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This study was performed to investigate the preventive effect of the Saengshik on colorectal cancer 
using 4 week male F344 rats. To induce colon carcinogenesis, animals were injected with azoxymethane 
(AOM; 15 mg/kg b.w.) weekly for two weeks. All the rats were divided into control and experimental 
groups. Animals were fed the diet containing either 30% or 70% Saengshik for 11 weeks. On 11 week, 
all the rats were sacrificed to measure the formation of aberrant crypt foci (ACF). Showed that then the 
inflammatory responses in rat colonic mucosa and plasma were determined. Results the number of ACF 
in Saengshik groups were significantly lower than that in control groups (p＜0.05). Also, colonic mucosa 
cyclooxygenase-2 (COX-2) mRNA expression and cyclooxygenase (COX) activity were decreased in both 
30 and 70% Saengshik supplemented groups and plasma prostaglandin E2 (PGE2) level was reduced in 
30% Saengshik supplemented group. However, the inducible nitric oxide synthase (iNOS) mRNA 
expression showed no difference among each groups. These results showed that Saengshik inhibits colon 
carcinogenesis through reducing of COX-2 mRNA expression. Further researches are necessary to find 
out mechanisms involved in anti-cancer effects of Saengshik. (Cancer Prev Res 14, 248-255, 2009)
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INTRODUCTION

  According to a report from the Korea national statistical 

office, cancer is the leading cause of death in Korea. In 

particular, the incidence of colorectal cancer in males and 

females has increased by 184% and 164% since 1995, 

respectively.1) The incidence of colorectal cancer is influenced 

primarily by environmental factors, particularly by dietary 

habits. The representative dietary factors that increase the 

incidence of colorectal cancer are the increased intake of high 

calorie food and meat, and a decreased intake of vegetables and 

fruits.2)

  According to several epidemiological studies, the incidence 

of chronic diseases including cancer has been reported to be 

low in areas where the consumption of fruits or vegetables is 

high.3∼5) It appears that this apparent preventative effect may 

be due to physiologically active substances contained in 

vegetable foods, such as Vitamin C and E, selenium, folic acid, 

phytochemicals, fibers, protease inhibitor, etc. In addition, these 

substances are involved in inflammatory reactions in vivo and 

control the expression of a variety of proteins. Further more 

they suppress the development and progression of inflammatory 

reactions and play a protective role against cancer and other 

diseases.6,7)

  Recently, several studies have reported that the use of 

non-steroid anti-inflammatory drugs (NSAIDs) decreases the 

risk of colorectal carcinogenensis. Accordingly, the association 
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Table 1. Ingredients of Saengshik

Materials

Brown rice Lotus root

Glutinous millet Spinach

Sorghum Chlorella

Prosomillet Lentinus edodes

Soybean Mugwort

Black sesame Pine Needle

Black rice Laver

Barley Brown seaweed

Kale Sea tangle

Carrot Yeast

Burdock Bifidobacterium logngum

Pumpkin Fructooligosaccharide

Angelica utills Lactoferrin

Cabbage Rose petal extract

between colon carcinogenesis and inflammation has received 

considerable attention. Moreover, studies on physiologically 

active substances inhibiting colorectal cancer through suppre-

ssion of inflammation are ongoing.

  It was reported that NSAIDs suppress inflammation and 

inhibit the early stages of colon carcinogenensis, such as 

adenomatous polyps. The representative mechanism of the 

anticancer effect has been reported to be the blocking of 

cyclooxygenase synthesis, a enzyme that produces prostaglandin 

and inducible nitiric oxide synthase.
8,9)

  Because colorectal diseases are closely associated with dietary 

factors, desirable dietary habits and a nutritionally balanced 

diet are very important for their prevention and management. 

It appears that less overeating and more regular meals, as well 

as the consumption of whole grains, fresh fruits and fresh 

vegetables containing dietary fibers, vitamins and other antioxi-

dants, chlorophyll, phytochemicals, etc. might help prevent and 

possibly treat colorectal diseases.
10)

 Saengshik is a formulated 

health food consisting of freeze-dried and powdered whole 

grains, fruits, vegetables, and other diverse raw materials. In 

addition, it contains abundant fiber as well as physiologically 

active substances. Many studies on effects of Saengshik have 

reported its following properties: anti-diabetes, anti-hyper-

lipidemia, anti-obesity, immune enhancement, antioxidation, 

detoxification, improvement of a fatty liver, and other diverse 

functions.
11∼18)

 However, inhibitory effects of Saengshik against 

carcinogenesis are not completely understood. Therefore, this 

study evaluated the effects of Saengshik on azoxymethane 

(AOM)-induced colon carcinogenesis and colonic mucosa 

inflammatory responses. For the anti-cancer effect of Saengshik, 

the formation of ACF (aberrant crypt foci), a precancerous 

marker, was determined, and the cyclooxygenase (COX) 

activity and PGE2 (prostaglandin E2) content were measured. 

