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INTRODUCTION

Colon cancer is an abnormal cell growth that usually 

occurs in glandular epithelial cells of the large intestine and is 

known as colorectal adenocarcinoma. Colon cancer develops 

when certain cells in the epithelial tissue undergo a series of 

genetic or epigenetic mutations, providing opportunities for 

these cells to grow [1]. These genetic diseases, which can be 

modified by lifestyle, personal features, and inheritance, can 

raise the risk of colon cancer [2]. Colon cancer that occurs 

genetically has hundreds of mutations in different genes, but 

the number of mutated genes that promote the development of 

carcinogenesis is still limited.

Colon cancer is a health problem with a high risk 

of death worldwide [3]. According to the report of the World 

Health Organization of the Internal Agency for Research on 

Cancer, colon cancer ranks as the third most diagnosed cancer 

in 2020 (10.1%) and the second leading cause of death in the 

world (9.39%) [4]. In 2022, colon cancer accounted for 1.918 

million cases in the world and is expected to continue to 

increase to 3.2 million cases in 2040 [5,6]. Meanwhile, Asia 

carries the highest colon cancer burden, with more than half 

of cases leading to death [6]. In Indonesia, colorectal cancer 
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ABSTRACT

Clofazimine can suppress tumor growth both in vitro and in vivo, making it a potential anticancer candidate. 

However, until now, the molecular mechanism of clofazimine in inhibiting cancer is not fully known. This study aims 

to analyze the possible mechanism of clofazimine in attenuating colitis-associated colon cancer (CAC)  observed in 

the wnt/β-catenin signaling pathway. This study used male Balb/c (n = 36) mice which were randomly divided into 

six groups: normal control, negative control, curative group [dose of 0.2, 0.4, and 0.8 mg/20 g body weight (BW), 

respectively], and preventive group dose of 0.4 mg/day 20 g BB. Azoxymethane and dextran sodium sulfate (AOM/

DSS) were used to induce colitis-related colon cancer. The enzyme-linked immunosorbent assay (ELISA) approach 

was used to assess the expression levels of caspase-3 and IL-1. H&E staining was used for histological investigation, 

followed by immunohistochemistry for catenin and axin-2 expression. The ELISA analysis showed that the curative 

dose of clofazimine 0.8 mg/20 g BW had lower IL-1β, β-catenin, axin-2, and caspase-3 expression compared to the 
AOM/DSS group. Histological analysis showed that clofazimine attenuates the inflammatory score compared to 
the AOM/DSS-only group. The best damage score reduction occurred in the curative dose group of 0.8 mg/kg BW 

and the preventive dose of 0.4 mg/20 g BW. The protein expression of β-catenin and axin-2 showed that the AOM/
DSS-induced group had higher expression than the normal group. Decreased expression of both proteins was seen 

in a curative dose of clofazimine 0.8 mg/kg BW. Our study indicated that clofazimine has the potential to inhibit the 

growth of CAC in part through attenuation of the β-catenin signaling pathway, which includes attenuation of IL-1β, 
β-catenin, and axin-2 expression, followed with improvement in tissue damage. 
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The Rabbit primary antibody β-catenin 1:50–1:200 (Cat. No. 
A19657) was purchased from ABClonal technology. The 

rabbit primary antibody axin-2 100 µl (Cat. No.bs-5717R) 

was purchased from USA Bioss Antibodies. The horseradish 

peroxidase (HRP)-conjugated secondary antibody 3 mg/ml 

bovine serum albumin (goat anti-rabbit IgG; Cat. No. FNSA-

0001) was purchased from Fine Test.

Animal and treatment

36 BALB/C mice (30 ± 2 g; 7–8 weeks old) were 
procured from the Bio Farma Laboratory Animal Center in 

Bandung, Indonesia. Mice were acclimatized for 2 weeks at 

the Animal House, Department of Pharmacy, University of 

Indonesia. Six groups of six mice each were formed from the 

mice: azoxymethane and DSS (AOM-DSS) group, mice treated 

with curative clofazimine at the following doses 0.2, 0.4, and 

0.8 mg/20 g body weight (BW) group, and mice treated with 

preventive clofazimine dose 0.4 mg/20 g BW group. Health 

Research Ethics Committee—Faculty of Medicine Universitas 

Indonesia and Cipto Mangunkusumo Hospital authorized all 

experimental animal protocols [25].

All groups of mice except the normal control group 

were treated with 7.5 mg/kg AOM via intraperitoneal injection. 

After 7 days, mice were given 2% DSS drinking water for 5 days 

plus regular drinking water for 16 days in one of three cycles of 

DSS to induce colorectal tumors. Mice in the preventive group 

were treated with 0.4 mg/20 g BW clofazimine in the second 

week or when the first 2% DSS cycle started. Meanwhile, 
mice in the curative groups were treated with 0.2, 0.4, and 0.8 

mg/20 g BW clofazimine in the ninth week. The CAC induction 

process lasted for 12 weeks.

