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Abstract

It has been suggested that there is a close relationship between Helicobacter pylori and the
onset or recurrence of gastroduodenal disease. The aim of this study was to examine the
effect of H. pylori on the healing of chronic gastric ulcers induced in mice.

H. pylori administered to nude mice delayed the healing of experimental acetic acid-
induced gastric ulcers. Histological examination showed the occurrence of high densities of
H. pylori on the surface of epithelial cells and in the ulcerated area. Repeated adminis-
tration of amoxicillin (10mgkg ™' daily for 5 days) eradicated H. pylori and increased the
rate of healing of gastric ulcers in H. pylori-infected mice, but metronidazole, which also
eradicated the organisms, did not significantly affect the rate of healing.

In conclusion, H. pylori-infection delayed the healing of gastric ulcers induced by the
serosal application of acetic acid in mice, possibly by aggravation or prolongation of the
mucosal inflammation. Amoxicillin eradicated H. pylori and promoted gastric ulcer healing

in mice infected with H. pylori.

Helicobacter pylori, a Gram-negative spiral bac-
terium, was first isolated from a patient with
chronic gastritis by Warren & Marshall in 1983.
Since then, much evidence has indicated the close
relationship between gastroduodenal disease and H.
pylori (Graham et al 1987; Marshall & Langton
1986). Eradication of H. pylori by combined
treatment with antibiotics and antacids is followed
by a reduced rate of recurrence of peptic ulcers and
slow resolution of the underlying gastritis (Mar-
shall et al 1988; Perterson 1991; Graham et al
1992). It is therefore assumed that H. pylori might
be an important pathogenic factor in ulcer recur-
rence. However, to clarify the clinical significance
of H. pylori in ulcer healing the healing of gastric
ulcer should be deleteriously influenced by con-
tinuous infection.

Several species such as mice (Karita et al 1994),
pigs (Krakowka et al 1987; Engstrand et al 1990)
and monkeys (Baskerville & Newell 1988; Shuto et
al 1993; Fujioka et al 1994) have recently been
used as H. pylori infection models. Karita et al
(1993, 1994) established chronic infection of H.
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pylori in athymic mice in which H. pylori con-
tinuously colonized in the stomach. Other studies
(Ross et al 1992; Karita et al 1994) have focused on
the development of experimental acute and chronic
gastritis with H. pylori. Despite this work it remains
unclear whether H. pylori hinders ulcer healing in
experimental animals.

This study was performed to study the healing of
gastric ulcers induced in nude mice, and the effect
of antibacterial drugs in H. pylori-infected animals.

Materials and Methods

Chemicals

Acetic acid was from Iwai Kagaku (Tokyo, Japan),
amoxicillin from Kyowa Hakko Kogyo (Tokyo,
Japan), metronidazole, vancomycin and nalidixic
acid from Sigma (St Louis, MO), polymyxin B
from Pfizer Pharmaceutical (Tokyo, Japan), tri-
methoprim from Shionogi Pharmaceutical (Osaka,
Japan) and 3mgmL ™" amphotericin B from Bris-
tol-Myers Squibb (Tokyo, Japan).

Animals
BALB/C athymic nude mice, 6 weeks, were
obtained from Nippon SLC (Shizuoka, Japan); for
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at least 1 week before use they were maintained on
chow sterilized by radiation (Funabashi, Chiba,
Japan). Sterile water was freely available.

Induction of gastric ulcer

Gastric ulcers were induced by serosal application
of acetic acid, according to the method of Takagi et
al (1969). Mice were anaesthetized with sodium
pentobarbital (30 mg kg~', i.p.). The abdomen was
opened and the stomach exteriorized. A metal cup
(3mm diam.) was placed at the anterior border
between the corpus and antrum, and acetic acid
solution (60%; 0-2mL) was poured into the cup to
make contact with the surface of the stomach. After
15 s the cup was removed, the acetic acid solution
was removed by absorption into filter paper, the
surface of the stomach was washed with sterile
saline and the abdomen was closed by suture.
Thereafter, the animals were maintained as
described above.

Bacteria

A clinical isolate (CPY 2052) was kindly supplied
by Dr Mikio Karita (School of Medicine, Yama-
guchi University, Yamaguchi, Japan). The strain
was identified by morphology, Gram’s stain,
urease, oxidase, catalase production, resistance to
nalidixic acid and sensitivity to cephalothin, and as
Cag A% (cytotoxin-associated gene A) and tox™
(vacuolating cytotoxin) strain (Matsumoto et al
1997). Stock cultures were stored at —80°C in
brucella broth (Baltimore Biological Laboratory,
Cockeysville, MD) supplemented with 2% heat-
inactivated foetal bovine serum.

Infection of mice with H. pylori

Inoculation was performed according to the
methods of Karita et al (1991) and Koga et al
(1996). Briefly, H. pylori was cultured in brucella
broth supplemented with 2% foetal bovine serum.
The culture was harvested, and the cells were sus-
pended in brucella broth to 2 X 10® colony-forming
unitsmL~'. Mice were inoculated by gavage with
bacterial suspension (1-5mL) 2 days after produc-
tion of the chronic ulcer. Control (non-infected)
animals received vehicle alone.

