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A B S T R A C T

This study aimed to evaluate the preventive efficacy of tocotrienol in inhibiting the nuclear factor-kappa B (NF- 
κB) mediated inflammation pathways in colorectal cancer. We utilized the azoxymethane (AOM) and dextran 
sulfate sodium salt (DSS) to induce colitis-associated colorectal cancer (CAC) mice model. In generating a CAC 
model, mice were intraperitoneally injected with AOM at a concentration of 10 mg/kg body weight. Seven days 
after the AOM injection, mice drinking water containing 3 % DSS for 1 week, followed by a 2-week period of 
regular water. This cycle of DSS treatment (1-week 3 % DSS+2-week water) was repeated for two additional 
cycles. Mice were randomly divided into five groups (n = 20/group), including Blank group, Model group, three 
different dosages tocotrienol groups (Low dose group [50 mg/kg], Medium dose group [75 mg/kg], and High 
dose group [100 mg/kg]). The protective effects of tocotrienol were assessed using histological, flow cytometry, 
western blot and mouse Luminex assay. Compared with the blank group, expressions of toll-like receptor 4 
(TLR4), myeloid differentiation protein 88 (MyD88), tumor necrosis factor receptor-associated factor 6 (TRAF-6), 
NF-κB, Interleukin (IL)-6 and tumor necrosis factor (TNF) − α were increased in model group, while IL-4 and IL- 
10 were decreased in model group (P<0.05). Tocotrienol prevented carcinogenesis and decreased the IL-6, TNF- 
α, MyD88, TLR4, TRAF-6 and NF-κB expression levels, compared with the model group (P<0.05). Compared with 
the model group, the expression of IL-10 was increased in medium dose group and high dose group (P<0.05). 
The protective effects of tocotrienol may be related to the inhibition of TLR4 /MyD88 /NF-κB mediated in-
flammatory signaling pathways. Therefore, the use of tocotrienol can improve the abnormal expression of cy-
tokines in a mouse model of colorectal cancer and inhibit the occurrence and development of colorectal cancer.

1. Introduction

Colorectal cancer is a malignant tumor of the digestive system and is 
the second leading cause of cancer death and the third most common 
cancer globally. This malignancy induces estimated 1.9 million inci-
dence cases and 0.9 million deaths worldwide (Bray et al., 2024). Colitis- 
associated cancer (CAC) is a subtype of colorectal cancer (CRC) associ-
ated with inflammatory bowel disease (IBD). Extensive evidence sug-
gested that the micro-environment surrounding the intestinal epithelial 
cells in IBD patients can promote inflammation − associated epithelial 

cell damage, and thereby facilitate the occurrence and progression of 
CAC (Terzić et al., 2010; Hirano et al., 2020; Sharma et al., 2018). 
Currently, the main treatment approaches for colorectal cancer (CRC) 
are surgery and chemoradiotherapy. Nevertheless, these interventions 
have limited efficacy, resulting in a five-year relative survival rate of 
only about 15 % for patients with distant CRC (Siegel et al., 2022). 
Furthermore, chronic inflammation over an extended period is a notable 
risk factor for the onset of CRC.

To study the mechanisms and preventive measures of CAC, the 
azoxymethane (AOM)/dextran sulfate sodium (DSS) mouse model is 
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predominantly used. This model is similar in histological and molecular 
characteristics to human CAC. Drinking water containing DSS can 
induce colitis in the mouse, and repeated exposure can induce colorectal 
cancer, although with low tumor incidence and a long modeling period 
(Tanaka et al., 2003; Suzuki et al., 2005). A single injection of AOM prior 
to DSS exposure has been shown to induce persistent damage and repair 
of the intestinal mucosal epithelium in mice, which shortens the 
modeling period and increases the tumorigenesis rate, and has been 
widely applied (Popivanova et al., 2008). Son et al. observed the effects 
of AOM/DSS treatment on tumorigenesis rates in different sexes of CD-1 
(ICR) mice, compared the number and incidence of low-grade ade-
nomas, high-grade adenomas, cancerous mucosal invasion, and 
cancerous submucosal invasion in colon tissue samples collected at 
different time points, and found that both the number and incidence of 
tumors in female mice were lower than those in male mice (Son et al., 
2019). Therefore, we used the male CD-1 (ICR) mice to evaluate the 
preventative and therapeutic effects of tocotrienol on AOM/DSS induced 
CAC model in mice, as well as its regulatory effects on inflammatory 
pathways.