Isolate colon tissue process

The isolation was initiated by dissecting the abdomen 

to identify the cecum. Subsequently, the proximal colon was 

isolated by making a distal cut. The distal colon, including the 

anus, was removed by cutting through the pelvis. The colon 

was flushed with phosphate-buffered saline (PBS) using a 
10 ml syringe and placed lengthwise on the Whatman paper. 

Along the proximal-distal axis, the colon was longitudinally cut 

for 10 cm. For IHC analysis, the tissue was preserved in 10% 

formal saline, subjected to tissue processing, and embedded 

in paraffin blocks. The colon tissue was stored at −80°C for 
ELISA examination until it was used.

Conduct an ELISA analysis

The manufacturer’s instructions carried out the 

analysis. Total protein was extracted by centrifuging 1 g 

of homogenate tissue with 9 ml PBS at 5,000 × g for 5 

minutes at 4°C. 300 μl sample solution was mixed with 300 
μl dilution buffer and vortexed for 5 seconds. Enter 100 μl 
of the mixed solution into the well according to the sample 

group. Each sample group carried out three repetitions (triple). 

Then incubated for 90 minutes while closed at 37°C. The 
plate was washed by wash buffet twice, then 100 µl biotin 

antibodies were added to each well, and the well was incubated 

for 60 minutes in a closed condition at 37°C. The plates were 
washed with wash buffer for 1–2 minutes three times, 100 μl 

(CRC) ranks second (among males and females), with an 

addition of 396,914 new cases reported in 2020 based on Global 

Cancer Statistics (GLOBOCAN) data [7,8]. GLOBOCAN 2020 

is an online database that provides incidence and mortality of 

global cancer statistics for 36 forms of cancer and all cancer 

sites combined in 185 countries. The data are part of the Global 

Cancer Observatory of IARCs and are available online at Cancer 

Today, users may create maps and explore visualizations.

The high number of cases and deaths from colon cancer 

is due to inadequate initial screening and ineffective treatment 

[9]. The common treatments for this disease are surgery and 

chemotherapy. Chemotherapy risks harmful side effects for 

patients, such as nausea, weakness, hair loss, vomiting, loss of 

appetite, weight loss, insomnia, skin discoloration, headache, 

and fever [10]. Currently, the available targeted drugs are 

limited to growth factors such as the epidermal growth factor 

receptor signaling pathways, vascular endothelial growth factor, 

and immune checkpoint inhibitors [11].

Regarding the pathophysiological mechanism, 90% 

of colon cancer occur due to mutations in the adenomatous 

polyposis coli (APC) gene, which is about 85% [12,13]. APC 

gene mutation causes constitutive activation of the Wnt/β-
catenin signaling pathway. The wnt/β-catenin signaling pathway 
is needed for the differentiation and proliferation of the cells 

during fetal development and for maintaining homeostasis due 

to the body’s response to the outside environment after birth 

[14]. Interestingly, the pathway is activated only when needed 

according to network requirements and will be resting when not 

required. Meanwhile, under pathological conditions, especially 

during cancer development, activation of the wnt/β-catenin 
signaling pathway will continue in the cytoplasm [15,16]. This 

is thought to be due to mutations in axin-2, which cause failure 

to convey negative feedback or through other mechanisms that 

have not yet been explained [17,18].

Clofazimine is a lipophilic riminophenazine used for 

multidrug-resistant tuberculosis [19,20]. Recent studies have 

shown to suppress cell growth in breast cancer [21,22]. In vitro 

studies reported that clofazimine can inhibit the Wnt/β-catenin 
pathway in triple-negative breast cancer (TNBC) cell panels, 

hepatocellular, colorectal, and ovarian cancer cell line panels 

[23]. In vivo, clofazimine efficiently suppresses breast cancer 
growth by transducing Wnt signals in xenograft mice [24,25]. 

However, until now, the effects and mechanisms of clofazimine 

in colon cancer are not clearly understood. In this study, we 

aimed to determine the effect of clofazimine on the growth 

of colitis-associated colon cancer (CAC) and its possible 

mechanism, which is suggested through wnt/β-catenin.

MATERIALS AND METHOD

Reagent and chemicals

Azoxymethane 13.4 M, ≥98% (Cat. No. A5486 ), 
dextran sulfate sodium (DSS) Mr ~40,000 (Cat. No. 42867-

25G), and clofazimine molecular weight: 473.40 (Cat. No. 

C8895-1G) were purchased from Sigma–Aldrich; Merck. The 
interleukin-1β (IL-1β) enzyme-linked immunosorbent assay 

(ELISA) kit 96T (Cat. No. EH0185) and Caspase-3 ELISA 

kit 96T (Cat. No. EH0546) were purchased from Fine Test. 
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HRP-streptavidin conjugated was added into each well, and 

then the well was incubated for 30 minutes at 37°C in a closed 
state. The plate was washed with wash buffer five times, then 
90 µl of 3,3’,5,5’-tetramethylbenzidine substrate was added to 

each well, and then the well was incubated for 10–20 minutes 
at 37°C. Finally, the incubation can be stopped when the blue 
discoloration is maximized, then 50 µl stop solution is added, 

and the color will change to yellow. Then, the results were read 

with an ELISA Reader (Biochrom EZ) at a wavelength of 450 

nm.

