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Abstract

AIM: To establish an experimental animal model of chronic
gastritis in a short term and to investigate the effects of
several potential inflammation-inducing factors on rat
gastric mucosa.

METHODS: Twenty-four healthy, male SD rats were treated
with intragastric administration of 600 mL/L alcohol, 20
mmol/L sodium deoxycholate and 0.5 g/L ammonia (factor
A), forage containing low levels of vitamins (factor B), and/
or indomethacin (factor C), according to an L8(27)
orthogonal design. After 12 wk, gastric antral and body
mucosae were pathologically examined.

RESULTS: Chronic gastritis model was successfully induced
in rats treated with factor A for 12 wk. After the treatment
of animals, the gastric mucosal inflammation was significantly
different from that in controls, and the number of pyloric
glands at antrum and parietal cells at body were obviously
reduced (P<0.01). Indomethacin induced gastritis but
without atrophy, and short-term vitamin deficiency failed
to induce chronic gastritis and gastric atrophy. In addition,
indomethacin and vitamin deficiency had no synergistic effect
in inducing gastritis with the factor A. No atypical hyperplasia
and intestinal metaplasia in the gastric antrum and body
were observed in all rats studied.

CONCLUSION: Combined intragastric administration of
600 mL/L alcohol, 20 mmol/L sodium deoxycholate and
0.5 g/L ammonia induces chronic gastritis and gastric
atrophy in rats. Indomethacin induces chronic gastritis only.
The long-term roles of these factors in gastric inflammation
and carcinogenesis need to be further elucidated.
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INTRODUCTION
Chronic gastritis including chronic atrophic gastritis (CAG) is
common and CAG is a precancer lesion. It is very important to
study the etiology of chronic gastritis, especially CAG. We
established an experimental animal model of chronic gastritis
and investigated the effects of inducing factors on gastric
mucosa of rats.

MATERIALS AND METHODS
Animals
Twenty-four healthy, male SD rats weighing 270-290 g were
involved in this study. Animals were housed in a controlled
environment with a 12/12 h light /dark cycle. The care and
handling of the animals were in accordance with the National
Institutes of Health Guidelines for the Care and Use of
Laboratory Animals.

Chemicals and experimental design
Pure ammonia (Wujin Chemicals Factory,Jiangsu, China) was
used to be diluted to a 0.5 g/L solution. Pure alcohol (Yixing
Nanxin Chemicals Factory, Jiangsu, China) was diluted to a
60% solution and sodium deoxycholate (DOC-Na) (SERVA
Company) was dissolved into sterilized water to make a 20 mmol/L
solution. A mixture of carboxymethyl cellulose containing
0.5 mg/mL indomethacin was dispensed.
       In this study, an L8(27) orthogonal test was used and  comprised
8 testing members, 3 treatment factors (A,B and C) and 2 levels
(with or without treatment). Triple tests were conducted and 24
rats were used.  Factor A: 0.5 g/L ammonia solution was used
as drinking water everyday, intragastric administration of 2 mL
of 600 mL/L alcohol was given twice in fasting per week and
intragastric administration of 2 mL of 20 mmol/L DOC-Na without
fasting everyday but intragastric administration twice in fasting
per week was also given. Factor B: forage containing less vitamin
was given. Factor C: intragastric administration with 1mg
indomethacin was given everyday. All above doses were used
for each rat, the testing period was 12 wk. The control rats had
free access to normal rat chow and water.

Histology study
All rats were sacrificed with luxation of cervical vertebra and
their stomachs were removed after 12 wk. Gastric mucosa for
histological examinations was cut along the lesser curvature
from the lower esophagus to the upper duodenum. Samples
were immersed in buffered 40 g/L formaldehyde and embedded
in paraffin. Paraffin sections were sliced, mounted on glass
slides and stained with hematoxylin and eosin (H&E) for
histological study. Inflammation grades of gastric antrum and
body were based on semi-quantity. Four inflammation grades
were classified in accordance with pathological diagnosis of
chronic gastritis set up on Huston symposium in 1994[1]. Four
typical signs of inflammation grades were described: 0: no
inflammation, the presence of few leukocytes infiltration in
gastric mucosa; 1: mild inflammation, a few leukocytes
infiltration in upper mucosa or at bottom of gastric glands; 2:
moderate inflammation, a large number of leukocytes infiltration
in total mucosa; 3: severe inflammation, leukocytes infiltration
in heaps in total mucosa. Each inflammation grading result was
based on an average of grades of 10 fields under microscope.
Thickness of lamina propria mucosa of the stomach was
measured at given points which was 150±10 µm away from the
boundary of forestomach in body while 150±10 µm away from
pyloric ring in antrum. Percentage ratio of pyloric gland area to
total lamina propria area at gastric antrum was 100 µm to 200 µm
away from pyloric ring. Also 10 intact oxyntic glands were
observed at the above points in gastric body, parietal cell
number in each gland and the median number were calculated.



