is part of the cause of UC (Głąbska et 
al., 2019), active research is being conducted to identify 
natural substances with anti-inflammatory effects, and 
various foods and additives are being considered as po-
tential treatments for UC. Insects are selected as candi-
dates for future foods, as they have abundant fatty acids, 
proteins and microelements. They are ingested in their 
original form or in the form of an additive (Zielińska et 
al., 2017). In addition, various studies have been con-
ducted on insect resources as potential health supple-
ments, such as studies on antioxidants, anti-inflammato-
ry treatments using animal models, and development of 
medicinal substances (Nowakowski et al., 2022).

Tenebrio molitor (TM) is an edible insect found 
worldwide and rich in chitin; it contains 30 % fat and 
70 % protein, drawing attention as a high-protein food 
(Zhao et al., 2016; Li et al., 2019). The fat component of 
TM contains 45 % oleic acid, 20 % linoleic acid and 
20 % polyunsaturated fatty acids (PUFA), which have a 
higher composition ratio than those of animal fat. 
Although it is an insect oil, the ratio of omega-3 to ome-
ga-6 is similar to that of vegetable oil (Son et al., 2020). 
Among the studies using fatty acids extracted from in-
sects as test substances, the oleic acid extracted from 
Cryptotympana pustulata was effective in alleviating 
inflammatory cell infiltration, decreasing airway hyper-
responsiveness and reducing secretion of inflammatory 
cytokines (Kim et al., 2021). Oleic acid increases the 
levels of anti-inflammatory bacterial genera and effec-
tively decreased the disease activity index (DAI), mac-
roscopic score of colitis, inflammatory cell density, and 
myeloperoxidase (MPO), interleukin (IL)-17 and inter-
feron (IFN)-γ levels in a rat colitis model (Fernández et 
al., 2020). Women who consume a large amount of n-3 
PUFA tend to have a reduced risk of UC compared with 
those who do not (Ananthakrishnan et al., 2014). In ad-
dition, a number of studies have reported the anti-in-
flammatory effects of vegetable oils. These oils alleviate 
the effect of colitis by reducing the excessive expression 
of cytokines caused by the intake of plant and fish oils 
(Yorulmaz et al., 2019; Tanideh et al., 2020). In mouse 
models, the use of natural dietary supplements such as 
yarrow oil (Mohamed et al., 2021), which alleviates 
colitis by regulating the NF-κB and PPAR-α pathways, 
has been reported (Parian and Limketkai, 2016). A pre-
vious study also reported that the acute inflammatory 
reaction in colitis models was alleviated by administer-
ing cotton seed oil, which restored the colon length and 
weight and reduced expression of inflammatory cyto-
kines in the tissues (Park et al., 2019).

However, to date, no studies have confirmed the anti-
inflammatory effect of TMLO in colitis. In this study, 
the effect of TMLO in UC was evaluated, and the pos-
sibility of developing effective food additives for UC 
using TMLO was investigated. TMLO was orally ad-
ministered to a mouse colitis model induced by dextran 
sodium sulphate (DSS). This study aimed to investigate 

the efficacy of TMLO in alleviating UC symptoms by 
comparing the gross pathological and histopathological 
findings and the expression levels of inflammatory cyto-
kines and NF-κB-related proteins in the tissues of mice.

Material and Methods

Experimental animals and DSS-induced colitis

Nine-week-old male Institute of Cancer Research 
(ICR) mice from Damul Science (Daejeon, Korea) were 
used in this study, while TMLO was provided by the 
Korea Institute of Useful Insects (Goksong, Korea). The 
provided TMLO is an oil that accounts for 30 % of the 
TM larvae. TMLO was extracted using supercritical ex-
traction. The oil had 36 % saturated fatty acids and 64 % 
unsaturated fatty acids. The major unsaturated fatty ac-
ids were oleic acid at 45.8 % and palmitic acid at 29.7 %, 
showing a high ratio of the two fatty acids. In this study, 
colitis was induced using DSS (MP Biomedicals, Solon, 
OH), which is widely used as an inducer in UC mouse 
models (Chassaing et al., 2014). The mice were random-
ly divided into three groups, with each group compris-
ing five mice: DSS group (DSS + physiological saline 
oral administration), TMLO 50 group (DSS + TMLO 
50 µl oral administration), and TMLO 100 group (DSS 
+ TMLO 100 µl oral administration). To investigate the 
colitis prevention ability of TMLO, TMLO was orally 
administered to mice for seven days before DSS admin-
istration. The prescribed amount of TMLO was orally 
administered daily in each group using a needle cathe-
ter. DSS was dissolved in drinking water at a concentra-
tion of 3.5 % within seven days after TMLO administra-
tion so that it could be drunk freely (Fig. 1). Body weight 
was measured on the first and last days of drinking DSS, 
and changes in body weight were compared between the 
three groups. Environmental conditions were main-
tained at 22 ± 1 °C, with relative humidity of 50 ± 5 % 
and in an alternating 12-h light/dark cycle. The animal 
experiments in this study were approved by the Animal 
Experiment Ethics Committee of Chonnam National 
University (CNUIACUC-YB-2021-13).