The system analyzes and scores hematoxylin and eosin

The colon tissue was processed and stained 

hematoxylin-eosin as previously described. The colon that had 

been fixed with 10% formalin was embedded in paraffin using 
an Excelsior/Citadel 200 automatic machine (DP Elcelsior, DP 

Citadel 200) and tissue embedding (DP Embedding Center) 

with histoplast and then frozen on a cold plate (DP cold plate). 

The paraffin block was cut to a thickness of 4–5 μm and placed 
on the kada slide. The sections to be analyzed were stained with 

hematoxylin and eosin [26]. 

The criteria for scoring tissue damage were observed 

in five visual fields at 40× magnification. Scoring criteria based 
on the features of inflammatory cell infiltration, degree/extent 
of inflammation, and crypt damage with scores refer to Cui 
et al. [27] summarized in Table 1.

Immunohistochemical

The protein expression of β-catenin and axin-2 was 
assessed by immunohistochemistry. The paraffin-embedded 
sample was cut 3 μm then deparaffinized with Xylol for 
5 minutes. Samples were rehydrated with alcohol for 4 

minutes. Samples were washed and blocked with peroxide for 

10 minutes. Incubate samples with primary antibody (β-catenin 
or axin-2) for 60 minutes and wash with PBS pH 7.4 for 

4 minutes. UltraTek Anti-Polyvalent incubates the sample for 

10 minutes, and PBS pH 7 washes it for 4 minutes. The samples 

were incubated with UltraTek HRP for 10 minutes, and then the 

slides were washed with PBS pH 7.4 for 4 minutes. The sample 

was incubated with 3,3’-diaminobenzidine substrate secondary 

antibody for 1–5 minutes, and then the slides were washed with 
running water. The slides were stained with hematoxylin for 1–2 
minutes, the sample was washed with running water, and the 

bluing reagent was added. Finally, the slides were dehydrated 

with graded alcohol for 4 minutes, cleared with xylol, and then 

covered with a cover glass. 

Evaluate statistically of data

ELISA data were presented as mean ± SEM and tissue 

damage level data as median values. A one-way analysis of 

variance (ANOVA) test and a nonparametric test carried out the 

process of statistical analysis. The ANOVA test is considered 

to have a significant difference if the p-value < 0.05. After the 

ANOVA test, it is continued with the Dunnett post-hoc test to 

compare the sample means with the normal and AOM-DSS 

groups.

RESULTS

The effect of clofazimine on BW in mice-induced CAC

Weight loss occurred in the AOM/DSS induced 

group compared to the normal group, where until the last 

week of treatment, the animal weight in the AOM/DSS group 

still decreased by around 0.03%. While in the group that was 

given clofazimine curatively (dose of 0.2, 0.4, and 0.8 mg/20 g  

BW) and preventively showed that the percentage of BW began 

to increase from the 9th to 12th weeks. Figure 1b shows a 

fluctuating pattern, meaning that the mice in each group show 
weight loss and gain. At the time of acclimatization, the mice’s 

BW was 25–30 g. The AOM/DSS group showed greater relative 
weight loss than the other groups, namely at weeks 2, 6, 8, 10, 

and 12. Overall, weight loss occurred when the DSS cycle was 

given, namely at weeks 2, 5, and 8. ANOVA statistical analysis 

showed a p-value > 0.05, meaning that there was no significant 
difference between the relative weight of mice in each treatment 

group.

The effect of clofazimine on survival probability in  

mice-induced CAC

In addition to weight loss, AOM/DSS can cause death 

in animal models. This mortality rate will continue to increase 

as the cycle of induction with DSS. The data of this study also 

showed that the number of animals that died in the group that 

was given AOM/DSS alone was more prominent than the group 

that AOM/DSS + clofazimine induced.

Survival studies revealed a substantial difference in 

survival time between treatment groups. Figure 1d shows that 

the AOM/DSS + clofazimine group preventively survived 

100% with a survival value of 1. Meanwhile, the AOM/DSS-

only group showed a curve that decreased during the experiment 

days. The group that was given clofazimine as a curative 

showed a lower survival value than the preventive group. Thus, 

the preventive administration of clofazimine showed a greater 

effect on increasing mice survival rate than the curative group. 

Table 1. Scoring criteria for the extent of colon tissue damage.

Pathology features Score Visible in colon

Inflammatory cell 

infiltration

0 No damage (normal)

1 <25%

2 25%–50%

3 >50%

Inflammation extent 0 No damage (normal)

1 Mucosa

2 Mucosa and submucosa

3 Transmural

Crypts damage 0 No damage (normal)

1 ½ basal

2 ⅔ basal

3 crypt shape changes, normal epithelial 

surface

4 The crypts and surface epithelium are 

lost.
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Effect of clofazimine on colon weight in mice-induced CAC

Compared to the normal control group, macroscopic 

observation of the colon tissue showed a difference in the 

colon’s wall. The mice induced by AOM/DSS alone showed 

wall thickening and higher colon weight (Fig. 2a). In mice that 

were not treated (control), the large intestine walls tended to be 

thinner and break more easily if pulled; their weight was also 

lower. In contrast to the group treated with clofazimine, the wall 

of the colon was not too thick and even tended to be similar 

to the normal colon (especially the curative dose group of 0.8 

mg/20 g BW and preventive), but the colon weight was lower 

than the untreated group.