In addition, the expression of cyclooxygenase-2 (COX-2) and 

inducible nitric oxide synthase (iNOS) mRNA in F344 rats was 

quantified.

MATERIALS AND METHODS

1. Animal maintenance and diet composition

  Thirty two male Fisher 344 rats (4 weeks old) were obtained 

from Japan SLC (SLC, Tokyo, Japan). The rats were allowed 

one week to acclimatize and fed general animal feed during 

this period. The rats were divided randomly into 3 groups ; 

8 animals in a control group, and 12 animals in each of the 

experiment groups. The experimental groups were divided in 

to two, those receiving a diet containing either 30% or 70% 

Saengshik (30% S, 70% S, respectively). Their body weight at 

that time was 120∼145 g. The experimental diet was supplied 

for 11 weeks, and azoxymethane (AOM, Wako pure chemical 

industries, Ltd., Japan) was used as a the chemical carcinogen. 

All were groups were received two AOM injection; one at 2 

weeks after the initiation of experimental diet., 3 weeks. The 

AOM in saline was injected uppcptaneousdiett a concentration 

of 15 mg/kg body weight and total of 30 mg/kg was injected. 

The Saengshik used in these experiments was supplied by Erom 

Co., Ltd (Country). Table 1 shows its compositions. experi-

mental diets were based on the AIN-76 diet, and the com-

positions of the animal diets were purchased from eurchased 

from Dyets Co. (Dyets INC., USA). In order to resolve the 

differences of nutrients in the control diet and the experimental 

diet containing Saengshik, the Saengshik used in this study was 

analyzed for its contents of carbohydrate, lipid, and protein. All 

diets were prepared to have an equivalent energy density (Table 

2).

2. Sample collection

  The rats were sacrificed 11 weeks after the experimental diet. 

The colons were removed, washed with saline, and 5 animals 

from the control group and 8 animals from each experiment 

group were fixed in 10% buffered formalin in order to measure 

the ACF level. The colorectal mucosa was obtained from the 

remaining animals and stored at −80oC until used for the 
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Table 2. Composition of experimental diets

Ingradients Group Control 30% S 70% S

Casein 20.0 18.1 15.6

  Sucrose 50.0 44.9 14.8

  Cornstarch 15.0 0.0 0.0

  Cellulose 5.0 1.4 0.0

  Corn oil 5.0 3.8 2.2

  Mineral mixture
a 3.5 3.5 3.5

  Vitamin mixture
b 1.0 1.0 1.0

  DL-methionine 0.3 0.3 0.3

  Choline chloride 0.2 0.2 0.2

  Saengshik 0.0 30.0 70.0

Total (g) 100.0 103.2 107.6

  Carbohydrate (%) 70.0 70.0 70.0

  Protein (%) 20.3 20.3 20.3

  Fat (%) 5.0 5.0 5.0

Total calories (kcal/100 g) 406.2 406.2 406.2

aMineral mix. (g/100 g): CaCO3 29.29, CaHPO4ㆍ2H2O 0.43, 

KH2PO4 34.31, NaCl 25.06, MgSO4ㆍ2H2O 9.98, Fe(C6H5O7) 

ㆍ6H2O 0.623, CuSO4ㆍ5H2O 0.156, MnSO4ㆍH2O 0.121, 

(NH4)6Mo7O24ㆍ4H2O 0.0025, Na2SeO3ㆍ5H2O 0.0015, ZnCl2 

0.02, KI 0.005. 
bVitamin mix (mg/100 g): VD3 0.582, α-toco-

pherol-acetate 1200.0, retinol-acetate 93.2, VK3 6.0, thiamin- 

HCl 59.0, VB12 0.2, VC 588.0, pyridoxine-HCl 29.0, D-biotin 1.0, 

folic acid 2.0, inositol 1176.0, Ca-pantothenate 235.0, riboflavin 

59.0, nicotinic acid 294.0, sucrose 96257.017.

measurements of COX activity and the expression of COX-2 

and iNOS mRNA. The blood samples were separated into 

plasma and kept at −80oC to measure the PGE2 level. 