The Toll-like receptor 4/myeloid differentiation protein 88/nuclear 
factor κB (TLR4/MyD88/NF-κB) signaling pathway plays a crucial role 
in the progression of colitis to CAC (Pastille et al., 2021). TLR4 is a 
pattern recognition receptor for lipopolysaccharide (LPS) and partici-
pates in the inflammatory response by regulating the expression of 
adaptive immune-related proteins (Fukata et al., 2009). TLR4 can acti-
vate two signaling pathways, namely, a MyD88-dependent or MyD88- 
independent pathway. In a resting state, MyD88 forms a signaling 
complex with IL-1 receptor-associated kinase (IRAK) and TNF receptor- 
associated factor 6 (TRAF6). Following LPS stimulation, TLR4 activation 
leads to the phosphorylation of IRAK, and then TRAF6 is dissociated 
from the signaling complex (Li et al., 2019). TRAF 6 is a ubiquitin E3 
ligase that acts as a adapter protein in TLRs signal pathways. TRAF6 
promotes NF-κB signaling through K63 polyubiquitination of inhibitor 
of κB Kinase (IKK), leading to the activation of IKK. Inhibitor of κB (IκB) 
was phosphorylated by IKK and followed by proteasome-mediated 
degradation of IκB leading to the nuclear translocation of NF-κB and 
promoting the release of cytokines such as IL-1, IL-6, TNF-α, and IL-1β 
(Luan et al., 2014; Deng et al., 2000; Liu et al., 2018).The increased 
levels of TNF-α and IL-1β further exert negative feedback regulation on 
the TLR4/MyD88/NF-κB pathway, creating an inflammatory cascade 
that ultimately leads to the occurrence and progression of CRC (Zhu 
et al., 2019). Research indicates that the expression levels of TLR4 and 
NF-κB are significantly elevated in the colonic tissues of AOM/DSS- 
induced CAC mice as well as in human colorectal cancer tissues (Zhao 
et al., 2023; Xiaoping et al., 2023; Huang et al., 2014). Extensive evi-
dence also suggested that MyD88-dependent NF-κB signaling pathway 
can be triggered by microbial infection or tissue damage, and the acti-
vation of NF-κB is enhanced in CRC. This finding suggested that the 
constitutive activation of NF-κB enhances inflammation in patients with 
colitis and contributes to colitis-induced carcinogenesis (Abdullah et al., 
2013; Fukata et al., 2011; Hausmann et al., 2002; Peterson and Artis, 
2014; Ullman and Itzkowitz, 2011). Inactivating the TLR4/NF-κB 
signaling pathway can alleviate oxidative stress and inflammatory re-
sponses in human colonic cells (Sun et al., 2020). Therefore, the TLR4/ 
MyD88/NF-κB signaling pathway may represent a potential therapeutic 
target for CAC intervention. Inhibiting the expression of this signaling 
pathway could effectively suppress the occurrence and progression of 
colitis to CAC.

In recent years, the use of natural anti-cancer components found in 
food to intervene in tumor formation and prevent its further develop-
ment has become an actively explored area in the field of nutrition. 
Tocotrienols is a subtype of vitamin E, naturally found in palm oil, rice 
bran, and annatto seeds. Its main structure consists of a chromanol ring 
with an isoprenoid side chain. Depending on the composition of the 
phytyl tail, tocotrienols can be divided into four isomers (α-, β-, γ-, or δ-) 
(Mohd Zaffarin et al., 2020). Studies shown that compared to other 

forms of vitamin E, γ-tocotrienol and δ-tocotrienol exhibit stronger anti- 
inflammatory and anti-tumor biological activities (Jiang et al., 2008; 
Yang et al., 2020). They selectively inhibit the proliferation of colon 
cancer cells, induce apoptosis in tumor cells (Husain et al., 2019; Xu 
et al., 2012), and suppress angiogenesis (De Silva et al., 2016; Li et al., 
2011; Shibata et al., 2009). δ-tocotrienol has been found to inhibit 
inflammation through the MAPK and PPAR signaling pathways in LPS- 
stimulated macrophages (Shen et al., 2018). Similarly, γ-tocotrienol 
inhibits IL-6 production and NF-κB-activated in LPS-induced RAW264.7 
macrophages (Wang and Jiang, 2013). Accumulating evidence suggests 
that tocotrienols possess effective anti-cancer properties by inhibiting 
the constitutive activity of NF-κB in various types of cancer, such as 
pancreatic and breast cancer (Popivanova et al., 2008; Di Martino et al., 
2016). However, the inhibitory effects of tocotrienol on CAC and its 
regulation role on the TLR4/MyD88/NF-κB signaling pathway remain 
unclear.

Our previous research have found that both δ-tocotrienol and 
γ-tocotrienol effectively inhibited the proliferation of colon cancer cells 
SW620 (Zhang et al., 2011; Zhang et al., 2013). In a subsequent study, 
we observed that tocotrienol-rich fraction could suppress the growth of 
human colon cancer in xenografts nude mouse tumor model (Zhang 
et al., 2015). Enzyme-linked immunosorbent assays revealed that 
annatto tocotrienol could reduce the expression of NF-κB and MyD88 in 
colon cancer tissues (Qian et al., 2021).

In this study, we focused on the annatto tocotrienol, a natural com-
pound abundant in delta-tocotrienol and gamma-tocotrienol. Our 
objective was to evaluate its therapeutic potential in a mouse model of 
colitis-associated cancer (CAC) and to elucidate its regulatory influence 
on the TLR4/MyD88/NF-κB signaling pathway. We aimed to establish 
annatto tocotrienol as a promising candidate for modulating the aber-
rant cytokine expression in CAC and for impeding tumorigenesis.

2. Materials and methods

2.1. Materials and reagents

Tocotrienol, which was extracted from annatto seeds, containing 
89.2 % δ-tocotrienol and 10.8 % γ-tocotrienol, was provided by the 
American River Nutrition, Inc. (Hadley, MA, USA). Tocotrienol was 
premixed with soybean oil (Fulinmen First Grade Soybean Oil, 900 ml) 
before being provided to mice to avoid decreasing the biological activity 
of tocotrienol. Test compounds should be prepared once a week. AOM 
and DSS were purchased from Sigma-Aldrich (St Louis, MO, USA) and 
MP Biochemicals Inc. (Solon, OH, USA), respectively. PE-Cy™7 CD3e, 
PE CD4, and FITC CD8 and CBA Mouse Th1/Th2/Th17 Cytokine Kit 
were obtained from BD Biosciences (San Diego, CA, USA). Rabbit anti- 
NF-κB p65 and anti-MyD88 antibodies were obtained from Abcam. 
Mouse cytokine/chemokine magnetic bead panel was obtained from 
EMD Millipore (Billerica, MA, USA). TLR4, TRAF6 and β-actin anti-
bodies were obtained from Bio-world (Minnesota, USA).