Evaluation of the disease activity index score
Determination of the DAI score is a method of com-

prehensively scoring the degree of induction of colitis, 
weight change, faecal dilution, and bloody stool (Sann 
et al., 2013). The DAI score ranges from 0 to 4:
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Fig 1. Overview of the experimental dietary administration
DSS-induced colitis was triggered by 7 days of TMLO 
treatment alone followed by 7 days of TMLO treatment 
and administration of 3.5% DSS.
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0: normal stool, no bloody stool, no anal haemorrhage, 
and a weight loss rate of less than 2 %;

1: slightly diluted stool, red stool, no anal haemorrhage, 
and a weight loss rate of 2 % or more but less than 5 %;

2: watery stools, bloody stools, anal haemorrhage, and a 
weight loss rate of 5 % or more but less than 9 %;

3: diarrhoea, clear red bloody stool, anal haemorrhage, 
and a weight loss rate of 9 % or more but less than 17 %;

4: diarrhoea, clear red bloody stool, anal haemorrhage, 
and a weight loss rate of 17 % or more. 
Three observers calculated the average DAI score of 

each group.

Tissue sample collection
The mice were anesthetized via intraperitoneal injec-

tion of 2% 2,2,2-tribromoethanol (Sigma-Aldrich, St. 
Louis, MO). After administration of anaesthesia, the 
mouse was cut from the cecum to the rectum to measure 
its length. For histological analysis, a portion of the co-
lon that was cut 1 cm from the rectum was collected and 
fixed in 10% neutral formalin (Sigma-Aldrich), while 
the remaining tissue was stored at −80 °C until analysis. 
A blood sample was collected from the hearts of anesthe-
tized mice. The blood sample was stored at 4 °C for 24 h 
and then centrifuged at 5,000 × g at 4 °C for 15 min to 
separate the serum. The spleen was extracted, weighed, 
and stored at −80 °C until analysis.

Histology
The tissue fixed in formalin was sampled, cut to a 

thickness of 4 µm, dyed with haematoxylin and eosin, 
and assessed for the degree of colon mucosa prolifera-
tion and the histological state of the crypt using a micro-
scope at 100× magnification. Three observers calculated 
the average score of the measured values for each group. 
The degree of tissue damage was determined using the 
modified version of the method used in the study by 
Kim et al., 2012. The method used to obtain a score was 
as follows: state of the crypt (normal: 0; severe damage 
to the crypt and loss of form: 3), degree of inflammatory 
cell infiltration (normal: 0; dense inflammatory infil-
trate: 3), goblet cell statement (normal: 0; depleted: 1).

Myeloperoxidase content in the colon tissue
The MPO activity in the colon tissue was used as an 

indicator of leukocyte infiltration (Murakami et al., 
2018). For MPO measurements, the mouse colon tissue 
was homogenized in buffer and then tested using an 
MPO colorimetric activity assay kit (Sigma-Aldrich) 
according to the manufacturer’s instructions. The colons 
were dissected, rinsed with phosphate-buffered saline 
and cut into small pieces. The tissue was then homoge-
nized. Supernatants were collected after centrifugation 
(12,000 × g, 10 min, 4 °C). The MPO activity was cal-
culated by substituting the standard curve and measured 
using a Multiskan EX microplate reader (Thermo Fisher 
Scientific, Waltham, MA) at 540 nm. The level of MPO 
activity in the tissue was expressed as U/g tissue.