3. Measurement of aberrant crypt foci (ACF)

  The number of ACF was measured using Bird’s method.
17)

 

Briefly, the prepared colon tissues were fixed in 10% buffered 

formalin for 24 hours. The colon was divided into 3 parts, and 

placed in a petri dish containing 0.2% methylene blue 

dissolved in a saline solution for 5∼15 minutes. The sample 

was placed mucosal side up on a glass microscope slide and 

examined by microscopy (×40). The number of ACF was 

counted.

4. COX activity in rat colorectal mucosa and 

PGE2 level in plasma

  The colon mucosa COX activity and plasma PGE2 level were 

measured using an EIA kit (Cayman Co., Ltd., USA) according 

to the manual provided in the kit. As an indicator of the COX 

activity, the level of oxidized N,N,N,N,-tetramethyl-p-pheny-

lenediamine (TMPD) was measured at 590 nm. For PGE2, the 

sample, the standard, acetylcholine esterase-linked PGE2, and 

PGE2 antibody were added to 96-well plates coated with 

polyclonal goat anti-mouse IgG. The plates were reacted for 

18 hours at 4
o
C and stained with Ellman’s reagent. The PGE2 

level was quantified by reading the optical density at 415 nm 

using an ELISA reader. 

5. Measurement of the expression of COX-2 

and iNOS mRNA level in the colorectal 

mucosa

  The level of COX-2 and iNOS mRNA expression was 

measured using the following procedure. The cells were 

collected by scraping the colon mucosa of rats, and total RNA 

was extracted using a QIAGEN RNeasy kit (Qiagen, 

Germany). The RNA was reverse-transcribed with oligo (dT) 18 

primer using Super Script III reverse transcriptase (Invitrogen, 

Carlsbad, USA). PCR was performed. The amount of cDNA 

was normalized using the housekeeping gene, Beta-actin. 

Cycling parameters were denaturation at 94oC for 15 s, 

annealing at 60oC for 30 s, and extension at 72oC for 30 s. 

The primer sets were as follows: COX-2 (751 bp), sense primer 

5’-TCTGCGATGCTCTTCCGAGCT-3’, reverse primer 5’-G 

ATACACCTCTCCACCGATGA-3’; iNOS (397 bp), sense pri-

mer 5’-CCACAATAGTACAATACTACTTGG-3’, reverse pri-

mer 5’-ACGAGGTGTTCAGCGTGCTCCACG-3’; Beta-actin, 

sense primer 5’-TCCCTGGAGAAGAGCTACGA-3’, reverse pri-

mer 5’-ATCTGCTGGAAGGTGGACAG-3’.

6. Statistical analysis

  Statistical analysis was carried out using the SPSS program. 

All the results are expressed as the mean±S.D. The results 

comparing the effect of Saengshik supplementation on colon 

carcinogenesis were analyzed by ANOVA, and the significance 

between the means was determined using Duncan’s multiple 

range test.

RESULTS

1. The amount of food intake and the change 

of body weight

  The change in body weight of the experimental animals is 

used as a marker representing their general condition. Fig. 1 

showed the change in body weight over the 11 week 

experiment period. In this experiment, there was no significant 
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Fig 1. Body weight gain of rats in experimental 1 at wk 11. 

All groups were treated colon carcinogen, AOM. Among each 

groups were not significantly different (p＜0.05).

Table 3. Food intake and weight gain of rats fed different 

experimental diets

Group
a Food intake (g/d) Weight gain (g)

Control 13.2±0.39 167.6±11.1

30% S 12.4±0.04 158.8±15.2

70% S 12.2±0.40 165.1±17.9

Values are mean±S.D. 
aControl: AIN-76 diet+AOM, 30% S: 30% Saengshik diet+ 

AOM, 70% S: 70% Saengshik diet+AOM.

Table 4. Effect of Saengshik on AOM-induced colonic ACF formation in F344 rats

Experimental 

group

Foci containing
a

Total ACF 

incidence1 crypt 2 crypts 3 crypts ≥4 crypts

Control 69.4±29.4
a 54.6±21.0a 32.0±15.1a 33.2±10.4a 189.2±56.9a

30% S 48.6±19.6ab 40.5±8.0b 21.3±6.0b 18.0±5.2b 128.4±22.0b

70% S 31.9±11.8b 30.3±6.9b 18.1±4.9b 23.3±8.2b 102.3±24.1b

Values are mean±S.D. (n=5, control; n=8, Saengshik 30, 70%). 
a,bNumbers with different superscripts in column are significantly different at p＜0.05.

Table 5. Effect of Saengshik on total COX activity in colon mucosa and PGE2 level in plasma of AOM-induced rats

Marker
AOM treatment

Control 30% S 70% S

Total COX activity (U/g)  29.5±4.8
a  12.4±7.0a  15.4±9.1a

PGE2 (pg/ml) 366.2±112.3a 266.3±133.9a 352.1±166.2a

Values are mean±S.D. 