2.2. Animal treatment

Male CD-1 (ICR) mice (5 weeks old, 20–25 g) were obtained from 
Charles River (Beijing, China). These mice were housed in a specific 
pathogen-free condition and kept in the institute’s animal facility for 1 
week for adaptation. The bedding is SPF-grade corn cob bedding − eight 
mesh size. Mice were randomly divided into five groups (n = 20/group 
and 10 mice per cage), including Blank group, Model group, three 
different dosages δ-tocotrienol groups (Low dose group [50 mg/kg], 
Medium dose group [75 mg/kg], and High dose group [100 mg/kg]) 
(Qian et al., 2021). The CAC mouse model induced by AOM/DSS was 
established based on previous studies (Tanaka et al., 2003; Suzuki et al., 
2005; Neufert et al., 2007). In generating a CAC model, mice were 
intraperitoneally injected with AOM at a concentration of 10 mg/kg 
body weight. Seven days after the AOM injection, the animals were 
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provided with 3 % DSS (w/v) in their drinking water for 1 week, fol-
lowed by a 2-week period of regular water. This cycle of DSS treatment 
(1-week 3 % DSS+2-week water) was repeated for two additional cycles. 
In the 20-week observation period, CD-1 (ICR) mice in the tocotrienol 
groups were administered daily doses of 50, 75, and 100 mg/kg of 
δ-tocotrienol for three days prior to receiving an injection of AOM. The 
blank control group was consistently provided with normal drinking 
water and feed, and was not exposed to AOM, DSS, and tocotrienols. In 
our preliminary experiments, we observed no adverse effects on food 
and water intake in mice due to the tocotrienol supplementation (Qian 
et al., 2021). Daily assessments were performed on the mice to evaluate 
their general health, including the evaluation of coat quality, blood in 
stool, and diarrhea, as well as to ensure the continuous availability of 
food and water. Furthermore, weekly body weight measurements were 
taken to confirm adequate nutritional intake. Animals were euthanized 
using cervical dislocation method.

All animals were euthanized at the end of the study (week 20, 
Table 1). The blood was collected in heparinized-capped vials, and the 
plasma was separated by centrifuging blood at 4000 rpm for 15 min and 
then stored at − 20℃. After the removal, blotting, drying, and weighing, 
the colon and spleen tissues were isolated, and part of the tissues were 
fixed in 10 % formalin. The remaining tissues were immediately stored 
at − 80℃.

The experimental protocol was approved by the Committee on the 
Ethics of animal experiments of the Tianjin Center for Disease Control 
and Prevention. This study was carried out in strict accordance with The 
People’s Republic of China Laboratory Animal Regulations.

2.3. Histological of colon and spleen

Resected mice colon and spleen tissues were fixed in neutral 10 % 
formalin for 48 h at room temperature, dehydrated in ethanol, cleared in 
xylene, and embedded in paraffin. Sections with a thickness of 4 μm 
were stained with hematoxylin and eosin (H&E) and analyzed for tumor 
evaluation and inflammation by pathologists. Resected mice colon and 
spleen tissues were fixed in neutral 10 % formalin for paraffin embed-
ding. Paraffin-embedded sections were cut into 4 μm, deparaffinized, 
rehydrated, and pretreated with 1 % H2O2 solution for the immuno-
histochemical detection of cells positively stained with antibodies 
against MyD88 and NF-κB. Quantification was performed using the 
Image-Pro Plus 6.0 Software (Media Cybernetics, Bethesda, MD, USA) 
for analyzing the protein expression.

2.4. Flow cytometric (FACS) analysis

The peripheral blood was clotted for 2 h at room temperature and 
then centrifuged for 15 min at 1000 × g. The serum was removed, and 
the samples were stored at − 80 ℃. The serum was incubated with the 

mixed capture beads at room temperature for 2 h, which were protected 
from light. Wash buffer was added to the tube and centrifuged at 200 g 
for 5 min. The supernatant was carefully aspirated and then discarded 
from the tube. Wash buffer was added to the tube to resuspend the bead 
pellet. The results were analyzed using FACS Canto II (BD Bioscience, 
Franklin Lakes, NJ, USA) and FACP Array v3.0.

2.5. Mouse Luminex assay

The blood was allowed to clot for at least 30 min before centrifu-
gation for 10 min at 1000 × g. The serum was removed, and assay was 
performed immediately or aliquot and the samples were stored at ≤ −

20℃. Serum samples should be diluted at 1:2 in the assay buffer pro-
vided in the kit. The serum IL-4 and Macrophage Inflammatory Protein 
(MIP) − 1β concentrations were analyzed by Luminex assay according to 
the manufacturer’s suggested instructions.

