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The Effects of Sodium Chloride, Miso or Ethanol on Development of Intestinal

Metaplasia after X-Irradiation of the Rat Glandular Stomach

Hiromitsu Watanabe,! Taro Okamoto, Tadateru Takahashi, Peter Osa Ogundigie and
Akihiro Ito

Department of Cancer Research, Research Institute for Nuclear Medicine and Biology, Hiroshima
University, Kasumi 1-2-3, Minami-ku, Hivoshima 734

The influence of sodium chloride (NaCl), miso (Japanese soybean paste) and ethanol on development
of intestinal metaplasia was examined. Five-week-old male CD(SD}: Crj rats were treated with two 10
Gy doses of X-rays to the gastric region at a 3-day interval (total 20 Gy). After irradiation, the rats
received supplementation with NaCl (1% or 109 in diet), miso (10% in diet) or ethanol (10% in
drinking water) for 12 months. The number of alkaline phosphatase-positive foci of intestinal
metaplasia in rats given 1% NaCl diet (Group 3) after X-rays was significantly elevated as compared
to that in rats given X-rays alone (Group 1) (P<0.01) or X-rays with 109% NaCl (Group 2) (P<0.,01).
In the pyloric gland mucosae, the total numbers of metaplastic foci in rats of Group 3 were much
higher than in Group 2, or after miso diet (Group 4) or ethanol supplementation (Group 5) (F<0.01),
but no difference was found between Group 2, 4 or 5 and Group 1. Atypical hyperplasia only appeared
at incidences of less than 6% in Groups 1-3 and no promoting effect on gastric tumorigenesis was
evident in Group 2. The present results thus showed that the occurrence of intestinal metaplasia
induced by X-irradiation can be significantly increased by administration of 1% NaCl and decreased

by 10% NaCl and ethanol, but this is not associated with any influence on gastric neoplasia,
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Intestinal metaplasia in the glandular stomach has
been considered to be a precursor lesion for well differen-
tiated gastric adenocarcinoma."™ Tmai et al reported
that intestinal metaplasia was more frequent in Japanese
individuals than in American whites,”® and considered
this was chiefly based on differences in food intake be-
tween the two countries.” Intestinal metaplasia can be
experimentally induced by chemical carcinogens,'®'®
X-irradiation,””™ chemical carcinogens plus X-irradia-
tion®™» or application of xenogenic stomach antigens.
Nevertheless, its pathogenesis remains unclear. The
present paper describes an investigation of the effects of
NaCl, miso or ethanol on intestinal metaplasia induced
by X-irradiation. The aim of the experiments was to clarify
the potential role of cultural differences in consumption
of these important materials in generating the observed
differences in intestinal metaplasia.

MATERIALS AND METHODS

Animals Five-week-old male Crj;:CD(8D) rats (Charles
River Japan Inc., Hino) were used in the present
study. They were housed three or four per cage in poly-
carbonate cages and were kept under constant condi-
tions of temperature (24+2°C), and relative humidity
(55X 10%) with a 12 h light/12 h dark cycle. Animals
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were maintained under the guidelines set forth in the
“Guide for the Care and Use of Laboratory Animals”
established by Hiroshima University.

X-irradiation Rats were anesthetized with Nembutal
and X-irradiated according to the method described pre-
viously."2? A 0.6-cm-thick lead cover, with a hole 1.8 cm
in diameter, was ositioned so that the hole lay over the
gastric region of the rats. All animals were given two
X.ray doses of 10 Gy each with a three-day interval
(total 20 Gy). Exposure factors were as follows: 200
kVp, filter 0.5 Cu + 1.0 Al, half-value layer 1.18 mm Cu,
at a dose rate of 90 R/min as measured with a Radicon
555 decimeter. The X-ray air dose (in R) was then
converted to the absorbed dose (in cGy) using a factor of
0.95 cGy/R.

Experimental design Two hundred and twenty-eight rats
were divided into 10 groups. After the second irradiation,
rats were fed normal (Oriental MF, Oriental Yeast Co.,
Ltd., Tokyo, Group 1, total NaCl concentration 0.32%)
diet supplemented with 1092 NaCl (Group 2, Wako Pure
Chemical Ind., Ltd., Osaka; total NaCl concentration
10.32%), 1% NacCl (Group 3; total NaCl concentration
1.329), or 109 miso {Group 4, Japanese soybean paste,
Cyuou Misc Kyoukai, Tokyo; total NaCl concentration
2.52%), or drinking water supplemented with 109% etha-
nol (Group 5) throughout the experiment. Unirradiated
control animals were maintained on the 10% NaCl
(Group 6), 1% NaCl diet (Group 7), miso diet (Group
8) and ethanol alone (Group 9) or without any supple-
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ment {(Group 10). All had free access to food and water
throughout.

