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Abstract : Colon cancer is a major public health problem throughout the worldwide. Recently, 

many studies have focused on finding chemoprevention based on the natural compound. The 

present study was aimed to investigate the inhibitory activity of Indonesian soybean in 

comparison with soybean meal extract in colitis-associated mouse colon carcinogenesis. 
Methods: In this study, Swiss Webster mice were induced by azoxymethane 10 mg/kg body 

weight followed by administration of 2% dextran sodium sulfate during a week. Soybean, 

soybean meal extract at each dose of 75, 150, and 200 mg daily and aspirin 0,39 mg/kg body 
weight daily (equivalent to 150 mg for a 70 kg human) administered orally. Histopathological 

examination of the colon tissue (hematoxylin-eosin staining) was done by counting the number 

of goblet cells and micro vessel density in ten randomly selected fields visual. 

The results: Soybean and soybean meal significantly reduced the count of goblet cell (P<0,05) 
in colitis-associated colon carcinogenesis mice. Soybean extract is also significantly reduced 

the number of micro vessel density (P<0,001) in colitis-associated colon carcinogenesis mice. 

Otherwise, there were no significant effects of the soybean meal extract on the number of micro 
vessel density in colitis-associated colon carcinogenesis mice. 

Conclusion: Our results indicate that Indonesian soybean and soybean meal extract may have 

inhibitory activity in colitis-associated colon carcinogenesis through inhibiting reduction in the 
number of goblet cell and micro vessel density. Indonesian soybean may have Inhibitory 

activity better than soybean meal. 

Keywords : Colitis-associated colon carcinogenesis, soybean, soybean meal, lunasin, Azoxymethane, 

Dextran Sodium Sulfate. 
 

Introduction 

Colorectal cancer is a major public health problem throughout the worldwide
1
. Currently available 

therapies for cancer have serious side effects because of their low selectivity and specifity so that increase 

attention has been  focused on chemoprevention
2
. 
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Chemoprevention is a promising strategy for preventing cancer or inhibit the process of colon 

carcinogenesis. Many studies are being done to find chemopreventive agents from natural materials that have 

been known to contain large amounts of bioactive phytochemical components that can provide health benefits, 
especially for the fight against cancer

3
. Soybean (Glycine max L) known contains the bioactive peptide that has 

been shown to have anti-carcinogenic effects
3–7

.The grains of Glycine max  belonging to the family Fabaceae 

are commonly known as ‘kedelai’ in Indonesia
8
. Epidemiological studies have shown that the association 

between the consumption of soy or soy products with reduced risk of colorectal cancer
9–11

. Soybeans contain a 
variety of phytochemicals, which demonstrated anticancer activity, including isoflavone

12
, protease inhibitor

13
, 

saponin
14,15

, lectin
16

, and more recently lunasin, a novel cancer preventive seed peptide  bioactive peptides 

involved in the preventive and therapy of cancer
6,16–18

.  

This study explores the use of Indonesian native plants, which was Grobogan soybean variety. Soybean 

meal is a co-product of soybean oil extraction, produced at industrial or laboratory scale. It has been known to 
have a high content of protein and amino acids. Soybean meal may be used as a source of various bioactive 

compounds
19,20

. 

Inflammation bowel diseases especially in ulcerative colitis is an important risk factor in the 
development of colon carcinogenesis

21
. In large intestinal inflammation showed reduced quantity and depletion 

of goblet cell. Reduction of goblet cells correlated with the severity and the extension of disease
22,23

. Depletion 

of goblet cells in the crypt is a beginning sign of colon carcinogenesis
24

. Inflammation can facilitate tumor 
promotion by activating the proliferation, encourage angiogenesis and finally to invasive colon cancer. Chronic 

inflammation of  the large intestine has produced the genetic alteration that can develop into dysplasia and then 

cancer
23

. The earliest stage in tumor development, the tumor cells will proliferate rapidly and showed a loss of 
growth control. Tumor cells require an adequate blood supply to provide nutrients for survival so that in the 

early stages of invasive cancer development stimulates the growth of new blood vessels (angiogenesis)
25,26

. 