Measurement of ulcerated area

Animals were killed by inhalation of carbon diox-
ide 6, 9, 16, 30 or 58 days after gastric ulcer pro-
duction. The stomachs were removed, inflated with
formalin (1%; 1mL) and immersed in formalin
(1%) for 10min to fix the gastric wall. Subse-
quently, the stomachs were cut along the greater
curvature and the ulcerated area (mm?2) was deter-

mined by means of a Luzex F (Nireko, Tokyo,
Japan) computer-assisted image analyser system.

In other experiments H. pylori-infected mice with
gastric ulcer were killed and the number of viable
H. pylori in the stomach was measured. Whole
stomachs were excised using sterile instruments,
and the H. pylori colonies were counted by proce-
dures previously reported (Koga et al 1996).
Briefly, the whole stomachs were homogenized
with brucella broth (2 mL) supplemented with 2%
heat-inactivated foetal bovine serum, and modified
Skirrow’s agar plates were inoculated with diluted
samples of the homogenate. Plates were incubated
at 37°C in a GasPak jar for 5 days in a microaerobic
environment and the colonies of H. pylori were
then counted.

Microscopic examination

Sixteen days after ulcer production the tissue spe-
cimens were fixed in Camoy’s fixing solution for
2h, dehydrated with absolute alcohol, processed
using standard procedures, embedded in paraffin,
and sectioned at 4 um. Sections were stained by the
method of Genta et al (1994) which enables
simultaneous visualization of H. pylori and gastric
morphology. The sections were also stained
immunologically with a monoclonal antibody spe-
cific to H. pylori (Institute of Immunology, Tokyo,
Japan).

Effect of metronidazole and amoxicillin on ulcer
healing

Either amoxicillin or metronidazole suspended in
0-4% gum tragacanth solution (10mLkg™") was
given by gavage to mice for 5 consecutive days
starting 4 days after the induction of gastric ulcer.
H. pylori was administered 2 days after ulcer pro-
duction. The doses of amoxicillin and metronida-
zole chosen to eradicate H. pylori were 10 and
62-4mgkg ' daily, respectively, both administered
orally. Eighteen hours after the final administration
of the antibacterial drugs, the mice were killed and
the stomachs were examined for ulcer area as
described above.

Statistics

Data are presented as the mean+ts.e. per group.
Differences between the experimental groups were
determined by use of the two-tailed Dunnett’s
multiple comparison test; and values of P<(-05
were regarded as indicative of significance.
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Results

Healing of gastric ulcer

Acetic acid induced the formation of a round soli-
tary mucosal ulcer between the gastric antrum and
corpus of each mouse (Figure 1). In non-infected
mice these ulcers healed spontaneously, healing
being almost complete 58 days after ulcer produc-
tion (Table 1). Infection with H. pylori delayed the
healing of these ulcers; the mean sizes of the ulcers
9 and 16 days after ulcer induction were 7-44 +1.92
and 3-67+ 0-61 mm?, respectively, 258% and 267%
greater than those observed in control mice
(P=0-017 and 0-000018).

Histopathology

The histology of a typical acetic acid-induced
gastric ulcer in H. pylori-infected mice 16 days
after ulcer induction is shown in Figure 2B. This
ulcer was wide open with no re-epithelization at the
edge of the ulcer. The ulcer in the non-infected
mouse was small, indicating that some healing had
occurred (Figure 2A). Multiple staining of the
gastric mucosa clearly showed the presence of
H. pylori; curved, rod-shaped bacteria measuring

Figure 1. Gastric ulcer in mouse 9 days after induction with

acetic acid.

Table 1. Healing of gastric ulcer in H. pylori-infected and
non-infected mice.

Days after Ulcerated area (mm?)+

induction of ulcer

Non-infected Infected

6 13154252 (12)  15-534£240 (12)

9 2084050 (12)  7-44+1.92 (13)*
16 1004024 (10)  3-67£061 (17)**
30 0-01£0-01 (4) 136+ 1.01 (5)

58 0-194+0.17 (4) 0-56+0-49 (5)

+Values are means+s.e. (the number of mice is given in
parentheses). *P<0.02, **P<0-001, significantly different
from result from non-infected group.

4-6 um were observed by light microscopy (Fig-
ures 3A and 4A). Immunohistochemical staining
using a monoclonal antibody confirmed the
organism as H. pylori (Figures 3B and 4B). High
densities of H. pylori were present in the mucus on
the surface of superficial epithelial cells (Figures
3A, B) and also in debris on the base of the ulcer
(Figures 4A, B), and some were also found in both
healthy and damaged mucosa. Infiltration of
inflammatory cells was seen near H. pylori colo-
nization in the base of the ulcer (Figures 4A, B).