Determination of cytokine expression in the 
mouse colon

The frozen colon tissues were homogenized using a 
Precellys 24 homogenizer (MP Biomedicals) at 50 mg 
each, and RNA was extracted using a Nucleospin RNA 
Plus kit (Macherey-Nagel, Duren, Germany). The RNA 
was synthesized as cDNA using a cDNA Synthesis 
Master Mix (LeGene Biosciences, CA) and stored at 
−20 °C until analysis. The synthesized cDNA (100 ng/ul) 
was analysed to determine the mRNA expression levels 
using TOPrealTM qPCR 2X PreMIX (SYBR Green with 
low ROX, UDG plus) (Enzynomics, Daejeon, Korea). 
The primer sequences used were as follows,
IL-1β F: CAACCAACAAGTGATATTCTCCATG 
IL-1β R: GATCCACACTCTCCAGCTGCA 
IL-4 F: TCAACCCCCAGCTAGTTGTC 
IL-4 R: TGTTCTTCGTTGCTGTGAGG 
IL-6 F: CAGAGATACAAAGAAARGATGGATGCT 
IL-6 R: CAGAAGACCAGAGGAAATTTTCAATA 
TNF-α F: CCACGCTCTTCTGTCTACTGAACTT 
TNF-α R: TGAGAGGGAGGCCATTTGG 
IFN- γ F: TGGCATAGATGTGGAAGAAAAGA 
IFN- γ R: TGGCATAGATGTGGAAGAAAAGAG 
GAPDH F: CTGGAGAAACCTGCCAAGTA 
GAPDH R: AGTGGGAGTTGCTGTTGAAG.

Western blot
The mouse colon tissue was homogenized using a 

Precellys 24 homogenizer (MP Biomedicals), and the 
proteins were extracted using radioimmunoprecipitation 
assay buffer (Sigma-Aldrich). The proteins were mixed 
with NovexTM Tris-Glycine SDS sample buffer (2×) 
(Thermo Fisher Scientific) and incubated at 95 °C for 
5 min. The proteins were electrophoresed in 10% sodi-
um dodecyl sulphate polyacrylamide gel. The separated 
proteins were transferred to a polyvinylidene transfer 
membrane (Thermo Fisher Scientific). The membrane 
was blocked with 5% skim milk in 0.05% Tris-buffered 
saline with Tween 20 (TBST). The membrane was incu-
bated at 4 °C for 12 h by diluting the primary antibody 
in TBST at a concentration of 1 : 1,000. The antibodies 
used in this study were anti-PCNA antibody (Abcam, 
Waltham, MA), anti-NF-κB p65 antibody (Abcam), and 
anti-phospho-NF-κB p65 antibody (Abcam). After com-
pletion of the reaction with the primary antibody, the 
membrane was washed three times in TBST for 15 min 
and mixed with anti-rabbit IgG conjugated with HRP 
and anti-mouse IgG conjugated with HRP in TBST at a 
concentration of 1 : 10,000 and reacted for 2 h. The 
membrane was washed three times in TBST for 15 min 
and visualized using a PierceTM ECL Western blotting 
substrate (Thermo Fisher Scientific) and UV. The inten-
sity of protein bands was analysed using the ImageJ 
software (NIH Image, MD). PCNA was used as the 
loading control.

B. M. Park et al.
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Statistical analysis

The experimental results obtained from each sample 
were tested for significance by conducting Duncan’s 
multiple tests at a P value of < 0.05 using the analysis of 
variance performed in GraphPad Prism software version 
5.0. The test results were displayed graphically as mean 
and standard deviation.

Results

Clinical signs, body weight change, DAI score, 
colon length, and spleen weight

Following DSS administration, the mice started pro-
ducing loose stools after three days and showed signs of 
bloody stools. On the 7th day after the administration of 
DSS, all groups showed symptoms of bloody stools and 
diarrhoea. After autopsy, when the large intestine was 
dissected and observed visually, the degree of intestinal 
bleeding was relatively severe in the DSS group, while 