Examination of animals All animals were regularly
observed and killed at the termination of the experiment
after 12 months. The stomachs were cut open along the
greater curvature, stretched out and pinned on a board
with the mucosal surface facing upward. Each stomach
was washed several times with physiological saline before
gross examination, and fixed in 10% neutral formalin.
Alkaline phosphatase (ALP) activity in the gastric
mucosa was determined by the naphthol-AS-MX-
phosphate-fast blue RR staining method.”” The numbers
of crypts with ALP activity in both the pylorus and
fundus were counted using a dissecting microscope
employing a double-blind protocol.

Strips of the stomach were cut perpendicularly to the
mucosal surface, two strips being taken through the
lesser curvature and four through the greater curvature,
The strips were embedded in paraffin and serially
sectioned at 3 ym. Sections were routinely stained with
hematoxylin and eosin, and for clarification when neces-
sary, the periodic acid Schiff (PAS)-alcian blue and
high-iren diamine (HID)-alcian blue (AB)*® staining
procedures were introduced.

Gastric lesions in the glandular stomach were classified
into atypical hyperplasia and adenocarcinoma catego-
ries.” The numbers of intestinal metaplastic crypts on
the same slide were counted separately for both the
pyloric glands and the fundic glands in a double-blind
fashion. Metaplastic crypts within 5 crypts from the
pyloric ring were not scored.

For quantitative analysis, heights of stomach mucosa
in both the pyloric and fundic areas were measured with

the aid of an image analyzer (Model CIA 102, Olympus
Co., Tokyo) coupled with a color TV monitor,
Statistical analysis The significance of differences in
numerical data was evaluated by using the chi-squared
test or Student’s ¢ test and by fitting calibration lines
using a linear equation.

RESULTS

Thirty-one animals died from pneumonia and dehydra-
tion. The mean body weights of rats at the 1 year autopsy
time point in the 10% NaCl and ethanol groups were
significantly decreased as compared to the respective
control values (Table I).

AL P-positive metaplastic foci in both the pylorus and
fundus were more frequently found in the X-irradiated
Groups 1, 3 and 4 than in Groups 2 and 5, and were
almost absent in the non-irradiated Groups 6 to 10
{Table I). Most foci developed in the pylorus. In Group
3, ALP foci were larger than those in Group 1, 2 or 4
(Fig. 1). The average numbers of foci of intestinal
metaplasia with ALP activity in both pylorus and fundus
combined were significantly increased in Group 3 (X-
ray +1%NaCl) over those in Group 1 (X-ray alone,
P<0.01) and Groups 2, 4 and 5 {P<0.01; Table II).

Total incidences of intestinal metaplasia on the basis
of histological findings were over 88% in the irradiated
Groups 1 to 5, and 10 to 23% in Groups 6 to 8 with no
metaplastic glands being observed in Groups 9 to 10
(Table I). Average numbers of foci of intestinal meta-
plasia are summarized in Table II. In the pylorus, total
numbers of intestinal metaplasia were decreased in the
animals receiving 10% NaCl or ethanol while supple-

Table I. Body Weight and Incidences of Intestinal Metaplasia and Gastric Tumors
Animal No. Body Intestinal metaplasia (%)
Group Treatment weight (g) ATP?
Initial Effective  (mean+SD) ALP®  Pylorus Fundus Total
1 X-ray 20 16 62888 (88) 15 (94) 10 (63) 16 (100) 1 (6)
2 X-ray+10%NaCl 20 16 419£739  (30) 16 (100} 3 (19) 16 (100) 1(6)
3 X-ray+ 1%NaCl 30 26 399+81 (100) 25 (96) 6(23) 26 (100) 0
4 X-ray + Miso 35 31 60992 94) 29 (94) 10(29) 30 (97) 1 (3
5 X-ray + Ethanol 20 16 399+919 (14) 13 (81) 4(25) 14 (28) 0
6 1096 NaCl 20 17 522 +76° (1)} 4 (23) O 4 (23) 0
7 19 NaCl 20 19 66153 (1D 4 21y 0O 4 (21) 0
8 Miso 30 29 625+63 (0) 3 (1) © 3 (10) o
9 Ethanol 18 15 418419 (0) 0 0 0 0
10 Control 15 12 611132 0) 0 0 0 0

a) Foci detected as ALP-positive.
b) Tubular atypical hyperplasia.