Figure 2a shows the difference in the weight of the 

colon for each group. The colon weight of AOM/DSS-induced 

mice has increased almost twice compared to the normal group. 

The colon weight in the group receiving clofazimine was lower 

than in the AOM/DSS induction group alone. Of the three 

curative dose groups and one preventive group, it was shown 

that the doses of 0.4 and 0.8 mg/20 g BW and the preventive 

dose showed that colon weight was the closest to normal, 

although there were no significant differences between the 
groups dose three and others doses. 

Clofazimine decreases Il-1β expression in mice-induced CAC
IL-1β is an activating cytokine from the IL-1β family 

[28]. The results of this study showed that the AOM/DSS-

induced group had higher IL-1β concentration compared to 
the normal control group and the AOM/DSS + clofazimine 

group (Fig. 2b). The results of this study also indicated that the 

greater the dose of clofazimine, the lower the concentration 

of IL-1β. In this study, the results showed that the AOM/DSS 
induction group had higher concentrations of IL-1β (mean + 
SEM) when compared to the normal control group (mean + 

SEM), p = <0.001. Clofazimine administration significantly 
decreased IL-1β expression (mean ± SEM), p = <0.001. The 

decrease in IL-1β expression levels varied in each dose group 
and administration method (curative and preventive). In the 

curative dose group, administration of clofazimine at a dose of 

0.8 mg/20 g BW had lower concentrations of IL-1β than other 
curative doses and a very significant difference in concentration 
compared to the group induced only by AOM/DSS (mean ± 

SEM), p = <0.001. Meanwhile, in the preventive dose group, 

the lowest concentration of IL-1β was obtained among all 
treatment groups, and this concentration had a very significant 
difference compared to the AOM/DSS group (mean ± SEM), 

p = <0.001. The results of this study indicated that administration 

of clofazimine at a dose of 0.8 mg/20 g BW for AOM/DSS 

induction had the lowest IL-1β concentration compared to 
doses of 0.4 and 0.2 mg/20 g BW. 

Effect of clofazimine on caspase-3 expression in mice-induced 

CAC

In this study, the concentration of caspase-3 was 

analyzed using the ELISA method to determine its expression 

level in the colon tissue of experimental animals. This study 

showed that the concentration of caspase-3 protein in the colon 

tissue of the AOM/DSS-induced group alone was lower than 

that of the normal control group. Meanwhile, the concentration 

of caspase-3 in the group induced by AOM/DSS accompanied 

by clofazimine at a dose of 0.2 mg/20 g BW showed lower 

caspase-3 concentration than doses of 0.4, 0.8 mg/20 g BW, 

and preventive doses. However, greater than the AOM/DSS-

induced group only (Fig. 2c). In this study, statistical analysis 

using ANOVA revealed that the concentration caspase-3 in each 

group differed significantly. The concentration of caspase-3, 
which was almost close to the normal group, was obtained in 

Figure 1. Physical and colon changes of mice after induction. (a) Treatment process; (b) BW change; (c) colon shape difference; and (d) 

survival rate. Normal = no treatment; AOM/DSS = induction group without clofazimine; CD1 = curative dose of 0.2 mg/kg BW; CD2 = 

curative dose of 0.4 mg/kg BW; CD3 = curative dose 0.8 mg/kg BW; and PD = preventive dose of 0.4 mg/kg BW.
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induction group had the highest score (Fig. 2d). Administration 

of clofazimine to the AOM/DSS induction showed a lower 

damage effect (score) than the AOM/DSS induction group 

alone. Curative administration of clofazimine at a dose of 

0.8 mg/20 g BW showed a minimal damage score close to 

the normal score. However, tissue damage in the group given 

clofazimine preventively at a dose of 0.4 mg/20 g BW had a 

better score than the curative dose of 0.8 mg/20 g BW.

Effects of clofazimine on β-catenin expression in  
mice-induced-CAC

The expression of β-catenin in colon tissue is shown 
in Figure 4a. This study examined the control for positive 

expression of β-catenin protein in colon cancer tissue. The 
brown color in the expressed β-catenin antibody indicates 
positive expression results. Meanwhile, on negative control 

slides that were not given primary antibodies, no brown color 

was found, which means no β-catenin expression was found 
(Fig. 4a). Based on descriptive observations, it appears that 

the expression of β-catenin was found to be thicker/darker 
in intensity in colon tissue induced by AOM/DSS without 

clofazimine. β-catenin expression appears localized in the 
cell membrane, cytoplasm, and nucleus. Administration of 

clofazimine to experimental animals induced by AOM/DSS 

showed a reduction in the intensity of the brown color with 

increasing dose and duration of treatment.

Meanwhile, the IHC results were quantified using 
ImageJ software by reading the percentage of brown color 

on each slide. Based on ANOVA analysis showed that there 

was a significant difference in the percentage expression of 
β-catenin protein between the AOM/DSS group, normal, and 
those treated with clofazimine with p <0.001 (Fig. 5). Based on 

the quantification method, the decrease in β-catenin expression 
showed the best expression in the curative dose group of 

0.8 mg/kg BW.