2.6. Immunohistochemical analysis

After placing the colon in a 10 % formalin fixation solution for 48 h, 
the tissue was sequentially dehydrated, cleared, and wax-impregnated. 
It was then embedded in an automatic biological tissue embedding 
machine with section thicknesses of 4 μm. The tissue sections were 
placed on glass slides and dried at 60℃. The sections were immersed in 
xylene for 5 min each time, for a total of two immersions to achieve 
dewaxing. Subsequently, the sections were sequentially immersed in 
100 % ethanol for 1 min (twice), 95 % ethanol for 1 min (twice), and 80 
% ethanol for 1 min (twice), followed by rinsing with distilled water 1–2 
times and 0.1 M PBS twice. The sections were incubated in 1 % methanol 
hydrogen peroxide at room temperature for 10 min, rinsed once with 
distilled water, and washed with 0.1 M PBS three times, 5 min each. The 
sections were placed in 0.01 M citrate buffer (pH 6.0) and boiled for 
15–20 min, then cooled to room temperature, and washed with 0.1 M 
PBS three times, 5 min each. Goat serum blocking solution was added to 
the sections and incubated at room temperature for 20 min, then the 
excess liquid was discarded. Primary antibodies (Rabbit anti-NF-κB p65, 
anti-MyD88 antibodies, Abcam) were added to the sections and incu-
bated overnight at 4℃, followed by washing with 0.1 M PBS three times, 
5 min each. Biotinylated secondary antibody (Bioworld, Minnesota, 
USA) was added to the sections and incubated at 37℃ for 20 min, then 
washed with 0.1 M PBS three times, 5 min each. The sections were 
treated with S-A/HRP and incubated at 37℃ for 20 min, then washed 
with 0.1 M PBS three times, 5 min each. DAB chromogenic reaction was 
performed, followed by thorough washing to stop the reaction. The cell 
nuclei were counterstained with hematoxylin for 2 min, then thoroughly 
washed, differentiated with 0.5 % hydrochloric acid alcohol for 5 s, and 
rinsed with running tap water for 15 s. After dehydration and clearing, 
the sections were mounted with neutral balsam. The tissue sections were 
observed and recorded under a microscope and analyzed using Image-
ProPlus software.

2.7. Western blot analysis

Retrieve a sample of distal colon tissue and carefully place it into a 
pre-chilled glass homogenizer. Ensure to homogenize the tissue thor-
oughly. Transfer the homogenized liquid to a new EP tube and extract 
proteins by lysing in an ice-water bath. Using the BCA protein assay to 
assess for protein content. Protein samples were combined with SDS- 
PAGE sample loading buffer and subjected to boiling for denaturation 
for a duration of 10 min. Following cooling to room temperature, the 
protein samples were then loaded into the wells of the SDS-PAGE gel for 
electrophoretic separation and subsequent transfer onto a PVDF mem-
brane. The membrane was then immersed in a Western blotting blocking 
solution and incubated on a slow shaker at 37℃ for a minimum of 1 h. 
The samples were then incubated overnight at 4℃ with antibodies 
specific to MyD88 (Abcam), NF-κB (Abcam), TRAF6 (Bioworld), TLR4 

Table 1 
Effects of annatto-tocotrienol on hematochezia and tumor formation in mice.

Groups Hematochezia (%) Tumor formation 
(%)

6th week 9th week 20th week

Blank group 0 (0/20) 
*

0 (0/20) * 0 (0/20) * 0 (0/20) *

Model group 55 (11/ 
20)

68.42 (13/ 
19)

100 (15/ 
15)

100 (15/15)

Low dose group 50 (9/ 
18)

61.11 (11/ 
18) *

75.00 (12/ 
16)

75.00 (12/16)

Medium dose 
group

40 (8/ 
20)

55.00 (11/ 
20) *

76.47 (13/ 
17)

70.59 (12/17)

High dose group 40 (8/ 
20)

50.00 (10/ 
20) *

72.22 (13/ 
18)

44.44 (8/18) *

χ2 16.03 23.28 45.11 41.72
P 0.003 ＜0.001 ＜0.001 ＜0.001

*P<0.05 compared with the Model group.
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(Bioworld), and β-actin (Bioworld). After being washed with TBS-T so-
lution, the secondary antibody (Bioworld) was added, and the samples 
were incubated on a shaker at room temperature for two hours. Chem-
iluminescence was employed for color development. The PVDF mem-
brane, which had been incubated with the secondary antibody and 
washed, was placed in a gel imaging system (Shanghai Tianneng Tech-
nology Co., Ltd., Model: VE-180). The gel imaging system software was 
initiated, the chemiluminescence option was selected, and the mem-
brane was exposed and photographed.

2.8. Statistical analyses

Statistical analyses were performed using SPSS statistics 20.0. 
Qualitative data are presented as rates and composition ratios. To assess 
differences between groups, the chi-square test is employed, and for 
pairwise comparisons within groups. For quantitative data that are 
normally distributed, the mean (X) ± standard (SD) deviation is used for 
representation. Group comparisons are conducted using one-way 
ANOVA, and for post-hoc pairwise comparisons, the Bonferroni 
correction method is applied. Differences in survival between groups 
were compared using the log-rank test, and the differences in body 
weight among groups were compared using repeated-measures ANOVA. 
P<0.05 was considered statically significant. All statistical tests were 
two-sided.

3. Results

3.1. Effects of tocotrienol treatment on colitis and CAC development in 
mice

To assess whether tocotrienol regulates immune function in CAC, we 
treated CD-1 (ICR) mice with AOM and DSS. As shown in Fig. 1A, the 
body weight showed an increasing state in each group, but the differ-
ences among groups were significantly different among all groups 
(P>0.05). No deaths or hematochezia were observed in the control 
group throughout the course of the experiment (Fig. 1B and Table 1). 
Compared with the blank group, the survival rate of model group (25.0 
%) was significantly decreased. Following the experiment, the survival 
rates of the model group, low-dose group, medium-dose group, and 
high-dose group were 51.1 %, 62.9 %, and 60.0 %, respectively 
(Fig. 1B).

