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Abstract

AIM: To investigate the effect and significance of selenium
in early experimental gastric carcinogenesis.

METHODS: Weaning male Wistar rats were divided
randomly into normal control group, experiment control
group, low selenium (2 mg/L) group and high selenium
(4 mg/L) group. Wistar rat gastric carcinogenesis was
induced by N-methyl-N-nitro-N-nitroso guanidine (MNNG)
(20 mg/kg) gavage daily for 10 d. Na2SeO3 was given by
piped drinking 1 wk prior to MNNG gavage. The rats were
killed at the 43rd wk. The surface characteristics of gastric
mucosa were observed with naked eyes. Histopathologic
changes of rat gastric mucosa were observed by HE
staining and AB-PAS methods. The changes of cellular
ultrastructure were observed under transmission electron
microscope. Statistical analysis was carried out by SPSS.

RESULTS: The incidence rate of gastric mucosa erosion,
hemorrhage and intestinal metaplasia was 0, 45.5%,
66.7%, and 92.9%, respectively (92.9% vs 45.5%, P<0.05)
in the normal control group, experiment control group,
low selenium group, and high selenium group. Leiomyoma
formed in the process of inducement of rat gastric
carcinoma. Dietary Na2SeO3 (2 and 4 mg/L) slightly increased
the incidence rate of leiomyoma (0, 23%, 46.6%, and
46.6%). gastric mucosa did not change in the course of
rat gastric carcinogenesis. Dietary Na2SeO3 by pipe drinking
could expand the intracellular secretory canaliculus of
parietal cells and increase the number of endocrine cells
and lysosomes.

CONCLUSION: Dietary Na2SeO3 by pipe drinking aggravates
gastric erosion, hemorrhage and promotes intestinal
metaplasia of gastric mucosa. The mechanism may be
related with the function of parietal cells.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Gastric cancer results from chronic superficial gastritis,
atrophic gastritis, intestinal metaplasia, and heterotypic
hyperplasia. Previous studies showed that selenium (Se)
supplementation or selenium deficiency causes changes in
the cellular ultrastructure[1-4]. Selenium is an essential trace
element in mammals. The results of laboratory investigations
and cohort studies suggest that selenium exhibits a bivalent
effect in cancer, either increasing or decreasing the risk of
cancer[5,6]. We conducted this study to investigate the effect
and significance of selenium in experimental gastric
carcinogenesis.

MATERIALS AND METHODS

Materials
A total of 62 weaned male Wistar rats, weighing 31-56 g,
were purchased from Department of Experimental Animals,
Health Science Center of Peking University. The rats were
housed in wire-bottomed metal cages at controlled
temperature (21-22 ℃) with a humidity of 30-50%, and in
light-dark cycle. The rats were divided into the normal
control group (group 1) which was given dimethyl sulfoxide
(DMSO)-0.9% NaCl vehicle gavage with drinking normal
tap water, experiment control group (group 2) which was
given N-methyl-N-nitro-N-nitroso guanidine (MNNG),
20 mg/kg (presented by Professor Deng-DJ) gavage with
drinking normal tap water, low selenium (2 mg/L) group
(group 3) which was given MNNG (20 mg/kg) gavage
with drinking water containing 2 mg selenium/L as sodium
selenite before 1 wk administration of MNNG, or at the
beginning of the experiment, and high selenium (4 mg/L)
group (group 4) which was given MNNG (20 mg/kg) gavage
with drinking water containing 4 mg selenium/L as sodium
selenite before 1 wk administration of  MNNG (Table 1).

Methods
The rats in groups 2-4 were given MNNG (20 mg/kg)
gavage daily for 10 d, 1 wk after the experiment. MNNG
was dissolved in DMSO at the concentration of 100 g/L



4458          ISSN 1007-9327     CN 14-1219/ R     World J Gastroenterol     August  7, 2005   Volume 11   Number 29

and kept in a cool, dark place. The stock solution was
diluted to 1 g/L with 0.9% physiological saline before use.
The rats in normal group were given DMSO-0.9% NaCl
vehicle gavage. Selenium containing water was prepared.
The low and high selenium groups were given selenium
containing water at the beginning of experiment, 1 wk before
administration of MNNG. The experiment rats had free
access to diet and water. The animals were examined and
weighed twice a week.