Effects of clofazimine on axin-2 expression in mice-induced CAC

The positive control for axin-2 protein expression was 

examined in the brain (cerebellum) tissue. Positive expression 

results are indicated by the brown color of the axin-2 antibody 

the curative dose group of 0.8 mg/20 g BW and the preventive 

group of 0.4 mg/20 g BW, this shows that there is a dose-

dependent trend, which shows that an increase will follow 

the greater dose of clofazimine in caspase-3 concentration 

close to the normal group. In this study, the administration of 

clofazimine at a higher curative dose of 0.8 mg/20 BW showed 

a higher concentration of caspase-3 in experimental animals 

induced by AOM/DSS. 

Effects of clofazimine on CAC-induced tissue damage 

Based on histological analysis, this study’s AOM/DSS 

model has not yet caused the cancer appearance. However, 

the inflammatory process followed by the changes in mucosa 
and sub-mucosa layers was prominently seen. The histological 

changes were quantified, and the scoring system was used. The 
level of tissue damage to the colon tissue in the group that was 

given AOM/DSS alone showed the highest degree of damage 

score (score 6). The inflammatory process mainly characterizes 
this damage as depicted by the inflammatory cell infiltration, 
inflammation extending to the submucosa layer, and minor crypt 
changes with goblet cells that appear full of mucin (Fig. 3). 

However, the AOM/DSS induction did not induce 

aberrant crypt foci, dysplasia, or carcinoma in the colon tissue 

(Fig. 3). Thus, it is more likely as colitis induced by AOM/

DSS. The results showed that the colon tissue in the normal 

control group had the lowest damage score, and the AOM/DSS 

Figure 2. Histological analysis and ELISA. (a) Colon weight; (b) IL-1β 
concentration; (c) caspase-3 concentration; and (d) histopathological scoring 

to quantify the affected tissues. Normal = no treatment; AOM/DSS = induction 

group without clofazimine; CD1 = curative dose of 0.2 mg/kg BW; CD2 = 

curative dose of 0.4 mg/kg BW; CD3 = curative dose 0.8 mg/kg BW; and PD = 

preventive dose of 0.4 mg/kg BW.

Figure 3. Histological features of the colon (H&E). Normal = no treatment; 

AOM/DSS = induction group without clofazimine; CD1 = curative dose of 0.2 

mg/kg BW; CD2 = curative dose of 0.4 mg/kg BW; CD3 = curative dose 0.8 

mg/kg BW; and PD = preventive dose of 0.4 mg/kg BW.



076 Ridwan et al. / Journal of Applied Pharmaceutical Science 14 (03); 2024: 071-080

expressed on neuron cells. On negative control slides that were 

not given primary antibodies, no brown color or axin-2 expression 

was found. Figure 4b represents the results of examining the 

axin-2 protein detected in the cytoplasm of the epithelial cells 

of the colon mucosa. Axin-2 expression, marked in brown, 

can be found in all study groups. The results of descriptive 

observations showed that the intensity of the brown color in the 

normal group was relatively lower in intensity compared to the 

AOM/DSS group. Meanwhile, the group curatively treated with 

clofazimine showed lower color intensity as the dose increased. 

The group given clofazimine showed preventive action and had 

almost the same color intensity as the normal group.

IHC results were quantified using the ImageJ device 
and analyzed for the percentage of axin-2 protein expression 

marked brown on each slide. Based on the ANOVA test, the 

results revealed that there were substantial differences in the 

proportion of axin-2 protein expression between the normal, 

AOM/DSS, and clofazimine groups (Fig. 5). The result showed 

that the best administration of clofazimine to decrease in axin-2 

expression was in the curative dose group of 0.8 mg/kg BW and 

the preventive dose of 0.4 mg/kg BW.

DISCUSSION

This study aimed to analyze the possible mechanism 

of clofazimine in attenuating colon cancer associated with 

colitis observed in the wnt/β-catenin signaling pathway using 
the AOM/DSS induction model in mice. The colon cancer 

model with the AOM/DSS combination is known as a model 

that can trigger cancer development in about 10 weeks [21]. 

This can be very helpful in observing the pathophysiology 

of colon cancer due to the relatively short induction time 

compared to human cases. But at the same time, it is a 

challenge for researchers to keep the animals alive until the 

end of the modeling and treatment process. In this study, all 

animals were observed for their BW and movement activity 

development during model making. BW is measured daily 

during the induction process and once every 2–3 days after 
the induction is stopped. Based on the observations in this 

study, the animals induced by AOM/DSS experienced more 

frequent weight loss than the normal and preventive groups 

given clofazimine. AOM/DSS-induced weight loss in animals 

follows the model previous researchers made. The research by 

Parang et al. [29] explained that during the induction process, 

experimental animals should be weighed every day because 

there will be a 10%–20% weight loss. The test animals’ BW 
will return 2–3 days after the induction cycle is stopped 
[21,24,25]. Statements in previous studies follow the results 

of observations of animal BW in this study, which showed 

graphical fluctuations of BW loss when the DSS cycle begins 
and increases again when the DSS cycle is stopped.