An experimental colitis-associated colon carcinogenesis mouse model, chemically induced by 
azoxymethane and dextran sodium sulphate has been used often in colon cancer chemoprevention animal 

studies
27–29

. AOM is a very potent carcinogen that causes colon cancer in rats and mice with high incidence. 

The resulting development of colon cancer resembles the pattern that occurs in humans
27

. DSS used to induce 
inflammation in experimental models of colitis-related colon cancer

28,30,31
. 

The present study was aimed to investigate the inhibitory activity of soybean in comparison with 
soybean meal extract on goblet cell count and micro vessel density in colitis-associated mouse colon 

carcinogenesis. 

Materials and Methods 

Experimental Animals 

Experiments were performed on adolescent male Swiss Webster mice (body weight range 20-25 g), 

approximately 12 weeks of age, obtained from Animal Laboratories, National Institute of Health, Research and 

Development, Ministry of Health (Indonesia). Mice were maintained under controlled room temperature, 
humidity, and light (12/12 h light/dark cycle) and allowed ad libitum access to standard mouse chow and tap 

water. The mice were allowed to acclimate to these conditions for at least 7 days prior to inclusion in the 

experiments.  

Chemicals and botanical materials 

Lunasin standard was purchased from Polypeptide Laboratories France. Azoxymethane (AOM) and 
Dextran Sodium Sulfate(molecular weight 500.000 kDa) were purchased from Sigma-Aldrich Chemical 

Company. All other chemicals of analytical grade were obtained from Merck. Grobogan Soybean variety 

(Glycine max) was obtained from Indonesian Legumes and Tuber Crops Research Institute, Ministry of 
Agriculture (Indonesia). Soybean meal was purchased from local markets.  

Soybean and soybean meal extract preparation 

Grains of soybean and soybean meal were first dried to reduce the moisture content. The dried grains 

were milled then separated using a press machine in order to remove the oil. Residues from this process were 
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pulverized into powder. The extract of residue and soybean meal was prepare b modifying methode

32,33
 as 

following: A kilogram point twenty-five both of residue and soybean meal were extracted once by phosphate 

buffer saline (pH 7,4)  in a 5:1 ratio with an extraction time of sixty minutes. The extracting solution was 
filtered through cotton wool, then followed by the second filtration using filter paper. After filtering process, the 

PBS extract of soybean and soybean meal were dried by rotary evaporator at 40ᵒC. The dried extract was kept 

in the glass bottle and stored in the refrigerator until used for the preparation of experimental diets. About 175 

grams of soybean and 230 grams soybean meal extract were obtained from 1,25  kilograms of soybean grains 
and soybean meal. 

Study design and carcinogen administration 

The experimental protocols were approved by the Ethics Committee of Faculty of Medicine, University 

of Indonesia (Indonesia). Experimental colon carcinogenesis
28,31,34

 was induced by a single intra peritoneal 
injection (10 mg/kg) of  a mutagenic agent, azoxymethane (AOM)  and one week after AOM injection, all 

animals began to receive oral exposure (2% in drinking water) to a pro-inflammatory reagent, dextran sodium 

sulfate (DSS) for 7 consecutive days. Control animals received 0,9% sterile saline and do not receive an oral 

exposure of DSS. The experimental design of this study is shown in Figure 1. 