The animals were killed at the 43rd wk. The rats were
starved for 12 h and anesthetized with 2.5% pentobarbitone
intraperitoneal injection before they were killed. The
stomach and other organs of the rats were carefully examined.
Tissues from the stomach were fixed in 10% neutral
Phosphate-buffered formalin solution and embedded in
paraffin. Serial sections (5-6 m thick) were obtained from
the stomach and stained with hematoxylin and eosin (HE),
or Alcian blue-Periodic acid-Schiff  (AB-PAS). Metaplasia
of gastric mucosa was found as blue or purple blue granules
in gastric mucosa cells after AB-PAS staining. For electron
microscopy, the tissues from stomach were fixed for 2 h at
4 ℃ in 2.5 glutaraldehyde solution in 0.1 mol/L phosphate
buffer, postfixed in 1.0% osmium tetroxide in the same
buffer at 4 ℃ for 1 h, and then embedded in Epoxy resin.
Ultrathin sections were stained with uranium acetate and
lead acetate according to double stained method. The results
were examined under a JEM-JEOL 100× electron microscope.

Statistical analysis
The clinicopathological results were statistically analyzed by
SPSS software and 2 test.

RESULTS

Clinicopathological results
The results are shown in Table 2. The stomachs in the normal
control group were smooth on the surface of serosa. Their
inner surfaces clearly presented longitudinal branching folds
and gastric pits. All the surface cells of rat gastric mucosa
in group 1 had violet red granules (Figure 2A). Erosion and
hemorrhage of gastric mucosa were found in 10 of 22 rats
(45.5%) in the experimental control group (Figure 1A).
There were many blue or purple blue granules in the erosive
gastric mucosa of group 2 (Figure 2B). Similar erosive,
hemorrhagic and intestinal metaplasia of gastric mucosa
was found in 10 of 15 rats (66.7%) of low selenium group,
13 of 14 rats (92.9%) of high selenium group. The incidence
rate of intestinal metaplasia was significantly higher in low
and high selenium groups than in experiment control group
(P<0.05). The incidence of intestinal metaplasia was not
significantly different between the high and low selenium
groups. There were no significant changes by HE staining,

but the glandular cavity of fundic gland was slightly larger
in high selenium group than in the other groups. In
experimental control group, a single neoplasm was found
on the surface of serosa breaching the serosa (Figure 1B).
The diameter was about 0.2-1 cm. A similar neoplasm was
also found in low and high selenium groups. The incidence
of neoplasm was slightly higher in these two groups than in
experimental control group. The neoplasm was diagnosed
as leiomyoma by HE staining.

Figure 1  Erosive mucosa of ra t stomach (A) and le iomyoma under
serosa (B).

Figure 2  Normal mucosa (A) and erosive mucosa (B) of rat stomach,
AB-PAS, ×200.

Table 2  Results of pathologic diagnosis

Number of rats  Incidence rate of         Incidence rate of
   leiomyoma (%)     intestinal metaplasia

    (%)

Normal control               10               0      0

Experimental control         22                23     45.5

Low selenium               15                46.6     66.7a

High selenium               14                42.8     92.9a

aP<0.05 vs experiment control group.

Table 1  Groups of Wistar rats

Group Number  Dose of MNNG (mg/kg) Dose of selenium in water (mg/L)                  Time of selenium given

Normal control       10    0            0                /

Experimental control       22   20            0                /

Low selenium       15   20            2              1 wk before MNNG gavage

High selenium       15   20            4              1 wk before MNNG gavage

A B

A B
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Ultrastructural changes of gastric mucosa
In normal control group, the most distinctive feature in the
ultrastructure of gastric mucosa was the presence of a deep
invagination of  the apical membrane forming a secretory
canaliculus. The membrane lining the canaliculus had
numerous microvilli projecting into its lumen. About 40%
of the cytoplasmic volume was occupied by large
mitochondria (Figure 3). Fewer endocrine cells were found
in the normal gastric mucosa. Pinosomes distributed in the
capillary endothelium of  normal control group were large
in diameter. Compared to normal control group, the secretory
canaliculi in parietal cells were scarce, microvilli projecting
into canaliculus lumen were sparse, the pinosomes were more
in number and smaller in diameter than in experimental control
group. Compared to the normal and experimental control
groups, the following characteristics were observed in
selenium supplement group: (1) the secretory canaliculus
expanded and the microvilli projecting into canaliculus were
scarce (Figure 4); (2) endocrine cells scattered in gastric
mucosa contained granules with a different diameter and
high electron density, there were a few secondary lysosomes
in cytoplasm of some endocrine cells (Figure 5); (3) more
eosinophils were found in the erosive gastric mucosa (Figure 6);
(4) the chief cells had abundant rough endoplasmic
reticulum, mitochondria were more in number and larger
in volume; (5) the pinosomes in capillary endothelium were
slightly less. These characteristics were significant in high
selenium group.