In addition to weight loss, AOM/DSS can cause 

death in animal models. This is evidenced by the results of 

observations during research where animals induced by AOM 

could be in a critical period and even die within 12–72 hours 
[21]. This mortality rate will continue to increase as the cycle 

of induction with DSS. The data of this study also showed 

that the number of animals that died in the group that was 

given AOM/DSS alone was more than the normal animal 

Figure 4. The expression of β-catenin and axin-2 in each colon tissue 
using 40×. (a) β-catenin immunohistochemistry staining and (b) axin-2 
immunohistochemistry staining. Normal = no treatment; AOM/DSS = induction 

group without clofazimine; CD1 = curative dose of 0.2 mg/kg BW; CD2 = 

curative dose of 0.4 mg/kg BW; CD3 = curative dose 0.8 mg/kg BW; and PD = 

preventive dose of 0.4 mg/kg BW.

Figure 5. IHC analysis of β-catenin and axin-2 expression level. Normal = no 
treatment; AOM/DSS = induction group without clofazimine; CD1 = curative 

dose of 0.2 mg/kg BW; CD2 = curative dose of 0.4 mg/kg BW; CD3 = curative 

dose 0.8 mg/kg BW; and PD = preventive dose of 0.4 mg/kg BW.
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Chronic inflammatory triggers cause high IL-1β 
expression in colon tissue through the administration of DSS. 

Activated IL-1β can increase the expression of miR-181a, 
thereby inhibiting the expression of phosphatase and tensin 

homolog and triggering the growth of colon cancer [28]. Other 

research has found that IL-1 can promote colon tumor growth 

and invasion by activating the self-renewal of cancer stem 

cells, epithelial-mesenchymal transition, and zinc finger protein 
E-box binding homeobox-1 (Zeb1) [29]. In addition, several 

studies have also shown that IL-1β can increase the proliferative 
process in colon cancer cells, trigger tumorigenesis, and mature 

the tumor microenvironment [31,33]. In line with that, Li  et al. 

[34] explained that IL-1β was expressed more fully in phase 
2 colon cancer patients. Other studies found large amounts of 

IL-1β detected APC colon cancer models. The results of this 
study indicated that administration of clofazimine at a dose of 

0.8 mg/20 g BW for AOM/DSS induction had the lowest IL-

1β expression level compared to doses of 0.4 and 0.2 mg/20 g 
BW. If converted to a human dose, the 0.8 mg/20 g dose is 300 

mg, which is still a safe therapeutic dose. This result suggests 

that clofazimine can limit cancer formation by reducing IL-1 

expression. The 0.8 mg/20 g dose is 300 mg when translated 

to a human dose, which is still a safe therapeutic dose. This 

result suggests that clofazimine can limit cancer formation by 

reducing IL-1 expression. 

Caspase-3 belongs to the cysteine-aspartic acid 

protease (Caspase) family and is a key execution protein 

in proteolytic breakdown during apoptosis. Procaspase-3 

is dormant until it is transformed into the active form of 

caspase-3 through the proteolytic process of aspartate residues. 

Caspase-8, caspase-9, or caspase-10 activate the conversion 

process of procaspase-3 to caspase-3. These proteolytic 

events are responsible for apoptotic events, including nuclear 

condensation, DNA fragmentation, and plasma membrane 

blebbing [35]. Apoptosis is essential for maintaining cellular 

homeostasis and eliminating damaged cells [32]. Thus, faulty 

regulation of caspases and apoptosis underlies the pathogenesis 

of many human diseases, including cancer [36,37]. This study 

showed that the expression level of caspase-3 protein in the 

colon tissue of the AOM/DSS-induced group alone was lower 

than that of the normal control group.

Meanwhile, the expression level of caspase-3 in the 

group induced by AOM/DSS accompanied by clofazimine at 

a dose of 0.2 mg/20 g BW showed lower caspase-3 expression 

levels than doses of 0.4, 0.8 mg/20 g BW, and preventive doses, 

but greater than the AOM/DSS induced group only. Caspase-3 

activation in normal colon tissue physiologically occurs 

to trigger intrinsic apoptosis, also known as mitochondrial 

apoptosis [36]. This pathway is activated due to cellular stresses, 

including growth factor deficiency, cytoskeletal disorders, DNA 
damage, accumulation of unfolded proteins, hypoxia, and other 

factors [38,39]. Meanwhile, in colon cancer tissue, caspase-3 

activation is inhibited so that apoptotic cell death does not occur 

and causes cancer tissue to develop. Gastric cancer patients with 

Caspase-3 expression exhibited a reduced recurrence rate than 

those without Caspase-3 expression in a prior study by Huang 

et al. [40]. In hepatocellular carcinoma, it was shown that 

patients with low Caspase-3 expression had a higher recurrence 

group and the group that AOM/DSS + clofazimine induced. 

Survival studies revealed a substantial difference in survival 

time between the therapy groups. Our result showed that the 

colon cancer model of male balb/c mice given clofazimine 

showed preventive effect and survived 100% with a survival 

value of 1.