Effect of amoxicillin or metronidazole on the
healing of gastric ulcers

Eradication of H. pylori with amoxicillin promoted
the healing of gastric ulcers in H. pylori-infected
mice (Table 2). The mean ulcer size was
4.07+0-61 mm?* in amoxicillin-treated mice and
13-69+ 1.67mm” in control mice (P=0-000093).
No H. pylori were detected in the stomachs of
treated mice (< 107 colony-forming units/stomach,
n=1>5). Metronidazole similarly eradicated H.
pylori infection (< 10* colony-forming units/
stomach, n =5}, but the healing of gastric ulcer was
similar to that in the control group. The mean ulcer
size was 1427+ 3-26mm’ in metronidazole-trea-
ted mice and 13-69+1-67mm” in control mice
(P=0-87).

Discussion

Infection of germ-free athymic mice with H. pylori
was developed by Karita et al (1991, 1994) who
found that the bacteria persist in the stomach for
more than 20 weeks. Development of gastritis and
duodenitis in this mouse model after H. pylori
colonization might be suitable for studying the
clinical significance of H. pylori-infection (Karita
et al 1991; Marchetti et al 1995). Although com-
bination of antibacterial drugs and an anti-ulcer
agent cured the H. pylori infection in this animal
model (Karita et al 1993), the relationship between

Table 2. Effect of antibacterial drugs on healing of gastric
ulcer in H. pylori-infected mice.

Treatment Ulcerated area (mmz)T

1369+ 1-67 (12)
9-22+1-35 (10)*
14-27+£3-26 (13)

Control (H. pvlori-infected)
Non-infected
Metronidazole

(H. pylori-infected)

Amoxicillin (H. pylori-infected) 4.07£0-61 (12)**

+Values are means=s.e. (the number of mice is given in
parentheses). *P<0-02, **P<0-001, significantly different
from result for control group.
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Figure 2. Multiple staining of the ulcerated area 16 days after induction in (A) non-infected mouse stomach and (B) H. pylori-

infected mouse stomach (magnification x 74).

Figure 3.

A. Multiple staining of the surface of the gastric mucosa 16 days after ulcer induction in an H. pylori-infected mouse

stomach (H. pylori are indicated by arrows) and B. immunohistochemical identification of H. pylori on the surface of the gastric

mucosa (magnification x 730).

Figure 4. A. Multiple staining of debris at the base of a gastric ulcer 16 days after ulcer induction in an H. pylori-infected mouse
stomach (H. pylori are indicated by arrows) and B. immunohistochemical identification of H. pylori in the debris at the base of the

ulcer (magnification x 730).

H. pylori infection and the healing of chronic gas-
tric ulcer has not been clearly demonstrated in the
animal models. In the current study we have shown
for the first time that gastric ulcer healing was
significantly delayed by the continuous presence of
H. pylori. Ross et al (1992) showed that daily

gastric administration of H. pylori or bacterium-
free filtrates caused prolongation of pre-existing
gastric ulceration in rats and that H. pylori alone
had no effect on the normal gastric mucosa of rats,
although infection with H. pylori was not success-
ful in their study.
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H. pylori can induce the production of cytokines
(Noach et al 1994; Crowe et al 1995) which are
causal factors in mucosal inflammation. This sug-
gests that H. pylori might aggravate or prolong the
inflammation of gastric mucosa and delay ulcer
healing, a contention consistent with the infiltration
of inflammatory cells around the organisms in the
base of the ulcer. Alternatively, the growth or
integrity of gastric epithelial cells might be
impaired by H. pylori infection. Monochloramine
(Dekigai et al 1995; Murakami et al 1995) and
cytotoxins (Cover et al 1991; Ghiara et al 1995)
from H. pylori can damage gastric mucosal cells
and might delay gastric ulcer healing.

H. pylori can survive persistently in the athymic
mouse stomach. The organisms were clearly pres-
ent in wide areas of the gastric mucosa, mostly in
the gastric mucous layer on the surface epithelial
cells and in the ulcer bed. These results accord with
the observation of H. pylori in the surface mucous
layer in man (Shimizu et al 1996).

Clinical studies (Marshall et al 1988; Hentschel
et al 1990) indicate that eradication of H. pylori can
be achieved by use of antibacterial drugs and an
anti-ulcer agent, and that this reduces the recur-
rence of gastric and duodenal ulcers. Amoxicillin
and metronidazole can cure the infection in H.
pylori-infected mice (Karita et al 1993). In the
current study we found that amoxicillin counter-
acted the deleterious influence of H. pylori on
gastric ulcer healing. These results suggest that H.
pylori might be a deleterious factor in gastric ulcer
healing and that eradication of this organism might
accelerate the healing of gastric ulcers. Because
amoxicillin can protect the gastric mucosa in rats
(Lam et al 1994), this action and its antibiotic effect
might also contribute to ulcer healing. It is possible
that metronidazole might have a noxious effect on
ulcer healing irrespective of its antibacterial effect.
Further studies are needed to clarify the different
effects of amoxicillin and metronidazole on ulcer
healing in this mouse model.

In conclusion, this study has clearly demonstrated
that H. pylori infection delayed the healing of
gastric ulcers induced by the serosal application of
acetic acid in mice, possibly by aggravation or
prolongation of mucosal inflammation. Amox-
icillin, which eradicated the H. pylori, promoted
gastric ulcer healing in mice previously infected
with H. pylori.
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