¢) Significantly different as compared to Group 1 (P<0.01).
d) Significantly different as compared to Group 10 (P<0.01).
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Fig. 1. ALP-positive metaplastic foci in Group 1 (a) were
smaller than those in Group 3 (b).
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mentation with 19 NaCl was associated with a tendency
for increase (Table II). In the fundic gland mucosa, the
total numbers of metaplasia were significantly decreased
in Group 5 and showed a tendency for reduction with
the other treatments. Combination of data for pyloric
and fundic mucosae revealed metaplastic foci in Groups
2, 4 and 5 to be significantly fewer than in Group 1
(P<<0.01).

Pyloric mucosa height was significantly greater in
Group 2, 3, 4, or 6 than in Group 10 (P<0.01) and lower
in Group 9 (P<0.01). The height of the fundic glands in
Group 1, 3, 4, 6, or 9 was significantly smaller than in
Group 10 (P<0.01) (Table IIT). No obvious alteration
in cell size was evident in the pyloric or fundic glands of
any group. Parietal cell mass in irradiated groups except
in Group 2 was decreased.

In Group 2, erosion or ulceration was observed and
atypical hyperplasias developed in the glandular stomach
at incidences of 6, 6, and 3% in Groups 1, 2 and 4,
respectively (Table I). No adenocarcinomas of the glan-
dular stomach were observed in this experiment.

DISCUSSION

In the present investigation, administration of 1%
NaCl significantly enhanced the development of intesti-
nal metaplasia after X-irradiation, whereas both 10%
NaCl and ethanol were inhibitory. No obvious effect on-
atypical hyperplasias, considered to be preneoplastic le-
sions of the glandular stomach, or adenocarcinomas was
evident, however.

Many authors consider that stomach cancer and intes-
tinal metaplasia are caused by similar environmental
factors.” ***" High salt diet has been proposed as a major

Table II. Numbers of Foci of Intestinal Metaplasia (mean*SD)
T Pyl Fund Pylorus + Fundus

Group reatment ylorus undus Total ALPY
1 X-ray 9.811.7 33x1.3 13.7x2.1 kY st
2 X-ray+ 10%NaCl 2.4+0.59 0.7+0.9 2.7+0.5% 12459
3 X-ray+ 19%NaCl 15.3+13.79 1.1+2.3 16.9+14.09 93+56"
4 X-ray + Miso 7.5+1.3% 0.7+1.3 8.4+4.9%9 511487
5 X-ray +Ethanol 2.2+0.6% 0.80.59 3330789 23459
6 1096 NaCl 0.3*0.1 0 0.310.1 11
T 19:NaCl 0.3L£0.6 0 0.11+0.6 0.3x1.0
8 Miso 0.1+0.4 0 0.1x04 0
9 Ethanol 0 0 0 0

10 Control 0.2x0.1 0 0.2+0.1 0

a) Foci detected as ALP-positive,

b) Significantly different from X-ray alone (P<0.01).
) Significantly different from X-ray --10%NaCl (P<0.01}.
d) Significantly different from X-ray +1%NaCl (P<0.01).

) Significantly different from X-ray (P<0.05).
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Table III. Heights of Glandular Stomach Epithelium
Group Treatment Height (m, mean - SD)
Pylorus Fundus
1 X-ray 201 £53% 6771079
2 X-ray+10%NaCl 2871429 858111
3 X-ray+ 1% NaCl 220+ 599 731+ 107®
4  X.ray+ Miso 210+529 78311167
5 X-ray + Ethanol 180+41 8121130
6 109 NaCl 291+559 735+ 607
7 1% NaCl 2134430 908117
8 Miso 195+472 838110
9  Ethanol [26+25% 74041189
10 Control 171£34 8721106

a) Significantly different as compared to Group 10 (P<0.01).
b) Significantly different as compared to Group 10 (P<0.05).