Statistical analysis
All data were analyzed by using variance analysis of an L8 (27)
orthogonal test. P<0.05 was considered statistically significant.

RESULTS
Effect of inflammation grades on gastric mucosa
At antrum, inflammation grade of gastric mucosa induced by a
single factor A was 1.50, 1.67 and 1.75 respectively on three
repeated tests. It was significantly higher than that of the control.
The grade induced by factor C also was higher than that of the
control (P<0.01, Table1, Figure1). However, combined treatment
of factors A+B+C, A+B, A+C had no effects on enhancing
inflammation grades induced by a single factor A. In addition, a
single factor B had no effect on inducing gastritis and inflammation
grades induced by combined treatment of factors B+C had no
difference from that induced by a single factor C (Table 1). The
results were similar at gastric body (Table 1, Figure 2).

Figure 1  Severe infiltration of inflammatory cells, decreased
thickness of lamina propria and lessened pyloric glands in
gastric antrum of rats with gastritis induced by factor A. The
results induced by factors A+B+C, A+C, A+B were similar.
HE stain×100. Factor A: Combined intragastric treatments of
600 mL/L alcohol, 20 mmol/L sodium deoxycholate and 0.5 g/L
ammonia;Factor B: Treatment of forage containing low levels
of vitamins; Factor C: Treatment of indomethacin.

Figure 2  Severe infiltration of inflammatory cells, decreased
parietal cells in oxyntic glands in gastric body of rats with gastri-
tis induced by factor A with no changes in thickness of lamina
propria. The results induced by factors A+B+C, A+C, A+B were
similar. HE stain×100. Factor A: Combined intragastric treat-
ments of 600 mL/L alcohol, 20 mmol/L sodium deoxycholate
and 0.5 g/L ammonia; Factor B: Treatment of forage contain-
ing low levels of vitamins; Factor C: Treatment of indomethacin.

Effect of glandular atrophy on gastric mucosa
At antrum, the lamina propria mucosa of rats induced by single
factor A was much thinner than that of the control (P<0.01,
Table 2) while the lamina propria of rats induced by single
factor B or C had no difference from that of the control and
there was no statistical difference between that of rats induced
by factors A+B+C, A+B, A+C and that of rats induced by
single factor A (Table 2). By calculating the percentage ratio of

pyloric gland area to total lamina propria area at antrum, we
found the results were similar (Table 3, Figure 1). In addition,
we found that although factors A, B or C had no effect on
inducing the changes of lamina propria in gastric body, factor
A induced a decrease of parietal cells in oxyntic glands.
However, combined treatment of A+B+C, A+B, A+C had no
synergistic effect with single factor A (Tables 2, 3 and Figure 2).
Also no atypical hyperplasia and intestinal metaplasia in mucosa
of gastric body and antrum in rats were observed in this study.

Table 1  L8(27) orthogonal test results of inflammation grades
in stomachs of rats

Treatment   Triple orthogonal tests results
factors

Antrum          Body

A+B+C 2.10         1.83       2.00          1.67      1.60       1.64
A+B 1.67         1.50       1.63          1.30      1.40       1.38
A+C 2.10         2.10       1.83          1.67      1.64       1.67
A 1.50b        1.67b      1.75b          1.29b     1.25b      1.40b

B+C 1.17         1.25       1.00          1.00      1.08       0.90
B 0.75         0.75       0.83          0.60      0.67       0.63
C 1.25d        1.17d     1.00d         0.88d     1.00d      1.10d

Control 0.75         0.83      0.75          0.60      0.64       0.67

bP<0.01 vs the control, dP<0.01 vs the control. Factor A: Com-
bined intragastric treatments of 60% alcohol, 20 mmol/L so-
dium deoxycholate and 0.5 g/L ammonia; Factor B: Treatment
of forage containing low levels of vitamins; Factor C: Treat-
ment of indomethacin.