it was relatively decreased in the TMLO 50 and TMLO 
100 groups (data not shown). Body weight changes 
were compared by measuring the weight before DSS 
feeding and at the end of the experiment. At the end of 
the experiment, the DSS group weighed 29.0 (± 3.9) g, 
the TMLO 50 group weighed 36.4 (± 1.1) g, and the 
TMLO 100 group weighed 34.9 (± 1.5) g. Compared 
with the values before the DSS treatment, the weight 
loss rates at the end of the experiment were 18 % in the 
DSS group, 1.1 % in the TMLO 50 group and 2.6 % in 
the TMLO 100 group. Compared with the DSS group, 
the weight loss was significantly inhibited in the TMLO 
50 and TMLO 100 groups (Fig. 2A). The DAI scores 
were 3.7 (± 0.6) in the DSS group, 1 (± 1.2) in the TMLO 
50 group and 0.7 (± 0.6) in the TMLO 100 group. 
Compared with the DSS group, the DAI score was sig-
nificantly decreased in the TMLO 50 and TMLO 100 
groups (Fig. 2B). The length of the colon removed from 
the mouse was measured; the average colon lengths 
were 5.3 (± 1.2) cm in the DSS group, 8.4 (± 1.8) cm in 
the TMLO 50 group and 9.2 (± 1.5) cm in the TMLO 

Fig. 2. Body weight, DAI score, colon length, and spleen weight in colitis-induced mouse models treated with TMLO 
(A) Mouse weight loss after treatment, (B) DAI score, (C) comparison of colon length, (D) representative colonic length 
from each group, (E) spleen weight. Data are presented as mean ± SD; the results of the TMLO groups are compared with 
those of the DSS group using Dunnett’s multiple comparison test. *P < 0.05, **P < 0.05, and ***P < 0.01.
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100 group. The shortening of the colon length was sig-
nificantly inhibited in the TMLO 50 and TMLO 100 
groups compared with that in the DSS group in a dose-
dependent manner (Fig. 2C and 2D). Next, the weight of 
the spleen removed from the mouse was measured; the 
spleen weight values were 200 (± 17.2) g in the DSS 
group, 163 (± 4.6) g in the TMLO 50 group and 137 
(± 6.3) g in the TMLO 100 group. Compared with the 
DSS group, the spleen weight was significantly reduced 
in the TMLO 50 and TMLO 100 groups (Fig. 2E).

Histology
The intestinal tissue was observed using a light mi-

croscope. The DSS group was noted to have damage to 
the colonic tissue, inflammatory reaction and ulceration. 
In the DSS group, general oedema was observed in the 
intestinal tissue, the epithelial layer was severely lost, 
and the normal shape of the crypt was no longer main-
tained owing to severe infiltration of inflammatory cells 
into the mucosal layer. Compared with the DSS group, 
the TMLO 50 group showed less damage with the crypt 
shape partially maintained, while the TMLO 100 group 
was able to maintain a near-normal crypt shape (Fig. 
3A). Histologic scores were 3.8 (± 0.4) in the DSS 
group, 2.2 (± 2.0) in the TMLO 50 group and 1.9 (± 1.9) 
in the TMLO 100 group. Compared with the DSS group, 
the TMLO 50 and 100 groups showed a significant de-
crease in the histologic scores (Fig. 3B).

Myeloperoxidase content in the colon tissue
In this study, the MPO activity was measured to de-

termine the degree of neutrophil tissue infiltration. The 
MPO levels in the mouse colon tissues were 26.9 (± 4.9) 
U/g in the DSS group, 23.4 (± 4.8) U/g in the TMLO 50 
group and 19.1 (± 1.8) U/g in the TMLO 100 group. 
Compared with the DSS group, the TMLO 50 and 100 
groups showed a decreasing trend in the MPO levels 
(Fig. 4).

Determination of cytokines in the mouse colon
The expression levels of cytokines in the colon tissue 

of mice were compared with that of the housekeeping 
gene to show the differences between the three groups. 
The TMLO groups showed changes in the expression 
levels of cytokines compared with the DSS group. The 
expression of IL-1β was significantly decreased in the 
TMLO 50 group compared with that in the DSS group 
(Fig. 5A) (P < 0.05). The expression of IL-6 was sig-
nificantly decreased in the TMLO 100 group compared 
with that in the DSS group (Fig. 5B) (P < 0.01). The 
expression level of TNF-α was decreased in the TMLO 
100 group compared with that in the DSS group, show-
ing a significant difference (Fig. 5C) (P < 0.05). The 
expression levels of IL-4 and IFN-γ were not signifi-
cantly different (Fig. 5D and 5E).