 

 

 

 

 

Figure 1. The experimental design for colitis-associated colon carcinogenesis 

Animals were separated into nine groups (n=3 per group): control normal, colitis-associated colon 

carcinogenesis model, aspirin, soybean extract groups (75, 150, 200 mg) and soybean meal extract groups (75, 

150, 200 mg). Animals were randomized and acclimatization one week before inducing by azoxymethane 

(AOM) injection. At the beginning of experiments, all animals received a single intra peritoneal injection (10 
mg/kg) of  a mutagenic agent, azoxymethane (AOM)  and one week after AOM injection, all animals began to 

receive oral exposure (2% in drinking water) to a pro-inflammatory reagent, dextran sodium sulfate (DSS) for 7 

consecutive days. Control animals received 0,9% sterile saline and do not receive an oral exposure of DSS. 
After induce by AOM and DSS. The treatment group received aspirin solution, soybean extract (75, 150, 200 

mg) and soybean meal (75,150, 200 mg) daily for 4 weeks. One week after the end of treatment, all animals 

were sacrificed and the colons were collected. 

In order to investigate Inhibitory activity of soybean in comparison with soybean meal extract on goblet 

cell counts and micro vessel density in colitis-associated mouse colon carcinogenesis, different doses of 

soybean extract, soybean meal extract and aspirin were administered by oral gavage up 4 weeks. Control 
animals received water by oral gavage one week after DSS administered. Body weight was measured every 

week during experimental. One week after the last day of the treatment, mice were sacrificed by intra peritoneal 

injection of 75-100 mg/kg ketamine combined with 10 mg/kg xylazine. Colon was harvested then prepared for 
histological analysis.  

Histological assessment 

Paraffin-embedded gut tissue samples were serially sectioned, and some sections were stained with 

hematoxylin and eosin. The stained sections were subsequently examined for histopathological changes. 

Histological examination of mucosa colon for goblet 

Count of goblet cells was quantified by counting the goblet cell number in ten randomly selected visual 
fields at mucosa colon region under 400 x in colon sections from AOM and DSS-treated Swiss Webster mice. 

All slides were analyzed by double investigator who was blinded to the treatment groups.  The comparison of 
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goblet cells in all groups was performed by averaging out the numbers of goblet cells in ten random fields in 

each colonic section. Ten selected fields shown are representative of all stained sections. 

Histological examination of micro vessel density 

Micro vessel density (MVD) was quantified by counting micro vessel numbers in ten randomly selected 

visual fields at mucosa region under 400x in colon sections from AOM and DSS-treated Swiss Webster mice. 
Large vessels were excluded from analysis. The observer was blinded to treatment group. The comparison of 

MVD in all groups was performed by averaging out the numbers of micro vessels in ten random fields in each 

colonic section. Ten selected fields shown are representative of all stained sections. 

Statistical analyses 

All data are expressed as a mean ± standard deviation. Data were analyzed using analyzed of variance 

(ANOVA) the followed by LSD’s test to compare the differences between treatments. Differences were 

considered statistically significant for p< 0,05. 

Results 

Effect soybean and soybean meal extract on body weight: 

There was an increase body weight in all groups compared with the beginning of the experiment 

(Figure 2). 

 

Figure 2.Body weights of mice. Body weights expressed as grams, where the interactive effects of 

duration of experimental (week) and the group were not significant (p>0,05)using Kruskall-Wallis test. 

Datas are reported as mean ± standard deviation, n=3/group. 

Effect soybean and soybean meal extract on goblet cells count: 

Effect of soybean and soybean meal extract on the histological of goblet cells in mice mucosa colon 

evaluated by hematoxylin and eosin staining 400xare shown in Figure. 3.  

AOM/DSS induced colitis associated colon carcinogenesis resulted in a significant decrease in count of 

goblet cell (84,77±14,78) in comparison to control group (139,53±15,30) (p<0,05). After the administration of 

aspirin and different doses of soybean (75, 150, 200 mg) and soybean meal extract (75 and 150 mg) to colitis-
associated colon carcinogenesis in mice during 4 weeks a significant increase in count of goblet cells 
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(131,37±18,94; 138,03±22,59; 141,90±14,02; 134,10±22,05; 137,95±8,35; and 121,90±8,43 vs 84,77±14,78, 

respectively) (p<0,05) was observed (Table 1). 