Table 2  L8(27) orthogonal test results of thickness of lamina
propria in stomachs of rats

Treatment Triple orthogonal tests results (µm)
factors

Antrum                                 Body

A+B+C             40.0        38.5       36.5        310.0     290.0      305.0
A+B                  43.5        41.5       45.0        383.5     283.5      338.5
A+C                 46.5        36.5       36.5        311.5     313.5      325.0
A                      43.5b       41.5b      45.0b       358.5     331.5      330.0
B+C                  70.0        72.0       66.5        308.5     328.5      341.5
B                       65.0        75.0       68.5        333.8     333.5      326.5
C                       71.5        71.0       75.0        333.5     325.0      311.5
Control             66.5         71.5       75.0        300.0     310.0      313.5

bP<0.01 vs the control. Factor A: Combined intragastric treat-
ments of 600 mL/L alcohol, 20 mmol/L sodium deoxycholate
and 0.5 g/L ammonia; Factor B: Treatment of forage contain-
ing low levels of vitamins; Factor C: Treatment of indomethacin.

Table 3  L8(27) orthogonal test results of changes of glands in
gastric lamina propria of rats

          Triple orthogonal tests results
Treatment
  factors      Percentage ratio of pyloric gland   Parietal cell number in

            area to total lamina propria at   observed oxyntic glands
                                gastric antrum                         in gastric body

A+B+C        0.2188       0.3750      0.3125       12          10         13
A+B             0.3750       0.3000      0.3750       14          12         14
A+C            0.3650       0.3125      0.3333       11          11         12
A                 0.3438b      0.3750b     0.3230b      14b         12b          15b

B+C             0.5688       0.5150      0.5725       28          23          25
B                 0.5385       0.5625      0.5313       25          26          23
C                 0.5750       0.5840      0.6500       26          23          27
Control        0.5250       0.6050      0.5893       25          29          23

bP<0.01 vs the control. Factor A: Combined intragastric treat-
ments of 600 mL/L alcohol, 20 mmol/L sodium deoxycholate
and 0.5 g/L ammonia; Factor B: Treatment of forage contain-
ing low levels of vitamins; Factor C: Treatment of indomethacin.
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DISCUSSION
CAG has been considered a precancerous disease[2], it is essential
to establish a stable, economic and effective experimental animal
model of chronic gastritis including CAG for further study on
gastritis. Previous studies showed that three methods were
practicable to establish experimental models. (1) Biologically
induced animal models. Animals such as rats, cats were infected
with Helicobacter pylori (H pylori) and an experimental model
was induced. However, just some of these animals could be
induced and models were unstable and it was time-consuming.
(2) Animal models induced by physiochemical injury. Models
of chronic gastritis were induced by single factors such as
alcohol or sodium deoxycholate or ammonia or X-ray irradiation,
but the models were unstable and atypical. (3) Immunologically
induced animal models. Models of CAG were induced by
hypodermic injection with homogeneic, xenogeneic or isogeneic
stomach antigens,but the procedure was complicated and
expensive, the effects were unstable[3-14].
       The shortcomings of the above methods have limited further
studies on etiology of CAG. However, according to previous
studies, we concluded that factors such as infection of H pylori,
excessive drinking, reflux of duodenal juice, long-term intake of
nonsteroid drugs, malnutrition that could induce continuous
gastritis, were considered to be the etiology of CAG[15-25]. In our
study we tried to administer 600 mL/L alcohol to injure gastric
mucosa, 20 mmol/L sodium deoxycholate (DOC-Na) as a
simulator to reflux of duodenal juice, 0.5 g/L indomethacin to
interfere with synthesis of prostaglandin (PG) that was proved
to be effective for preventing gastric mucosa from injury and
0.5 g/L ammonia as a simulator to H pylori to induce continuous
gastritis in rats. Finally we found that combined administration
of 600 mL/L alcohol, 20 mmol/L DOC-Na and 0.5 g/L ammonia
for 12 wk could induce an animal model of chronic gastritis with
some features of early CAG especially in antrum. Furthermore,
our study showed that atrophy of gastric mucosa in rats also
developed from gastric antrum to body. It proved once again
that excessive drinking, reflux of bile and infection of H pylori
played a vital role in inducing chronic gastric mucosal
inflammation. It also suggests that the above factors may
probably induce CAG. However, we found that indomethacin
induced only chronic gastritis but not atrophy of glands in
mucosa and had no effect on enhancing glandular atrophy
induced by alcohol, ammonia and DOC-Na. In addition, single
treatment of forage containing few vitamins in our study could
not induce chronic gastritis and glandular atrophy, it is perhaps
because the testing duration was too short. The long-term roles
of these factors in gastric inflammation and atrophy need to be
further elucidated.
      In conclusion, an animal model of chronic gastritis can be
established by combined intragastric administration with 60%
alcohol, 20 mmol/L sodium deoxycholate and 0.5 g/L ammonia. These
factors play a vital role in etiology of chronic atrophic gastritis.
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