Meanwhile, mice given AOM/DSS without being 

treated with clofazimine showed a curve that continued to 

decrease. The group given clofazimine showed a curative 

effect and had a lower survival value than the preventive group. 

Thus, the preventive administration of clofazimine showed a 

greater effect on increasing survival than the curative group. 

This is consistent with the study of Zaccagnino et al. [30], who 

reported that clofazimine could reduce the viability of cancer 

cells in the PDAC pathway containing p53 mutations.

Macroscopic observation of the colon tissue of mice 

induced by AOM/DSS showed no significant tumor lesions 
compared to the normal control group. The difference lies in the 

colon wall, whereas in the group of mice induced by AOM/DSS 

alone, wall thickening and higher colon weight. In mice that 

were not treated (control), the large intestine walls tended to be 

thinner and break more easily if pulled; their weight was also 

lower. In contrast to the group treated with clofazimine, the colon 

wall was not too thick and tended to be similar to the normal 

colon (especially the curative dose of 0.8 mg/20 g BW and 

preventive), but the colon weight was lower than the untreated 

group. The colon weight of mice induced by CAC using AOM/

DSS increased almost twice that of the normal mouse colon. The 

colon weight in the group receiving clofazimine was lower than 

in the AOM/DSS induction group alone. Of the three curative 

dose groups and one preventive group, it was shown that the 

doses of 0.4 and 0.8 mg/20 g BW, as well as the preventive dose 

for heavy colon were the closest to normal, although there were 

no significant differences between the three. These findings are 
comparable to those of a recent study by Schepelmann et al. 

[31], who observed the same parameters and found that the 

colon weight of Balb/c mice produced by AOM/DSS was larger 

than that of untreated controls. 

One of the signs of the formation of colitis that 

leads to colon cancer is an increase in the level of IL-1β and 
caspase-3. IL-1β is an activating cytokine from the IL-1β 
family, which is known as the pro-inflammatory cytokine [22]. 

IL-1β induces downstream signaling cascades and transcription 
of many genes, including inflammatory pathways and the 
immune system [23]. This study showed that the AOM/DSS-

induced group had higher IL-1β concentration than the normal 
control group and the AOM/DSS + clofazimine group. The 

results of this study also indicated that the greater the dose of 

clofazimine, the lower the expression level of IL-1β. Therefore, 
the mechanism of clofazimine may be anticancer through its 

suppressive effect on IL-1β expression. As a pro-inflammatory 
protein, IL-1β is known to promote cancer development. So, 
if its expression is suppressed or inhibited, it can reduce the 

development of existing cancer. Research by Zhang and 

Veeramachaneni [32] reported that inhibition of IL-1β by 
Canakinumab administration may reduce the occurrence of 

lung cancer in cancer patients.
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expression level, while in tumor cells, β-Catenin is detected 
in the membrane, nucleus, and cytoplasm. The presence of 

β-catenin in the nucleus is a marker of excessive activation of the 
Wnt signaling pathway, leading to the formation of colon cancer 

[43,46,48,49]. This finding was confirmed by quantitative data 
analyzed using ImageJ software, where the percentage of brown 

areas was more visible in the AOM/DSS-induced group than in 

the other groups. Administration of clofazimine at a curative 

dose of 0.8 mg/20 g BW and a preventive dose of 0.4 mg/20 g 

BW showed a significant reduction in the percentage of brown 
areas. This indicates that the higher the dose of clofazimine, the 

less faded the brown color will be. Thus, clofazimine shows its 

potential as a drug that can inhibit signaling in the Wnt pathway 

by inhibiting β-catenin expression.
Axis inhibitor protein-2 (axin-2) is a destruction 

complex that provides negative feedback and controls signaling 

of the wnt/β-catenin pathway. Expression of axin-2 in colon 
tissue is one of the markers of tumor development. This is 

associated with the finding that in colon cancer cells, mutations 
occur in the axin-2 protein, and the function of axin-2 as a 

destruction complex becomes weak. As a result, the expression 

axin-2 increases in colon cancer cells as a response to activating 

the β-catenin/T-cell factor complex in the Wnt signaling 
pathway, but this axin-2 has no function whatsoever [14,50,51]. 

The IHC staining results show that normal colon tissue is 

less brown, indicating a small amount of axin-2 expression 

in the cytoplasm. Meanwhile, in the colon tissue induced by 

AOM/DSS, the brown color is more intense and predominant, 

which indicates more axin-2 expression and is localized in the 

cytoplasm. 

Meanwhile, quantitative analysis showed similar 

results, namely, the percentage of brown areas in colon tissue 

induced by AOM/DSS was higher than the others. The group 

was curatively given clofazimine at 0.2 mg/20 g BW showed 

a lower percentage of axin-2 expression than the AOM/DSS-

only group. The same thing was also shown in the group that 

was given clofazimine curatively at a dose of 0.4 mg/20 g BW. 