Since the 6th week, colonic cancer model groups showed visible 
blood in the stool. The incidence of blood stool in colonic cancer model 
groups was statically significantly increased compared with that in the 
blank group at the 6th, 9th, and 20th week. The incidence of blood stool 
was 68.42 % (13/19) in the model group at the 9th week, and the 
incidence reduced to 61.11 % (11/18), 55 % (11/20), and 50 % (10/20) 
following tocotrienol treatments of 50, 75, and 100 mg/kg⋅ bw, 
respectively (Table 1). The gross examination of colon tissues indicated 
that while typically solid tumors were observed in mice in the model 
group, low dose group, medium dose group, and high dose group after 
20 weeks, the tumor incidences were 100 % (15/15), 75 % (12/16), 
70.59 % (12/17) and 44.44 % (8/18), respectively (Table 1). Compared 

Fig. 1. Effects of annatto-tocotrienol on the body weight and survival in mice. A. Changes of body weight in the mice model for 20 weeks, Repeated measures 
ANOVA. The number of mice is as follows: Blank group, n = 20; Model group, n = 15; Low dose group, n = 16; Medium dose group, n = 17; High dose group, n = 18. 
B Survival curves in mice, Survival analysis. The data are presented as the mean ± SD. *P<0.05 compared with the model group.
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with the model group, the tumor incidence in the high dose group was 
significantly reduced (P<0.05) (Table 1).

AOM/DSS can also significantly increase the organ coefficients of 
colon and spleen, and annatto-tocotrienol treatment decreased these 
organ coefficients (Fig. 2). The H&E staining of colon tissues and spleen 
was performed to analyze the pathology of AOM/DSS- induced colons. 
As shown in Figs. 3 and 4, Model group had adenoma in the distal colon, 
and the size and shape of cells were different. The number of splenic 
nodules was reduced, and the red marrow cells were sparse. Tocotrienol 
treatment inhibited the development of CAC and ameliorated the phe-
nomenon of spleen lesion in mice induced by AOM/DSS treatment. The 
number of spleen nodules in the medium dose group increased slightly, 
the margin area was widened, and the degree of inflammation of the 
colon was minimal. The results demonstrate that tocotrienol can inhibit 
colorectal tumorigenesis induced by AOM/DSS.

3.2. Effects of tocotrienol treatments on IL-6, TNF-α, and IL-10 
production in mice with CAC

To explore the influences of different tocotrienol treatments on 
inflammation cytokine production in CAC mice, we measured the TNF- 
ɑ, IL-6, and IL-10 levels by flow cytometric analysis. Following AOM/ 
DSS treatment, the IL-6 and TNF-α concentrations increased, whereas IL- 
10 levels reduced (Fig. 5). Compared with the model group, the IL-6 
concentration significantly decreased in the blank group, low dose 
group, medium dose group and high dose group (P<0.05, Fig. 5A). 
Compared with the model group, the TNF-α concentration significantly 
decreased in the blank group, low dose group, medium dose group and 
high dose group reduced (P<0.05, Fig. 5B). IL-10 levels were increased 
in blank group, medium dose group and high dose group, compared with 
model group (P<0.05, Fig. 5C). The current studies demonstrate that 
tocotrienol significantly attenuates the serum IL-6 and TNF-α levels that 
are elevated in response to AOM/DSS treatment.

3.3. Effects of tocotrienol treatment on IL-4 and MIP-1β levels in mice 
with CAC

We investigated the levels of IL-4 and MIP-1β in mice treated with 
AOM/DSS. Results showed an increase in MIP-1β levels in the model 
group, whereas the IL-4 level decreased (Fig. 6). Compared with the 
model group, the IL-4 concentration increased in the low dose group, 
medium dose group and high dose group, but the differences were not 
statistically significant (P>0.05, Fig. 6A). Compared with the model 
group, the medium dose and high dose tocotrienol treatments reduced 

the MIP-1β concentration in the serum (Fig. 6B).

3.4. Effects of tocotrienol treatments on MyD88 and NF-κB expression in 
mice

To address the role of TLRs in tumorigenesis and progression in CAC, 
we examined MyD88 and NF-κB protein expression levels by IHC. IHC 
analysis demonstrated that the expression of protein MyD88 was 
significantly elevated in the model group and low dose group compared 
with that in the blank group. Meanwhile, the expression was reduced by 
tocotrienol treatment (Figs. 7 and 9A). IHC analysis demonstrated that 
the protein NF-κB expression was significantly increased in the model 
group and low dose group compared with the blank group. Meanwhile, 
the expression was significantly reduced by tocotrienol treatment 
(Figs. 8 and 9B).

3.5. Tocotrienol down-regulated TLR4/MyD88/NF-κB signaling pathway

We found that tocotrienol inhibited the expression of activated 
TLR4/Myd88/NF-κB signaling pathway proteins such as TLR4, MyD88, 
TRAF6 and NF-kB. Compared with blank group, expressions of TLR4, 
MyD88, TRAF6 and NF-κB increased in model group (P<0.05, Fig. 10). 
The results showed that tocotrienol had different effects on these protein 
expressions in mice with CAC. Compared with model group, expressions 
of TLR4 and MyD88 were decreased in medium dose group and high 
dose group (P<0.05). Compared with model group, expressions of NF-κB 
were decreased in low dose group, medium dose group and high dose 
group (P<0.05). Compared with model group, the expression of TRAF6 
was decreased in high dose group (P<0.05).