Western blot
To compare the progression of colitis through the 

NF-κB pathway in the colon tissue of mice, the expres-

B. M. Park et al.
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Fig. 3. Histological features and score
(A) Histology images showing the effects of TMLO. (B) 
Histological disease score of DSS-induced colitis in mice. 
Data are presented as mean ± SD; the results of the TMLO 
groups are compared with those of the DSS group using 
Dunnett’s multiple comparison test. **P < 0.01.
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sion levels of NF-κB and phospho-NF-κB proteins were 
analysed using Western blotting. The level of NF-κB 
protein expression was significantly decreased in the 
TMLO 50 and TMLO 100 groups compared with that in 
the DSS group (Fig. 6B). The level of phospho-NF-κB 
protein expression was significantly decreased in the 
TMLO 50 group compared with that in the DSS group 
and decreased with a high significance in the TMO 100 
group (Fig. 6C).

Discussion
When the mice were fed with DSS to induce colitis, 

bloody stool, weight loss and colon length reduction were 
reported, and inflammatory cells penetrated the colonic 
stroma, destroying the glands and collagen fibres, caus-
ing severe oedema and damage to the cell morphology 

Anti-Inflammatory Effect of Tenebrio Molitor Larva Oil in Colitis

Fig. 4. Measurement of MPO in the colon of mice with 
DSS-induced colitis
Data are presented as mean ± SD; the results of the TMLO 
groups are compared with those of the DSS group using 
Dunnett’s multiple comparison test. **P < 0.01.

Fig. 5. Expression of cytokine mRNA during the DSS treatment in the colon 
(A) Relative IL-1β level, (B) relative IL-6 level, (C) relative TNF-α level, (D) relative IL-4 level, and (E) relative IFN-γ 
level. Data are presented as mean ± SD; the results of the TMLO groups are compared with those of the DSS group using 
Dunnett’s multiple comparison test. *P < 0.05 and **P < 0.01.
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(Adams and Bornemann, 2013; Yoda et al., 2014; Xu et 
al., 2020). In this study, the efficacy of TMLO was in-
vestigated by comparing the gross pathological find-
ings, inflammatory cytokine expression levels, NF-κB-
related protein levels in the colon tissue, and the degree 
of histopathological damage after administering TMLO 
to a DSS-induced colitis mouse model. In this study, all 
the DSS-fed mice demonstrated characteristic diar-
rhoea, bloody stools, a decrease in colon length, and a 
reduction in body weight, but showed an increase in the 
DAI score, indicating DSS-induced colitis. How ever, 
the TMLO 50 and TMLO 100 groups showed reduction 
in diarrhoea and bloody stools, alleviation of colon 
length reduction, alleviation of splenomegaly, and a de-
crease in the DAI score.

Various immune cells are involved in the immune re-
sponses in the large intestine, but T cells, such as Th1, 
Th2 and Th17, have a more significant role. Inflammation 
in the colonic mucosa increases expression of inflam-
matory chemokines in tissue capillaries and attracts 
lymphocytes, leading to abnormal inflammatory reac-
tions and stimulating the innate and acquired immune 
systems as well as excessive secretion of cytokines such 
as IFN-γ, TNF, IL-1, IL-4, and IL-6 (Abraham and Cho, 
2009; Blumberg, 2009). In the case of colitis caused by 
DSS, TNF-α, IL-6 and IL-17 produced by Th1 and Th17 
cells are over-expressed in acute colitis; in the case of 
chronic colitis, the expression of IL-4 and IL-10 of Th2 
cells is increased, while that of TNF-α, IL-6 and IL-17 is 

decreased (Cooper et al., 1993; Alex et al., 2009; Gere-
mia et al., 2014). In this study, the expression levels of 
TNF-α, IL-1β and IL-6, which were increased in the 
DSS group, decreased in the colon tissues of the TMLO 
50 and TMLO 100 groups, indicating that the treatment 
with TMLO alleviated acute colitis in the mice. These 
results are similar to those reported in other studies. Son 
et al. (2020) suggested that TM larva powder has poten-
tial antioxidant and anti-inflammatory effects owing to 
the reduced NO production of taurine, polyphenol, chi-
tosan, glucosamine, and unsaponifiable lipids in TM oil.

