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ABSTRACT

To clarify pathological and molecular mechanisms of gastric cancer, various experimental models have

been purposed.  H. pylori is one of the most important factors that classified as a class I carcinogen.  N-nitroso

compounds and salt have been proposed by several studies to be probable promoters of gastric carcinogenesis.  The

aim of our studies was to develop simplified gastric cancer models in rats using H. pylori, MNU and sodium

chloride.

A total of 48 rats were divided into 4 experimental groups including: group 1: H. pylori inoculation + 30

ppm MNU in drinking water for 20 weeks, group 2: 30 ppm MNU in drinking water for 20 weeks, group 3: MNU

100 mg/kg by gavage feeding on day 1st and day 14th, and group 4: saturated NaCl solution fed twice a week for the

3 weeks + MNU 100 mg/kg by gavage feeding on day 1st and day 14th.

Results: In group 1, two rats developed gastric adenocarcinomas at week 52nd (50% incidence, n = 4),

while in the group 2, no gastric adenocarcinoma was found.  In group 3, could induce the development of squamous

cell carcinoma (SCC) in forestomachs of 5 rats at week 9th, 13th, 16th, and 20th.  Overall cancer incidence in group

3 was 50% (n = 10).  Eight rats in group 4 developed forestomach SCC at week 6th, 9th, 13th, 16th, and 20th.  Overall

cancer incidence in group 4 was 47% (n = 17).

Conclusion: In this study, we could induce gastric adenocarcinoma by H. pylori infection and MNU

administration in drinking water.  In addition, short-term intragastric administration of MNU with or without satu-

rated NaCl led to the development of forestomach SCC in rats.  These rat models may be suitable in further studies

to demonstrate molecular mechanisms and to evaluate efficacy of new modality of treatment options in stomach

cancer.
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INTRODUCTION

Despite the falling of gastric cancer incidence and

mortality in developed countries, stomach cancer is still

the fourth most common cancer, and the second lead-

ing cause of cancer- related death worldwide.(1,2)  There

are distinct geographic variations in terms of mortality

and incidence, with the highest incidence rates in Ja-

pan, China, Korea, and some countries in South

America.(3,4)  Additionally, gastric cancer incidence

rates also vary according to sex, race, and socio-eco-

nomic status.1 In Thailand, stomach cancer, one of the

most common cancers, more than 90 percent of gas-

tric tumors are adenocarcinomas.(5)  Recent report

showed the annual incidence rate of 7.1 cases per

100,000 people in this country.(6)

The histology of gastric cancer can be classified

into two main subtypes: poorly-differentiated or dif-

fuse type and well-differentiated or intestinal type.(7)

Diffuse type, which contains neoplastic cell infiltra-

tion without glandular structure formation, usually

originates from pangastritis without atrophy.  In the

contrary, Intestinal type characterized by intestinal

gland-like structures replacing normal gastric tissues

is believed to have sequential steps of carcinogenesis.

These steps involve the transformation from corpus

gastritis to gastric atrophy, intestinal metaplasia, dys-

plasia, and finally to carcinoma.(8)

Gastric cancer is a multifactorial disease.  Many

environmental and lifestyle factors have been proposed

to be involved in cancer initiation or progression6.

These include Helicobacter pylori infection, N-nitroso

compounds, and high salt diet.

H. pylori, a gram-negative bacillus, is one of the

most common chronic bacterial infections.  Most

people acquire H. pylori through oral ingestion during

childhood period, and remain infected throughout life.(9)

Interestingly, gastric cancer incidence tends to change

in the same direction as H. pylori prevalence,(1,10,11) and

many epidemiological studies have demonstrated

compelling evidence supporting a relationship be-

tween H. pylori and gastric cancer development.(12-16)

The International Agency for Research on Cancer has

classified H. pylori as a definite carcinogen since

1994.(17)

Certain bacterial factors and host inflammatory

responses put some H. pylori-infected patients at higher

risk for gastric cancer.  Virulent strains of H. pylori,

such as those containing CagA, can activate or induce

the production of proinflammatory mediators.  These

mediators, namely nuclear factor-κβ and interleukin-

8, lead to inflammation, epithelial damage, apoptosis,

cell proliferation and tumor progression.(18)  People,

who possess cytokine gene polymorphisms with el-

evated levels of IL-1β and TNF-α and decreased lev-

els of IL-10, carry a 50-time increased risk of gastric

cancer.(18,19)