   

(a) (b) (c) 

   

(d) (e) (f) 

   

(g) (h) (i) 

Figure 3.Effect of soybean and soybean meal extract on the histological of goblet cells in mice mucosa 

colon evaluated by hematoxylin and eosin staining 400x. (a) Control, (b) AOM/DSS Model, (c) Aspirin, 

(d) Soybean 75 mg/kg, (e) Soybean 150 mg/kg, (f) Soybean 200 mg/kg, (g) Soybean meal 75 mg/kg, (h) 

Soybean meal 150mg/kg, (i) Soybean meal 200 mg/kg. 
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Table 1.Effect of soybean and soybean meal extract on the goblet cell count after 4 weeks treatment 

 

 

 

 

 

 

 

 
 

Data are expressed as mean ± standard deviation; n=3. ANOVA followed by LSD’s test (p<0,05). 
a
statistically different from normal control mice; 

b 
statistically different from AOM/DSS Model. 

 

Effect soybean and soybean meal extract on micro vessel density: 

Effect of soybean and soybean meal extract on the histological of micro vessel density in mice mucosa 

colon evaluated by hematoxylin and eosin staining 400xis shown in Figure. 4.  

The number of micro vessel in AOM/DSS induced colitis associated colon carcinogenesis mice model 

(11,90±0,92) shows a significant rise in comparison to control group (4,50±0,89) (p<0,001). After the 
administration of aspirin and different doses of soybean (75, 150, 200 mg) to colitis-associated colon 

carcinogenesis in mice during 4 weeks showed a significant decrease in the number of micro vessel (7,67±0,64; 

5,87±0,51; 4,97±1,25 and 4,77±1,30, vs 7,67±0,64 respectively) (p<0,001) was observed (Table 2). Soybean 

meal doses (75, 150, 200 mg) showed a decrease in the number of micro vessel in comparison to colitis-
associated colon carcinogenesis in mouse model but it was not statistically significant (p>0,001). 

  

 

(a) (b) (c) 

Groups 
Mean of goblet cell count in 

ten fields visual 

Normal control 139,53 ± 15,30 

AOM + DSS control 84,77 ± 14,78
a
 

Aspirin + AOM + DSS control 131,37 ± 18,94
b
 

Soybean 75 mg/kg + AOM + DSS control 138,03 ± 22,59
b
 

Soybean 150 mg/kg + AOM + DSS control 141,90 ± 14,02
b
 

Soybean 200 mg/kg + AOM + DSS control 134,10 ± 22,05
b
 

Soybean meal 75 mg/kg + AOM + DSS control 137,95 ±  8,35
 b
 

Soybean meal150 mg/kg + AOM + DSS control 121,90 ±  8,43
 b
 

Soybean meal 200 mg/kg + AOM + DSS control 101,10 ± 14,99
a
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(d) (e) (f) 
   

(g) (h) (i) 

Figure 4.Effect of soybean and soybean meal extract on the histological of micro vesselon mice mucosa 

colon evaluated by hematoxylin and eosin staining 400x. (a) Control, (b) AOM/DSS Model, (c) Aspirin, 

(d) Soybean 75, (e) Soybean 150, (f) Soybean 200, (g) Soybean meal 75, (h) Soybean meal 150, and (i) 

Soybean meal 200. 

 

Table 2. Effect of soybean and soybean meal extract on the micro vessel density after 4 weeks treatment 

 

 

 

 

 

 

 

 

Data are expressed as mean ± standard deviation; n=3. ANOVA followed by LSD’s test (p<0,001). 
a
statistically 

different from control mice; 
b 
statistically different from AOM/DSS Model. 