MPO is a peroxidase that is mainly found in neutro-
phils and monocytes. MPO is associated with inflamma-
tory diseases, as it is a mediator of various inflammatory 
injuries and diseases, and its levels increase when oxi-
dative stress increases (Aratani, 2018; Ndrepepa, 2019). 
Inflammatory disease in tissues leads to neutrophil infil-
tration. MPO is an enzyme expressed in large amounts 
in neutrophils and is used as an indicator of inflamma-
tory response (Krawisz et al., 1984). MPO expressed in 
neutrophils plays an important role in killing microor-
ganisms, and it is a local mediator of tissue damage and 
various inflammatory diseases in several animal models 
(Aratani, 2018). In this study, the level of MPO in the 
colon was also significantly decreased in the TMLO 50 
and TMLO 100 groups, suggesting that TMLO may al-
leviate tissue damage by reducing the degree of neutro-
phil or monocytic inflammation.

B. M. Park et al.

Fig. 6. Western blot analysis of activation of NF-κB during the DSS treatment in mice
(A) Detection of NF-κB activation. PCNA was used as the loading control. (B) Relative intensity of NF-κB p65. (C) 
Relative intensity of phospho-NF-κB p65. Data are presented as mean ± SD; the results of the TMLO groups are com-
pared with those of the DSS group using Dunnett’s multiple comparison test. *P < 0.05 and **P < 0.01.
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For histological analysis, in Fig. 3, the colon tissue 
was stained with haematoxylin and eosin. In the DSS 
group, the colonic epithelial cells were damaged owing 
to inflammation caused by DSS administration, and in-
filtration of inflammatory cells, proliferation of mucosal 
cells and damage to the crypt were evident. In the TMLO 
groups, the crypt form was restored and the infiltration 
of inflammatory cells was reduced.

NF-κB, which plays an important role in the activity 
of immune cells, allows expression of various immune-
related genes involved in the regulation, cell prolifera-
tion and survival regulation of inflammatory responses 
(Yamamoto and Gaynor, 2004). When the cells are stim-
ulated by pro-inflammatory cytokines such as TNF-α 
and IL-1, the NF-κB complex enters the inflammation-
inducing pathway to promote acute inflammatory reac-
tions, stimulates disease progression and generates the 
pathological findings of UC (Baeuerle, 1998). NF-κB 
exists in various dimeric forms; in most cells, it exists in 
an inactive state bound to the IKB protein. The inactive 
NF-κB complex is activated by the IKK complex. When 
cells are stimulated, the IKK complex phosphorylates 
and degrades IKB bound to the NF-κB dimer and sepa-
rates and activates the NF-κB dimer from IKB. The iso-
lated NF-κB enters the nucleus, binds to DNA, and then 
proceeds with gene transcription. It promotes the in-
flammatory response by activating chemokines, cyto-
kines, tumour induction, and inflammatory mediators 
through gene transcriptional activity (Makarov, 2000; 
Lawrence, 2009; Liang et al., 2018; Zusso et al., 2019). 
In this study, the expression levels of NF-κB and phos-
pho-NF-κB in mouse colon tissues were measured by 
Western blotting. The expression of NF-κB and phos-
pho-NF-κB was decreased in the TMLO group com-
pared with that in the DSS group. This finding shows 
that the administration of TMLO inhibits the expression 
of NF-κB and the phosphorylation activity of NF-κB, 
thereby preventing initiation of the intestinal inflamma-
tory response caused by the DSS feeding and inhibiting 
progression by triggering an excessive inflammatory 
response.

In this study, we confirmed our initial hypothesis that 
administration of TMLO to a DSS-induced colitis 
mouse model alleviated the decrease in the colon length 
in the TMLO 100 group, the spleen enlargement and 
weight loss in the TMLO 50 and 100 groups; reduced 
the frequency of diarrhoea and bloody stool; and im-
proved the histological findings in the TMLO 50 and 
100 groups. In addition, significant reductions in MPO 
in the TMLO 50 group, TNF-α (TMLO 100), IL-1β 
(TMLO 50) and IL-6 (TMLO 100), and reduction in the 
inflammatory responses through inhibition of the NF-κB 
pathway activity were confirmed in the TMLO 50 and 
100 groups. The present study was the first to report that 
TMLO administration markedly suppressed the symp-
toms of acute UC in a DSS mouse model, suggesting 
that TMLO can be effective for the treatment of UC. 
Therefore, TMLO could be developed as a health food 
for the prevention and treatment of acute UC.
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