H. pylori additionally promotes gastric carcino-

genesis by reducing the gastric concentration of ascor-

bic acid, a potent antioxidant and an inhibitor of N-

nitrosation.  Moreover, H. pylori produces toxic sub-

stances, which include ammonia and cytotoxin.  These

chemicals impair host defenses and make gastric epi-

thelial cells more vulnerable to be destroyed by other

carcinogens, such as reactive oxygen species, and N-

nitroso compound.(12)

H. pylori infection alone may not be sufficient to

initiate gastric carcinogenesis.(20)  Other nutritional fac-

tors are of important consideration.  Data from case-

control, cohort, and ecological studies supported the

hypothesis that high intake of salt-preserved food and

salt itself increases the risk of stomach cancer, while

high intake of fruits and vegetables decreases it.(21,22)

Two independent studies in Japan demonstrated an al-

most linear correlation between stomach cancer mor-

tality and urinary salt excretion or salt intake.(23,24)  The

association between salty food and gastric cancer can

be explained by the production of other carcinogens,

such as N-nitroso compound, during the food preser-

vation process.  Furthermore, excessive salt intake can

cause mucosal damage, which enhances the effect of

chemical carcinogens, and promote persistent infec-

tion with H. pylori.(21,22)

N-nitroso compounds are formed in human stom-

ach through the chemical reaction called nitrosation.

This reaction requires nitrite as a substrate and is cata-

lyzed either by gastric acid or intestinal bacteria.  Ni-

trite can be obtained endogenously through the reduc-

tion of nitrate by oral bacteria.  Nitrite and nitrate are

also found in cured meat, preserved food, pickled veg-

etables, and drinking water.(22,25)  Other than inducing

gastric cancer in animal models, N-nitroso compounds

are positively associated with stomach cancer risk in

human studies.(22)  In the north and north-eastern part

of Thailand, gastric cancer is significantly related to

the ingested amount of nitrite, nitrate, and N-nitro-

sodimethylamine.(26)

In the present study, we developed four distinct

rat models of stomach cancer using H. pylori infec-
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administered directly into the stomach of each animal

twice a week for the first 3 weeks of the experiment.

Three rats were sacrificed at the 3rd week, three at the

6th week, two at the 9th week, three at the 13th week,

two at the 16th week, and four at the 20th week of the

experiment.

H. pylori preparation and inoculation

H. pylori were taken from peptic ulcer patients

during they were performed the endoscopy at King

Chulalongkorn Memorial hospital.  The bacteria were

grown in Columbia agar plate supplemented with sheep

blood for 72 hours at 37˚C in an automatic CO2-O2

incubator under microaerophilic conditions (85%N2,

10%CO2, and 5%O2).  On the day of experiment,

H. pylori colonies were swabbed into normal saline to

form the suspension with the concentration of 5×108

to 5×1010 colony forming unit/ml (CFU/ml).

H. pylori inoculation was performed according

to our protocol in previous study.(27)  Streptomycin sus-

pended in tap water (5 mg/ml) had been administered

to each rat for three days before inoculation.  After 18-

hour fast, one milliliter of H. pylori suspension had

been inoculated into each animal by oral gavage twice

daily at the interval of four hours for three consecutive

days.  Before the next day of inoculation, the rats were

fed with the regular food for 2 hours.  After the last

inoculation, these animals were given free access to

water and standard food.

Chemical preparations

In the experimental group 1 and 2, MNU was dis-

solved in distilled water at a concentration of 30 ppm.

Solution was freshly prepared three times a week, and

was administered ad libitum in a light-shielded bottle

as the drinking water.

In the experimental group 3 and 4, MNU was dis-

solved in citrate buffer (pH 4.5) at the amount of 100

mg per kg rat body weight.  For using in experimental

group 4, saturated NaCl solution (5.2 M NaCl) was

prepared by dissolving NaCl salt in distilled water.

Gastric excision was done under anesthesia us-

ing intraperitoneal injection of thiopental (60 mg/kg).