Discussion 

Colon carcinogenesis has been shown to be a multistep process of genetic and phenotypic alterations of 
normal bowel epithelium structure and function leading to unregulated cell growth, proliferation, and tumor 

development
36

. Ulcerative colitis are an important risk factor for the development of colon cancer. Several 

reports suggest that the rate of colon cancer is increasing in ulcerative colitis
21,37,38

. Aspirin has been associated 

Groups 
Mean of micro vessel density 

in ten fields visual 

Normal control 4,50 ± 0,89 

AOM + DSS control 11,90 ± 0,92
a
 

Aspirin + AOM + DSS control 7,67 ± 0,64
ab

 

Soybean 75 mg/kg + AOM + DSS control 5,87 ± 0,51
b
 

Soybean 150 mg/kg + AOM + DSS control 4,97 ± 1,25
b
 

Soybean 200 mg/kg + AOM + DSS control 4,77 ± 1,30
b
 

Soybean meal 75 mg/kg + AOM + DSS control 10,30 ±  0,20
a
 

Soybean meal150 mg/kg + AOM + DSS control 8,53 ±  0,40
ab

 

Soybean meal 200 mg/kg + AOM + DSS control 9,57 ± 2,55
ab
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with a lower risk of colon cancer. Several decades of research have provided considerable evidence 

demonstrating its potential for the prevention of cancer, particularly colon cancer
39–41

. AOM and DSS have 

often been used in colon cancer animal studies. In this study, we used the AOM/DSS mouse model to mimic the 
inflamed colon and carcinogenesis conditions in humans

27–29,42
. 

In ulcerative colitis, there are reduced in the number of goblet cells (goblet cell depletion) and thinner 

colonic mucus layer. Goblet cells are largely responsible for secreting components of the intestinal mucosal 
barrier and represent a major cellular component of the innate defense system Goblet cell clearly marked the 

severity of intestinal inflammation
22,43

. The number of goblet cell is known decreased obviously in aberrant 

crypt foci, an earlier marker of colon carcinogenesis
25,44,45

.  

Tumor cells and surrounding tissues secrete factors that stimulate the growth of new blood vessel. 

Previous studies showed that the micro vessel density occurs in the early colon carcinogenesis and was 
accentuated at the bottom of crypt

46
. MVD is a well-established technique to assess angiogenesis in colon 

cancer and has prognostic significance
47

. Neo-angiogenesis have potential implications as a target for 

chemoprevention
25,46

.  

The results of the present study indicate that soybean extract significantly inhibits both the reduction in 

the number of goblet cell and micro vessel density in colitis-associated colon carcinogenesis mouse model. The 

soybean meal extract significantly inhibits the reduction in the number of goblet cell but not in micro vessel 
density. However, the soybean meals were obtained from local market unclear origin. This result supports the 

previous meta-analyses study that the consumption of soybean is associated with lower colon cancer risk in 

human
9,11

.  The Previous study showed that raw soybean has a protective effect against early carcinogenesis
48

. 
Contents of phytochemicals in soybean that involved in therapeutic and preventive cancer are protease inhibitor, 

phytic acid, phytosterol, saponin, isoflavone, lectin, and lunasin
16–18

. Lunasin selectively causes apoptosis, 

mostly in cells undergoing the transformation, by preventing histone acetylation
49

. Lunasin also exerts anti-

inflammatory properties that play an important factor in tumor proggression
32,50

. The previous study provide 
evidence that soy isoflavonegenistein and soybean based diet were able to reduce the number of blood vessel in 

mouse models of melanoma and breast cancer
51

Study the chemopreventive ability against late carcinogenesis 

may allow for a clearer chemopreventive effect of Indonesian soybean. Other bio-markers are needed to fully 
elucidate the complex mechanism of Indonesian soybean to explore the potential role of Indonesian soybean in 

colon cancer chemoprevention. 

Currently, there a few reports on the effect of Indonesian soybean in experimental colitis-associated 

colon carcinogenesis. Data reported in this study suggested that Indonesian soybean as a candidate of botanical-

based colitis-associated colon cancer chemoprevention should be further investigated for its safety and efficacy 

and potential clinical applications.  

In conclusion,Indonesian soybean and soybean meal extract may have inhibitory activityin colitis-

associated colon carcinogenesis through inhibiting reduction in the number of goblet cell and micro vessel 
density. Indonesian soybean may have Inhibitory activity better than soybean meal on early colon 

carcinogenesis. 
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