The lowest percentage of axin-2 expression was shown in the 

group given clofazimine curatively at a dose of 0.8 mg/20 g BW 

and preventive clofazimine at 0.2 mg/20 g BW. Localization of 

axin-2 expression has also been confirmed in previous studies. 
Schaal et al. [52] reported that regulation of axin-2 in CRC 

tissue showed high expression in the cytoplasm in both tumor 

center cells and invasive tumors, and axin-2 was expressed in 

small amounts in normal colon cells [52,53,54]. Rennoll et al. 

[17] confirmed that axin-2 was also expressed in the nucleus in 
normal cells, tumor tissue, and CRC cell lines. In normal cells, 

axin-2 expression in the nucleus acts as a rheostat to control  

myelocytomatosis oncogene (MYC) expression in response to 

Wnt signaling [13]. Meanwhile, in tumor cells and CRC cell 

lines, axin-2, expressed in the nucleus, cannot suppress MYC 

expression, thus triggering uncontrolled cell growth [13,40,55].

The limitation of this study is that the AOM-DSS 

model was very lethal. Therefore, our research uses many mice 

to experiment to have good significant data. The suggestions 
that can be improved for the continuity of further research are 

as follows:

rate after curative surgery. The same thing was also reported by 

Asadi et al. [41], that the expression level of caspase-3 in colon 

tissue from cancer patients was less than in normal colon tissue.

In this study, colon tissue damage was observed 

microscopically through histological preparations with H&E 

staining. Colon tissue damage was observed based on the 

presence of inflammation (infiltration of inflammatory cells), 
the extent of inflammation in the lining of the colon wall, and 
the severity levels of damage to the crypts. Previous research 

stated that the induction of CAC with DSSis characterized 

by inflammatory cell infiltration and changes in the shape of 
the crypts, which will damage colon tissue [42]. Based on 

histological analysis, the level of damage to the colon tissue in 

the group that was given AOM/DSS alone showed the highest 

degree of damage score (score 6). This damage is characterized 

by inflammatory ce
ll infiltration, inflammation that extends to the 

submucosa layer, and visible changes in the shape/damage of the 

crypts with goblet cells that appear full of mucin. However, there 

has not been any dysplasia and disorganization of the mucosal 

structures of the colon as a whole, which are cancer markers. This 

contrasts a study by Parang et al. [29], which showed lymphoid 

aggregation, inflammatory cell infiltration, large polyps, severe 
crypt damage, and nuclear hyperchromatic, which are early signs 

of tumor appearance and malignancy in the large intestine.

This study’s colitis induction model associated with 

colon cancer follows the model in previous studies based on 

the induction duration of 10 weeks and 2% DSS concentration. 

Tanimura et al. [43] revealed that modeling CAC using AOM/

DSS for 10–20 weeks showed signs of early adenomas, such 
as changes in the shape of the cell nucleus to become larger, 

round, or ovoid in shape and nuclear polarity. Cells are almost 

gone [44]. Meanwhile, tumor infiltration into the submucosa at 
week 10 was only 24%, and there was no vessel invasion [45]. 

In line with this, Schepelmann et al. [31] reported that DSS 

concentration affected tumor severity, where mice receiving 

3% DSS showed the development of high-grade dysplasia to 

carcinoma in male Balb/c mice, while 1% DSS concentration 

only showed crypt abnormalities in some mice [25]. Thus, our 

AOM/DSS model will likely have CAC rather than prominent 

cancer. 

Activity in the wnt/β-catenin pathway was determined 
based on the expression of β-catenin and axin-2 proteins. 
β-Catenin is an important protein to confirm activity in the 
Wnt signaling pathway. β-Catenin accumulation is regulated by 
the APC-axin-GSK3β complex (as its degradation complex). 
Mutations of the APC gene and other degradation components in 

the Wnt signaling pathway can lead to excessive accumulation 

of β-Catenin. This causes the activation of various transcription 
factors in the Wnt pathway to increase, including proliferation 

and tumorigenesis [46,47]. The results of this study confirmed 
that the colon tissue induced by AOM/DSS has a higher 

expression of β-Catenin than the normal group. In the AOM/
DSS-induced group, β-Catenin appeared to be detected stronger 
(darker brown color) in the cell membrane and cytoplasm 

compared to the normal group. The results obtained in this 

study are in line with the research of Yoshida et al. [48] that in 

normal cells, β-Catenin is localized in the cytoplasm at a low 
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1. The induction process can be carried out longer by 

increasing the per cycle DSS induction period and extending 

the cycle so that tumors and malignancies can form.

2. It is advisable to examine the expression of 

β-catenin and axin-2 quantitatively to confirm that there has 
been a decrease in the expression of the two proteins in each 

treatment group.

CONCLUSION

This study observed several parameters to evaluate 

clofazimine in colitis-induced colon cancer model mice. As 

conclusions were obtained, clofazimine at a dose of 0.8 mg/20 g 

BW as a curative agent showed a similar effect with a dose of 0.4 

mg/20 g BW as a preventive agent in AOM/DSS-induced colitis 

mice. Both methods showed a higher expression of caspase-3 

in colon tissue and lower IL-1β expression, a lower score of 
colon tissue damage, and a lower difference in the expression of 

β-catenin and axin-2 compared to the negative group. 
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