All tissues were washed twice with ice-cold phosphate-

buffered saline at the concentration of 0.1 mol/L and

pH 7.4, fixed in 4% phosphate-buffer paraformalde-

hyde, and then embedded in paraffin for histological

studies.  Each stomach was cut along the greater cur-

vature into multiple 5 μm-thick sections, which were

tion, N-methyl-N-nitrosourea (MNU), hypertonic salt,

and the combination of these factors.

MATERIALS AND METHODS

Forty-eight male Spraque-Dawley rats at the age

of 6 weeks were purchased from National Laboratory

Animal Center, Mahidol University, Bangkok, Thai-

land.  All animals were housed in stainless cages lo-

cated in a temperature-controlled room with 12-hour

light /12-hour dark cycle and they had freely access to

regular rat chow and water.  The animals were allowed

to acclimate to the housing environment at least 7 days

before experiments.

A total of 48 rats were divided into 4 experimen-

tal groups as described below.

Experimental group 1: H. pylori infection and

MNU administration in drinking water (n = 12)

On the day of experiment, H. pylori suspension

was administered to all rats using the protocol described

later in this paper.  Two weeks after inoculation, the

animals received MNU in their drinking water with a

concentration of 30 ppm for 20 weeks.  Three rats were

sacrificed at the 22nd week, three at the 32nd week, two

at the 42nd week, and four at the 52nd week of the ex-

periment.

Experimental group 2: MNU administration in

drinking water (n = 9)

Each rat was given one milliliter of normal saline

by oral gavage twice a day at an interval of four hours

for three sequential days.  After two weeks, the ani-

mals received MNU in their drinking water with a con-

centration of 30 ppm for 20 weeks.  One rat was sacri-

ficed at the 22nd week, two at the 32nd week, three at

the 42nd week, and the last three at the 52nd week of the

experiment.

Experimental group 3: intragastric MNU admin-

istration (n = 10)

Each rat was given 100 mg/kg of MNU by oral

gavage on the first and the fourteenth day of experi-

ment.  One rat was sacrificed at the 3rd week, one at the

6th week, two at the 9th week, two at the 13th week, two

at the 16th week, and two at the 20th week of the ex-

periment.

Experimental group 4: Hypertonic salt and

intragastric MNU administration (n = 17)

Each rat was given 100 mg/kg of MNU by oral

gavage on the first and the fourteenth day of experi-

ment.  In addition, one milliliter of saturated NaCl was
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ach (Figure 2) at the 52nd week.  Cancer incidence rates

at the 22nd, 32nd, 42nd, and 52nd week were 0% (0/3),

0% (0/3), 0% (0/2), and 50% (2/4) respectively.

In group 2 (MNU ad libitum), non of the rats de-

veloped gastric cancer; however, one of those sacri-

ficed at the 52nd week had glandular distortion of the

stomach.  In group 3 (intragastric MNU administra-

tion), stomach tissues from one rat at the 3rd and 16th

week showed hyperkeratosis of forestomach (Figure

3), which was an early abnormal change of squamous

cell carcinoma (Figure 4).  Moreover, one rat from the

9th week, one from the 13rd week, one from the 16th

week, and two from the 20th week developed squamous

cell carcinomas of forestomachs.  Cancer incidence

rates at the 3rd, 6th, 9th, 13rd, 16th, and 20th week were

0% (0/1), 0% (0/1), 50% (1/2), 50% (1/2), 50% (1/2),

and 100% (2/2) respectively.

In group 4 (intragastric MNU administration and

saturated NaCl), gastric tissues obtained from five rats

at the 3rd, 6th, 9th, and 13rd week showed hyperkeratosis

of forestomach, and one specimen collected at the 16th

week exhibited low-grade squamous dysplasia.  In ad-

dition, one rat from the 6th week, one from the 9th week,

one from the 13rd week, one from the 16th week and

four from the 20th week developed squamous cell car-

cinomas of forestomachs.  Cancer incidence rates at

the 3rd, 6th, 9th, 13rd, 16th, and 20th week were 0% (0/3),

33% (1/3), 50% (1/2), 33% (1/3), 50% (1/2), and 100%

(4/4) respectively.

later stained with hemotoxylin and eosin (H&E).  His-

topathological analyses were performed by a patholo-

gist to evaluate the degree of inflammation, gastric

epithelial cell changes, and cancer development.