All the measured variable were not significantly different (p＜0.05).

difference in the diet consumption rate and body weight 

change in each group (Table 3). Therefore, it was determined 

that there were no physiological influences, such as a decrease 

in consumption, body weight changes, etc.

2. Formation of aberrant crypt foci

  This study examined the effect of a supplemental diet 

containing 30% Saengshik and 70% Saengshik to rats with 

chemically induced carcinogenesis. ACF were not detected in 

the group without the AOM treatment. Table 4 show the 

number of the precancerous markers of colorectal cancer, 

aberrant crypt foci (ACF), and the number of aberrant crypt 

(AC) in the colon/rectum of each group treated with AOM. 

Even in the rats with ＜3 ACs, the Saengshik consumed group 

showed a significant reduction in ACF compared with the 

control group. In rats with ＞4 ACs, which have a high 

probability of tumor development, Saengshik consumption 

group showed significantly fewer ACF than the control group.

3. Measurement of the expression of iNOS, 

COX-2 mRNA, COX activity and PGE2 level

  The effect of Saengshik on inflammatory reaction was 

measured using the representative colorectal cancer carcinogen, 

AOM, which initiates or deteriorates the inflammatory reaction 

by increasing the expression of the genes pertinent to an 

inflammatory reaction. The plasma PGE2 level and COX 

activity in the colon mucosa (Table 5), and the level of gene 
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Fig. 2. Expression of inducible nitric oxide syntahse (iNOS) 

and cyclooxygenase (COX-2) mRNA on colon mucosa of F344 

rats. mRNA levels of iNOS and COX-2 in rat colon mucosa 

were determined by RT-PCR analysis as described under 

Experimental methods. The groups was divided 3 groups; 

Control (AOM+AIN-76 diet), 30% S: (AOM+modified AIN-76 

diet containing 30% Saengshik), 70% S (AOM+modified 

AIN-76 diet contatining 70% Saengshik). β-actin was used as 

a loading control for normalization.

expression were measured (Fig. 2). The activities of COX 

within the colorectal mucosa in the 30% Saengshik consumption 

group and the 70% Saengshik consumption group were decrea-

sed by 57.9% and 47.8% compared with the control group, 

they were not significantly gshik cot. the plasma PGE2 level 

was reduced in 30% Saengshik consumption group with signi-

ficance. And no effect was found with 70% Saenghik 

consumption group. In addition, the expression levels of the 

COX-2 gene in the colorectal mucosa from the Saengshik 

consumption groups were lower than the control. Moreover, 

there were 11.7% and 30.6% reduction observed in the 30 and 

70% Saengshik groups compared with the control group, 

respectively, indicating a dose-dependent effect. However, the 

consumption of Saengshik did not reduce the level of iNOS 

mRNA expression compared with the control group (Fig. 2).

DISCUSSION

  The AOM used in this study as a substance inducing 

colorectal cancer is a metabolite of the nitroso compounds from 

food, and appears to be metabolized in the liver, and delivered 

to the colon in the form of MAM (methyl azoxymethanol) via 

the blood.19) On the other hand, it may be delivered to the 

colon without passing through the liver and induce oxidative 

injury to the DNA. Hence, it is involved in the initiation of 

carcinogenensis.20) ACF induced by AOM is used as a marker 

for the precursors of colorectal cancer in humans and ani-

mals.21,22) It is a colony of abnormal crypts with a pericryptal 

zone that is formed due to the hyperproliferation of normal 

crypts that increase in size.
23)

 ACF is formed by the accumula-

tion of one or more AC, and it has been reported that the 

progression of ACF formed by the accumulation of more than 

one aberrant crypt focus to tumors is quite high.
24)

 The study 

reported by Lee and Sung,
25)

 colon cancer was induced in SD 

rats by AOM and the rats were fed sea mustard, reported a 

decrease in the ACF formation. Davies
26)

 induced colon 

carcinogenesis in F344 rats and fed them rye, and reported a 

decrease in the rate of ACF development. In addition, the 

supply of the polyphenol chemicals, quercetin, which is one of 

the representative chemicals present in vegetables, fruits, 

etc.,
27,28)

 and the isothiocyanates abundant in cabbages and 

other cruciferous vegetables,
29)

 to rats with induced colon 

carcinogenesis was reported to reduce the number of ACF. 