DISCUSSION
Selenium, a constituent of antioxidant enzyme, has been
proposed as a chemopreventive agent for many kinds of
cancer[7-10]. Selenium supplement to diet or drinking water
can prevent tumorigenesis and decrease the incidence rate
of cancer[11-14]. The effect of selenium on carcinoma is still
controversial[5,6]. It was reported that selenium promotes
carcinogenesis and tumor development[15]. Gastric cancer
is the second most frequent cause of cancer death in the
world and the leading cause of cancer death in China. Studies
have been focused on randomized nutritional intervention
trial to prevent gastric cancer[16-20] and epidemiology in serum
selenium concentrations and esophageal and gastric
cancer[21]. Wu et al[21 ], reported that gastric cancer tissues
have significantly higher concentrations of  Fe, K, Mg, Na,
Rb, Se, and Zn than normal gastric mucosal tissues. At
present, the information on the effect of  selenium in early
experimental gastric carcinogenesis is scarcely available. This
experiment was conducted to investigate the effect and
significance of selenium on experimental gastric carcinogenesis
by morphologic methods. The findings in this study showed
that 2.0 and 4.0 g/L selenium in drinking water for 43 wk
aggravated gastric mucosa erosion and hemorrhage and
promoted intestinal metaplasia of gastric mucosa. Because
gastric cancer results from chronic superficial gastritis,
atrophic gastritis, intestinal metaplasia, heterotypic hyperplasia,
supplement of selenium as sodium selenite does not decrease
the risk of  gastric cancer induced by MNNG. Furthermore,
leiomyoma formed in the process of  gastric carcinogenesis

Figure 4  Expansion of intracellular secretory canaliculi of parietal cells in high
selenium group, TEM 5.8×103.

Figure 3  Intracellular secretory canaliculi of parietal cells in normal control
group, TEM 5.8×103.

Figure 5  Endocrine cells and secondary lysosomes in high selenium group,
TEM 10×103.

Figure 6  Infiltration of eosinophils in gastric mucosa of high selenium group,
TEM 10×103.



induced by MNNG. Dietary Na2SeO3 (2 and 4 mg/L)
increased the incidence of leiomyoma. Since the general
dose of selenium is 0.5-6 g/mL (or /g)[22] supplemented to
diet and drinking water, the selenium dose in this study did
not reach the toxic limits. Consequently the effects of
sodium selenite maybe related to the kind of selenium, type
of cancer, and different carcinogens.

Selenite induces oxidation and cross-linking of protein
thiol groups, mitochondrial permeability transition, decrease
in mitochondrial membrane potential, and release of
cytochrome C in mitochondria isolated from rat liver,
thus possibly inducing tumor cell apoptosis[1]. Zhong and
Oberley[2] reported that oxidative stress is induced by
sodium selenite at high concentrations, but outcomes are
different. After acute exposure to selenite, cells display
mitochondrial injury and cell death. After chronic exposure
to selenite, cells show growth inhibition due to cell cycle
arrest, increase the number of mitochondria and the levels
of mitochondrial enzymes. Lysosomes in the liver and
kidneys of selenium-deficient rats are enlarged and contain
electron-dense areas[3]. Demirel-Yilmaz et al[4], reported that
low or high doses of sodium selenite and vitamin E in diet
can alter the microvascular permeability of  different organs.
Our findings in this study indicate that selenium supplement
can lead to the expansion of secretory canaliculus, increase
in the number of endocrine cells in gastric mucosa,
alterations in the mitochondria and changes in the number
and shape of  pinosomes. Furthermore, our results also indicate
that selenium supplement as sodium selenite can alter the
ultrastructure of gastric mucosa. Though we did not find gastric
cancer and gastric precancerosis, the results indicate that
selenium supplement cannot prevent gastric carcinogenesis
in early period of MNNG-induced gastric cancer. These
mechanisms should be studied by future experiments.
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