This study was conducted in accordance with the

guidelines of animal experimentation established by

the National Research Council of Thailand (NRCT),

1999.

Statistical analysis

The incidence of cancer in each experimental

group was shown in percentage.  The differences in

cancer development among groups were determined

using Fisher’s exact test.  P-value at less than 0.05 was

considered statistically significant.

RESULT

One of the rats in experimental group 1 died from

aspiration at the 42nd week of the experiment without

gastric cancer development.  Others were sacrificed at

aforementioned time.  All data concerning histologi-

cal findings in each group were demonstrated in Table

1 and 2.  In group 1 (H. pylori infection with MNU ad

libitum), all stomach tissues obtained at the 22nd week

showed normal gastric mucosa, while the sample from

one rat sacrificed at the 32nd week showed changing of

gastric gland distortion (Figure 1).  Two rats in this

group developed adenocarcinoma of glandular stom-

Table 1. Histological findings in experimental group 1 and 2.

Week of experiment

Histological findings Week 22 Week 32 Week 42 Week 52

No. of Cancer No. of Cancer No. of Cancer No. of Cancer

case incidence case incidence case incidence case incidence

Group 1

Normal gastric tissue 3 2 2 2

Gastric gland distortion 0 1 0 0

Adenocarcinoma 0 0 0 2

Total 3 0% 3 0% 2 0% 4 50%

Group 2

Normal gastric tissue 1 2 3 2

Gastric gland distortion 0 0 0 1

Adenocarcinoma 0 0 0 0

Total 1 0% 2 0% 3 0% 3 0%

group 1 = H. pylori infection with MNU ad libitum

group 2 = MNU ad libitum
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Table 2. Histological findings in experimental group 3 and 4.

Week of experiment

Week 3 Week 6 Week 9 Week 13 Week 16 Week 20

Cancer Cancer Cancer Cancer Cancer Cancer
No. No. No. No. No. No.

incidence incidence incidence incidence incidence incidence

Group 3

Normal gastric tissue 1 0 1 1 0 0

Hyperkeratosis 0 1 0 0 1 0

SCC 0 0 1 1 1 2

Total 1 0% 1 0% 2 50% 2 50% 2 50% 2 100%

Group 4

Normal gastric tissue 2 1 0 0 0 0

Hyperkeratosis 1 1 1 2 0 0

Squamous dysplasia 0 0 0 0 1 0

SCC 0 1 1 1 1 4

Total 3 0% 3 33% 2 50% 3 33% 2 50% 4 100%

group 3 = intragastric MNU administration

group 4 = intragastric MNU administration and saturated NaCl

Figure 2. Adenocarcinoma of glandular stomach in experimental group1 (A×40, B×100).

Figure 1. Gastric gland distortion in experimental group 1.

A B
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DISCUSSION

As an important medical problem, gastric cancer

has been a topic of interest in many researches.  Ani-

mal studies on pathological and biological aspects of

stomach cancer have been done to determine the po-

tential risk factors, prevention measures, and treatment

options.  Those risk factors include H. pylori infec-

tion, N-nitroso compound, and salt.  In the present study,

we demonstrated the effect of carcinogen exposure on

gastric carcinogenesis.

In several models of gastric cancer, H. pylori could

enhance the carcinogenic effect of N-nitroso compound.

Shimizu N et al.(28) found that the incidence of gastric

adenocarcinoma in Mongolian gerbils treated with

H. pylori and MNU was significantly higher than those

treated with MNU alone.  This was in accordance with

the result from Sugiyama A et al.(29), which illustrated

the enhancing effect of H. pylori infection on gastric

cancer development in Mongolian gerbils received

MNU.  In spite of insignificant difference, our result

indicated that H. pylori infection along with MNU ad-

ministration increased the incidence of adenocarcinoma

in rats, compared to another group treated with MNU

alone.  H. pylori and MNU worked synergistically to

promote gastric carcinogenesis.  H. pylori infection led

to inflammation and epithelial cell destruction, which

made gastric tissues more prone to chemical carcino-

gen exposure.  In the same time, mucosal damage

caused by MNU could increase the rate of H. pylori

infection in rats.(28)  Our insignificant result might be

due to small sample size, and the fact that Mongolian

gerbils used in aforementioned studies were more sus-

ceptible for persistent H. pylori infection than rats and

mice.