Therefore, it is believed that the components within Saengshik 

might help to suppress the formation of ACF. Vegetables and 

fruits contain abundant dietary fiber as well as nutrients, such 

as carotenoid, folic acid, vitamin C, and phytochemicals, such 

as flavonoid, etc. Dietary fiber prevents feces from remaining 

in the colon/rectum for a long time and thus decrease the time 

that the carcinogens in the feces come in contact with the 

gastrointestinal mucosa. Antioxidant vitamins suppress the 

production of radicals through several pathways in vivo and 

scavenge radicals in the body, thus helping prevent carcino-

genesis.
30)

 Therefore, it was expected that the ingredients in 

Saengshik would help to suppress ACF formation. In addition, 

a review of patient-control group studies showed that the 

consumption of fruits and vegetables reduces the risk of 

developing colorectal cancer. In particular, there was a strong 

association between the consumption of green vegetables 

including cruciferous vegetables and a reduced incidence of 

colon cancer.
31∼33)

 Moreover, the consumption of raw vege-

tables food had a particular protective effect.
34)

 Liu
35)

 reported 

that the consumption of a mixture of diverse fruits had a 

higher protective effect than the consumption of a single fruit. 

A diet comprising of whole food with abundant fruits, 

vegetables, etc., provides more than several thousands of 

phytochemicals with diverse molecular weight, polarity, solu-

bility, etc., which can play an useful role in maintaining health. 

Therefore, the 30∼40 components contained in Saengshik act 

in combination to block carcinogenesis.

  Generally, intestinal epithelial cells are regenerated every 48

∼72 hours. It has been reported that these cells are involved 

in the tumorigenesis of colorectal cancer by increasing the 
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factors associated with early inflammation after being exposed 

not only to nutrients but also to oxidants, mutagens, and 

carcinogens.
36,37)

 iNOS and COX-2 are the representative 

factors involved in the early inflammatory reaction, iNOS is 

expressed as a response to early inflammatory stimulation in 

colon or epithelial cells, and produces a large amount of NO-, 

which is an important for signal transduction in inflammatory 

reactions.
38)

 In addition, COX synthesizes prostaglandin, which 

is a precursor of inflammatory substances, and accelerates PGE2 

synthesis. The paracrine effects of PGE2 secreted into the blood 

play an important role in the development of colorectal 

tumors.
39)

 Therefore, suppressing iNOS expression and as PGE2 

synthesis by inhibiting COX-2 expression is considered as a 

major target for blocking tumorigenesis.
40)

 Several studies have 

examined this area. One study treated the colorectal cancer cell 

line, HCA-7, with tricin, apigenin, and quercetin, that are 

contained in grains, vegetables, and fruits, reported a decrease 

in COX activity and PGE2 content
41)

 Brown et al.
42)

 reported 

that flavonoids inhibit the cyclooxygenase and lipoxygenase 

pathways involved in inflammatory reactions, which are 

important causes of colorectal cancer. Several studies have 

suggested an interaction between COX-2 and iNOS. For 

example, an increase in COX-2 induced by NO increased the 

level of PGE2 synthesis in rat mesangial cells. In addition, NO 

has been reported to induce COX-2 expression in rat colorectal 

epithelial cells.
43,44)

 However, in the present study, the level of 

COX-2 expression was decreased without altering the 

expression of iNOS. Hence, Saengshik does not affect the 

mechanism of NO synthesis induced by iNOS. Takahashi et 

al.
45)

 has suggested that iNOS expression may act the 

dysplastic changes and that COX-2 expression is related to 

tumor growth. That is, COX-2 and iNOS may play an 

important role in colon carcinogenesis, independently or depen-

dently. Also, the Sangshik was decreased the COX-2 mRNA 

expression, but not changed PGE2 production. COX-2 expre-

ssion and PGE2 production may be not accompanied by 

proportional increases.
46)

 It can be reasoned that the increased 

COX-2 possibly exert hyperproliferation and anti-apoptotic 

activity with or with changes in PGE2 levels. The dicrepancies 

in the COX-2 and PGE2 results may be partly explained by 

the factors regulating PGE2 production other than COX-2 as 

PGE2 syntase.
47)

 Kim et al.'s
48)

 study on black soy bean and 

yellow soy bean showed the results of our study similarly.

  The consumption of Saengshik inhibits the tumorigenic 

process of the colorectal mucosa induced by carcinogens, and 

decreases the expression of the COX-2 gene and COX activity, 

which suppresses the inflammatory reaction. Furthermore, 

Thease mechanisms plays an important role in the anticancer 

effect of Saengshik. However, more study on a variety of 

inflammatory factors will be needed to determine the 

mechanism for how anti-inflammatory reaction of Saengshik 

suppresses colon cancer.
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