cause of the development of both,®>” whereas alcohol
consumption appears to be without influence.**® In rat
experiments, gastric tumorigenesis was found to be pro-
moted by 109% NaCI**** but not 10% ethanol,** 19
NaCl or miso diet.*® It is well known that 109 NaCl
causes cell proliferation in the pyloric glands*® and a
number of authors have indicated that enhancing effects
on gastric carcinogenesis may be directly related to stim-
ulation of cell proliferation and elongation of the
mucosa.”*** " If intestinal metaplasia, which is widely
considered to have precancerous status for gastric
tumors in man,” is also histogenetically involved in
development of glandular stomach tumors in the rat, we
should expect it to be increased by 109 NaCl diet. In the
present experiment, however, while the pyloric mucosa
height was increased by administration of 10% NaCl
diet, a decrease in the number of intestinal metaplasias
and no increase of gastric tumors were observed. It seems
that no intestinal metaplasia was precancerous in nature
in this experiment. Recently, extensive study has eluci-
dated many genetic alterations which occur relatively
frequently in gastric cancer, e.g., amplification of the
c-erbB-2 gene, amplification of K-sam, point mutation
of ¢-K-ras,*® mutation of p53,** TPR-MET rearrange-
ment,*” loss of heterozygosity at the DCC locus*” and
mutation of the APC gene,” and in intestinal metaplasia
e.g., TPR-MET oncogenic rearrangement.”” Further
study at the molecular level will be required to deter-
mine the precancerous status of intestinal metaplasia.

In general, daily intake of NaCl in food has been
calculated to be about 12.2 g for the Japanese (2.8%)"™
and 5 g/day (recommended) in the USA.* The control
level of NaCl exposure in the present experiment was
therefore similar to that of Japanese. While the higher
incidence of intestinal metaplasia in Japanese might be
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because of the 2.89% NaCl intake as compared to less
than half this figure in Western people, the present data
do not suggest any clear correlation between consump-
tion and development of this lesion. Thus, the highest
level of intestinal metaplasia was found with a 19 NaCl
supplement and not the 109 concentration known to
promote gastric tumorigenesis. Both 109% salt and etha-
nol treatments caused a significant decrease in body
weight. Generalized malnutrition was recognized as an
inhibitor of tumor growth in experimental animals over
70 years ago.*”’ Feeding animals calorie-restricted diets
decreases mammary-tumor incidence in a dose-depen-
dent manner* and decreases colon cancer incidence and
size.” The mechanisms underlying the observed de-
crease with both 1092 NaCl and alcohol administration
were not established, however.

An inverse correlation was observed between the aver-
age number of foci of intestinal metaplasia with ALP
activity (Table III) and the height of the fundic gland in
the irradiated groups (y=—0.3x+276, r=—0.69). A
similar inverse correlation between fundic gland height
and total numbers of metaplastic lesions was also ob-
served (y=—0.08x+71, r=—0.91). In this study, pH
values were not ascertained but parietal cell mass was
decreased and no increase in parietal cell size was evi-
dent, Watanabe et al*” earlier reported that an inverse
relationship exists between the number of parietal cells
and pH during normal development, with a decrease in
cell number causing an increase in pH value. We there-
fore proposed as a working hypothesis that an elevation
of the pH of the gastric juice due to the disappearance of
parietal cells in the fundic gland mucosa may be one of
the principal factors responsible for the development
of intestinal metaplasia.'® ' The results of the present ex-
periment support this working hypothesis.

The fact that erosion and ulceration were observed in
the X-ray plus 109 NaCl group, while intestinal meta-
plasia was decreased, is of interest. In one case intestinal
metaplasia appeared in the regenerating epithelium of an
ulcer but not in the ulcer itself. Moszkowicz*® considered
that metaplastic glands might be formed in the process of
regeneration of ulcer or erosion and Konjetzny* pointed
out an association between intestinal epithelium and the
severity of inflammatory changes. Mangus® further
suggested that the presence of intestinal epithelium in the
stomach is the result of faulty regeneration of surface
epithelium in a mucosa repeatedly damaged by gastritis
and is an example of metaplasia resulting from chronic
irritation. The question of how our data fit with these
hypotheses clearly warrants further study, as does the
question of whether intact gastric mucosa or regenerat-
ing epithelium is prerequisite for induction of intestinal
metaplasia. Our model would appear to be of advantage
for answering these points.
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