We also found that rats treated with intragastric

MNU administration developed more cases of gastric

cancer than those received MNU through their drink-

ing water.  Interestingly, the type of cancer in this group

was a squamous cell carcinoma of the forestomach,

not an adenocarcinoma of glandular stomach.  From

the study by Maekawa A et al.(30), both squamous cell

carcinoma of forestomach and adenocarcinoma of glan-

dular stomach were induced in F344 rats treated with

MNU 100 ppm in drinking water.  The same findings

were also demonstrated in other studies using MNU in

drinking water to induce glandular stomach cancer in

rats and mice.(31,32)  In our study, MNU in drinking water

could not produce gastric cancer neither in forestom-

ach nor in glandular stomach.  This result could be ex-

Figure 3. Hyperkeratosis in experimental group 3.

Figure 4. Squamous cell carcinoma of forestomach in ex-

perimental group 3, and 4 (A×40, B×100).

A

B
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plained by the lower dose of MNU in relation to other

studies, which mostly used 100 ppm of MNU.(30-32)

Intragastric MNU administration might increase the

likelihood of direct contact with forestomach mucosa.

This could explain the greater incidence of squamous

cell carcinoma compared to that of adenocarcinoma in

this model.  Carcinogenic effect of N-nitroso com-

pounds could be associated with DNA alkylation and

reaction with various nucleophiles, especially

amines.(33)  These substances could induce GC  AT

transition, which led to cell-cycle arrest in G2.(34)  Ro-

dent gastric cancer induced by MNNG or MNU in

drinking water or by oral gavage possessed similar

genetic alterations to those in human stomach cancers.

These genetic changes included mutations of oncogene,

β-catenin, ras, and tumor suppressor gene, p53.(35,36)

According to various studies in human, salt and

salted food pose a possible risk to gastric carcinogen-

esis.(22)  Some animal studies also demonstrated the

same results.  Tatematsu M et al.  found that NaCl in-

creased the occurrence of glandular stomach cancer in

rats treated with MNNG and 4-NQO.(37)  Takahashi M

et al.  illustrated that NaCl could promote gastric car-

cinogenesis in a dose-dependent manner.(38)  In the

study by Sorbye H et al.(39), Incidence of forestomach

squamous cell carcinoma increased significantly in rats

pretreated with hypertonic NaCl compared to animals

given MNU alone.  In contrast with previous re-

searches, our study failed to demonstrate the promot-

ing effect of saturated NaCl on stomach cancer devel-

opment.  Although there was no difference in cancer

incidence between a group given NaCl and MNU, and

the one received MNU alone, the incidence of abnor-

mal lesion, namely hyperkeratosis, was higher in NaCl-

treated group.  Moreover, squamous cell carcinoma

tended to develop earlier in rats receiving both MNU

and NaCl.  Cancer-inducing effect of salt could be ex-

plained by its ability to increase cancinogen uptake by

gastric mucosa(40), and its stimulating effect on DNA

synthesis, which increased cell susceptibility to mu-

tagens(41).  Hypertonic NaCl also decreased gastric

mucin viscosity, thereby decreasing protective ability

of mucous barrier.(20)  Possible explanations for nega-

tive results in our study might be a small sample size,

and short duration of exposure or observation.  In the

study by Takahashi M et al.(38), they had administered

NaCl solution for 82 weeks before sacrificing the ani-

mals.  Longer exposure time might be needed before

sodium chloride exerted its carcinogenic effect.

In conclusion, in rats model, H. pylori along with

MNU in drinking water could induce adenocarcinoma

of glandular stomach, while intragastric MNU admin-

istration with or without hypertonic NaCl led to the

development of squamous cell carcinoma of forestom-

ach.  A simplified models of gastric cancer presented

in this study can be used to determine risk factors,

mechanisms, and to evaluate efficacy and effective-

ness of various prevention measures and treatment

options for the further study.
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