Discussion

CAC is a malignancy of the colon that results from IBD (Terzić et al., 
2010). Previous studies on CAC have revealed that blocking the in-
flammatory pathway is not only significantly associated with the pro-
tection against DSS-induced colonic tumors but is also effective in 
preventing CAC in both preclinical and clinical studies (Popivanova 
et al., 2008; Di Martino et al., 2016; Rostom et al., 2007). Nonsteroidal 
anti-inflammatory drugs, as potential chemo-preventive agents for 
colorectal cancer, can reduce the risk of developing colonic tumors 
(Garcia Rodriguez et al., 2013). Nevertheless, long-term use can lead to 
various side effects, including nausea, dyspepsia, and gastrointestinal 
bleeding (Serebruany et al., 2004). Therefore, the discovery and utili-
zation of novel drugs with minimal adverse effects are imperative. In the 

Fig. 2. Effects of annatto-tocotrienol on the organ coefficients in mice. (A) The organ coefficients of spleen in each group. (B) The organ coefficients of colon in each 
group. The data are presented as mean ± SD. Group comparisons were analyzed using ANOVA. Pairwise comparisons were conducted using the Bonferroni method. 
*P<0.05 compared with the model group; **P<0.01 compared with the model group.
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present study, we selected annatto-tocotrienol, a natural compound in 
annatto beans which can significantly inhibit colon cancer initiation and 
suppress colitis-associated tumorigenesis, and we further described its 
underlying mechanisms.

In this study, AOM/DSS induced mouse model of CAC cancer was 
established. This model was used to evaluate the preventive and ther-
apeutic effects of tocotrienol in CRC mice and its regulatory effect on 
TLR4/MyD88/NF-κB pathways. Our results showed that with the in-
crease in modeling time, CD-1 (ICR) mice in the colon cancer model 
group all exhibited visible hematochezia (Table 1), and the mortality 
rate of the mice gradually increased (Fig. 1). This finding is consistent 
with the results of Suzuki et al (Suzuki et al., 2004). At the end of the 
experiment, multiple colon tumors were observed in the mice. Histo-
logical analysis of the colon in the model group revealed varying degrees 
of epithelial cell shedding, loss, glandular destruction, adenomatous 
structures, phosphorylation of epithelial cells in some mice, and infil-
tration of inflammatory cells primarily composed of lymphocytes, 
consistent with the typical pathological changes of inflammation-related 

colon cancer (Fig. 4B). The number of animals in the tocotrienol groups 
exhibiting visible rectal bleeding and mortality was lower than that in 
the model group (Fig. 1). Pathological analysis revealed a reduction in 
the inflammatory response in tocotrienol groups (Fig. 4C-E). Therefore, 
this experiment successfully induced CRC in mice. Although tocotrienol 
increased the survival rate of CRC mice, reduced the number of mice 
with rectal bleeding and tumor formation, inhibited colon weight gain in 
mice with colon cancer, and alleviated the infiltration of inflammatory 
cells in the colon tissue of AOM/DSS-induced mice. However, the 
damage to the colon tissue was still quite severe, which may be related to 
the long duration of modeling or insufficient dosage of tocotrienol.

Studies have shown that the inflammatory microenvironment sur-
rounding intestinal epithelial cells in patients with inflammatory bowel 
disease plays an important role in carcinogenesis and inflammation- 
related epithelial cell damage and repair, which promotes CAC devel-
opment (Saleh and Trinchieri, 2011; Xie et al., 2016). Microbial infec-
tion or tissue injury induces inflammatory responses by activating the 
TLR/MyD88 signaling pathway (Akira et al., 2001).

Fig. 3. Pathological changes of spleen in mice. A) Blank group (400 × ). B) Model group (400 × ). C) Low dose group (400 × ). D) Medium dose group (400 × ). E) 
High dose group (400 × ). The blank group had a smooth tunica serosa. The red and white pulp structures of the spleen were clear, with the red pulp spleenic sinuses 
filled with red blood cells, and there was no increase or decrease in the number of splenic nodules in the white pulp. In the model group: the number of splenic 
nodules decreased, the structure of the nodules and the marginal zone were less clear, and the lymphocytes in the red pulp were sparse. In the low dose group, 
medium dose group and high dose group, the number of splenic nodules, the structure of the splenic nodules, the structure of the marginal zone, and the content of 
lymphocytes in the red pulp tended to improve or recover close to the control group. (For interpretation of the references to color in this figure legend, the reader is 
referred to the web version of this article.)
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TLR4 signaling consist of MyD88-dependent and Myd88- 
independent pathways (Dunne and O’Neill, 2003; Leulier and Lemai-
tre, 2008). TLR4 expression in colitis mice induced by DSS and TNBS is 
significantly increased with the upregulation of NF-κB expression, sug-
gesting that the MyD88/NF-κB pathway plays an important role in IBD. 
Similar phenomena were observed in the human intestinal epithelial 
cells of patients with inflammatory bowel disease. This study obtained 

similar results. The expression of key factors in the TLR4/MyD88/NF-κB 
pathway was examined. Compared to the blank group, the expression 
levels of TLR4, MyD88, TRAF-6, and NF-κB p65 in the colon tissue of the 
AOM/DSS model mice were significantly increased, and after treatment 
with tocotrienol, their expression levels significantly decreased (Figs. 7- 
10). Immunohistochemistry showed that MyD88 was primarily located 
in the cytoplasm (Fig. 7), while NF-κB was mainly located in the nucleus 

Fig. 4. Pathological changes of colon in mice. A) Blank group (100 × ). B) Model group (100 × ). C) Low dose group (100 × ). D) Medium dose group (100 × ). E) 
High dose group (100 × ). E) Blank group (400 × ). F) Model group (400 × ). Under the microscope, the blank group showed that the intestinal glandular epithelial 
cells were arranged in a single layer of columnar cells with normal size and morphology. In the model group, the mice displayed adenomatous structures with 
pseudostratification, loss of cell polarity, inconsistent cell size and morphology, deepened nuclear staining, and other obvious atypical features, involving cases from 
the mucosal layer to the submucosal layer. The tumor formation rate in the model group was 100 %, in the tocotrienol high-dose group was 84 %; in the tocotrienol 
medium-dose group was 88 %; and in the tocotrienol low-dose group was 84 %.
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(Fig. 8).
The abnormal activation of NF-κB can lead to the occurrence and 

development of tumors, such as colon cancer, breast cancer, and pros-
tate cancer. The TLR signaling pathway promotes NF-κB activation by 
TLRs and other microbe-sensitive factors. The activated NF-κB can 
elevate the expression of inflammatory cytokines and induce inflam-
matory responses; subsequently, it contributes to tumorigenesis and 
induces tumor cells to secrete inflammatory cytokines, evades the host 
immune system, and avoids the attack by CTL and NK cells, thereby 
promotes the growth and migration of tumor cells (Szajnik et al., 2009; 
He et al., 2007). Xie et al (Xie et al., 2016) found that the MyD88 in-
hibitor (TJ-M2010-5) treatment significantly inhibits AOM/DSS- 
induced colitis, completely prevents CAC development, suppresses cell 
proliferation, increases apoptosis in colon tissue, and reduces the pro-
duction of inflammatory cytokines and chemokines, as well as the 
infiltration of immune cells in colon tissue. Therefore, the activation of 
TLR/MyD88/NF-κB signaling pathway may be a new potential target for 
tumor development. The intervention of the MyD88-dependent 
signaling pathway to improve the inflammatory response of the im-
mune system plays an important role in the development of tumor. Our 
data shows that annatto-tocotrienol inhibits the activation of MyD88 

and NF-κB and then inhibits CAC development, improves CAC mice 
survival, and provides preclinical evidence of its anticancer effect.

Numerous studies have confirmed that lymphocytes and cytokines 
play a crucial role in the pathogenesis of CAC. In this study, we observed 
that the peripheral blood levels of TNF-α in the model group mice were 
higher than those in the blank group and the tocotrienol intervention 
group (Fig. 5B). TNF-α, secreted by tumors and tumor-associated mac-
rophages, is one of the major inducible mediators involved in inflam-
mation, apoptosis, and immune responses (Fonseca-Camarillo et al., 
2018; Indaram et al., 2000). Boryana et al. demonstrated that TNF-α and 
its receptor TNF-Rp55 are overexpressed in the colon of wild-type mice 
treated with AOM and DSS, while no elevation was observed in trans-
genic mice lacking TNF-Rp55. TNF-α also plays a critical role in the 
pathogenesis of IBD, and TNF receptor (TNFR) expression is upregulated 
in the colonic epithelial cells in patients with ulcerative colitis and 
Crohn’s disease (Tanaka et al., 2003; Popivanova et al., 2008). Thus, 
TNF-α is a crucial mediator in colon cancer initiation and progression.

IL-6 is a cytokine produced by mononuclear macrophages and acti-
vated T lymphocytes; Under normal physiological conditions, serum IL- 
6 levels are typically low. However, in patients with malignant tumors, 
serum IL-6 levels are significantly elevated compared to those in the 

Fig. 5. Effects of annatto-tocotrienol on the IL-6, TNF-α, and IL-10 levels in mice. The IL-6 (A), TNF-α (B), and IL-10 levels in the serum were measured in mice by 
flow cytometry (FACS). Group comparisons were analyzed using ANOVA. Pairwise comparisons were conducted using the Bonferroni method. The data are presented 
as mean ± SD. *P<0.05 compared with the blank group; **P<0.01 compared with the blank group.
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Fig. 6. Effects of annatto-tocotrienol on the IL-4 and MIP-1β levels in mice. The IL-4 (A) and MIP-1β (B) levels in the serum were measured in mice by Luminex assay. 
The data are presented as mean ± SD. Group comparisons were analyzed using ANOVA. Pairwise comparisons were conducted using the Bonferroni method. 
*P<0.05 compared with the blank group; **P<0.01 compared with the blank group.

Fig. 7. MyD88 expression in the colon of mice treated with AOM/DSS or annatto-tocotrienol. MyD88 expression in mice colon in each group was determined by 
immunohistochemistry. Immunohistochemistry showed that MyD88 staining was mainly in the cytoplasm. A–E MyD88 expression in the blank (A, 400 × ), model (B, 
400 × ), low dose group (C, 400 × ), medium dose group (D, 400 × ) and high dose group (E, 400 × ), respectively.
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Fig. 8. NF-κB expression in the colon of mice treated with AOM/DSS or annatto-tocotrienol. NF-κB expression in mice colon in each group was determined by 
immunohistochemistry. Immunohistochemistry showed that NF-κB staining was mainly in the nucleus. A–E NF-κB expression in the blank (A, 400 × ), model (B, 400 
× ), low dose group (C, 400 × ), medium dose group (D, 400 × ) and high dose group (E, 400 × ), respectively.

Fig. 9. MyD88 and NF-κB levels in the mice colon in mice. The total protein was extracted from mouse colon each group. The MyD88 and NF-κB levels were 
measured by IHC. The data are presented as mean ± SD. Group comparisons were analyzed using ANOVA. Pairwise comparisons were conducted using the Bon-
ferroni method. *P<0.05 compared with the Model group; **P<0.01 compared with the Model group.
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control group or patients with non-malignant conditions. Consequently, 
IL-6 has been proposed as a potential biomarker for the diagnosis of both 
inflammatory conditions and malignancies (Okayasu et al., 1996; San-
tiago, 2019; Yang, 2015). Serum and urine IL-6 levels are significantly 
elevated in patients following surgery, burns, spinal cord injuries, and 
infections (Codeluppi et al., 2014). The serum IL-6 level in patients with 
colon cancer was significantly higher compared to healthy individuals, 
and the IL-6 level in patients with advanced colorectal cancer was higher 
than that at an early stage. These results indicate that the expression of 
IL-6 in cancer patients is closely related to tumor size and metastasis; 
Higher plasma IL-6 levels are associated with the prognosis and patho-
genesis of various cancers (Angevin et al., 2014; Munkholm, 2003; 
Murthy et al., 2023; Nagasaki et al., 2014; Scotti et al., 2024). In our 
study, the flow cytometry results showed that the peripheral blood levels 
of IL-6 in AOM/DSS-induced mice were higher than those in the control 
group, while the tocotrienol groups effectively reduced the expression of 
IL-6 (Fig. 5A). This finding is also consistent with the previous studies.

IL-4 is primarily secreted by Th2 cells, mediating inflammatory re-
action caused by eosinophils, clearing extracellular pathogens, and 
participates in allergic reaction, and blocking the expression of IL-1β and 
TNF-α (Brown and Hural, 2017; Harvanová et al., 2023; Katz et al., 
2001). The number of IL-4 secreting cells and the expression of IL-4 
decrease in ulcerative colitis patients (ten Hove et al., 2004). Mittal et 
al (Mittal et al., 2005) found that the IL-4 levels in the ulcerate colitis 
group were significantly lower than that in the control group, the 
severity of colitis correlates negatively with IL-4 expression levels. After 
drug treatment, no significant difference in IL-4 levels was observed 
between the intervention group and the control, potentially due to the 
immune system’s instability during the remission phase. Similar results 
were observed in this experiment, with IL-4 levels in the model group 
lower than in the blank group, and minimal changes noted in the 
annatto-tocotrienol groups (Fig. 6A).

IL-10 is mainly produced by monocytes, macrophages, and Th2 cells, 
acting as a negative regulator, blocking the secretion of chemokines, 
TNF-α, IL-6, and other cytokines, inhibiting the inflammatory responses, 
and regulating the proliferation and differentiation of various immune 
cells (Nagata and Nishiyama, 2021; Ribbons et al., 1997; Rutz and 
Ouyang, 2016). IL-10 (− /-) mice spontaneously develop intestinal 
inflammation characterized by discontinuous transmural lesions, 
thereby affecting both the small and large intestines and the dysregu-
lated production of proinflammatory cytokines (Hurtubise et al., 2019). 
This study demonstrated that treatment with tocotrienol (50, 100 mg/kg 
BW) significantly increased the serum IL-10 level in AOM/DSS-induced 
CRC model group mice (Fig. 5C).

In the present study, a single injection of AOM followed by three 
cycles of DSS resulted in a 100 % incidence of CAC. Annatto-tocotrienol 
treatment inhibited the tumor growth and mortality induced by AOM/ 
DSS, which was accompanied by a reduction of the number of tumor and 
colon shortening. In particular, tocotrienol can prevent the increase in 
spleen and colon organ coefficients (Fig. 2). The histological sections 
stained with H&E revealed that the colonic epithelium of control group 
mice was intact, with well-defined crypt depth, no infiltration of in-
flammatory cells in the mucosa and submucosa, and no ulceration or 
hyperemic edema. In contrast, the massive infiltration of lymphocytes 
was observed in the mucosa and submucosa in the AOM/DSS-induced 
mice, accompanied by dysplastic gland with hyperchromatic nuclei or 
adenomatous hyperplasia in colon epithelium. Additionally, the pleo-
morphism of tumor cells was improved in annatto-tocotrienol treatment 
groups. Our data shown that compared with the AOM/DSS group, the 
expression levels of MyD88 and NF-κB decreased in the annatto- 
tocotrienol groups. Annatto-tocotrienol inhibited CAC development by 
suppressing the activation of TLRs/MyD88 signaling pathway and 
improving the survival of CAC mice. We investigated the roles of 
lymphocyte and cytokines in the development of tumors and the 

Fig. 10. The protein expression of TLR4, MyD88, TRAF6, NF-κB and β-actin in the mice colon in mice. The total protein was extracted from mice colon each group. 
The tissue were examined by western blotting as described in the Materials and Methods section. The data are presented as mean ± SD. Representative images of at 
least three independent experiments are shown. Group comparisons were analyzed using ANOVA. Pairwise comparisons were conducted using the Bonferroni 
method. *P<0.05 compared with the model group; **P<0.01 compared with the model group.
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potential of annatto-tocotrienol and found that higher serum cytokine 
(TNF-α and IL-6) levels were detected. The colon tissue exhibited infil-
tration of lymphocyte. Additionally, we observed decreased serum 
cytokine levels, including IL-4 and IL-10. These observations suggest 
that these cytokines are implicated in the tumorigenesis of AOM/DSS- 
induced colon tumors in mice. Treatment with annatto-tocotrienol 
significantly reduced the levels of inflammatory cytokines in the 
serum of CAC mice, and inhibited the infiltration of the immune cells in 
the CAC mice colon. In conclusion, annatto-tocotrienol displays anti- 
inflammation and anti-tumorigenic activity by modulating 
inflammation-related immune cells and cytokines, and TLRs/MyD88 
signaling pathway plays a critical role in CAC development. However, 
given the AOM/DSS-induced tumor model, it is essential to investigate 
the anti-tumorigenic effects of annatto-tocotrienol in clinical studies.
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