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Since the discovery of Helicobacter pylori in 1983 by Marshall
and Warren (16), a great deal of attention has come to be
focused on this organism and its association with gastric and
duodenal ulcers (14, 20). In fact, it has become increasingly
accepted that H. pylori is the major cause of peptic ulcers (13).
In 1994, a National Institutes of Health Consensus Development Conference in the United States concluded that all patients with peptic ulcers and H. pylori infection should receive
eradication therapy (18). However, clinical trials with single
antimicrobial agents have not shown the complete eradication
of H. pylori, although the organism is susceptible to many antimicrobial agents (8, 12).
One of the reasons for incomplete eradication may be the
degradation of antimicrobial agents such as amoxicillin and
clarithromycin by gastric acid (5). In an effort to overcome this
problem, concomitant administration of antimicrobial agents
and drugs which inhibit gastric acid secretion such as H2 receptor antagonists and proton pump inhibitors has been tried,
but complete eradication has not been achieved (1, 6, 7). Therefore, the administration of high doses of antimicrobial agents
on a daily basis is necessary for H. pylori eradication, and poor
patient compliance due to adverse effects such as diarrhea,
nausea, and retching is not unusual (21).
Another reason for incomplete eradication is probably that
the residence time of antimicrobial agents in the stomach is so
short that effective antimicrobial concentrations cannot be
achieved in the gastric mucous layer or epithelial cell surfaces
where H. pylori exists (12). Therefore, it is expected that if local
delivery of antimicrobial agents from the gastric lumen into the
mucous layer can be achieved, the H. pylori eradication rate

will be increased. In fact, a 1-h treatment regimen developed
by Kimura et al. (15) provided more complete eradication of
H. pylori than conventional therapy due to the extended gastric
residence times of the antimicrobial agents. However, no in
vivo eradication trials with dosage forms that prolong the gastric residence times have been reported.
Akiyama et al. (4) developed mucoadhesive microspheres
which are referred to as the Adhesive Micromatrix System and
which consist of a drug and an adhesive polymer powder such
as a cross-linked polyacrylic acid derivative dispersed in a waxy
base. It has been confirmed that these mucoadhesive microspheres have the ability to adhere to the stomach wall in rats
and thereby remain in the gastrointestinal tract for an extended period. It is expected that mucoadhesive microspheres
containing anti-H. pylori agents will provide potent anti-H. pylori activity.
The purpose of this study was to design mucoadhesive microspheres containing amoxicillin as an anti-H. pylori agent and
to evaluate the effectiveness of the mucoadhesive microspheres
for H. pylori eradication therapy.
MATERIALS AND METHODS
Materials. Hydrogenated castor oil (Lubri wax 101) was purchased from Freund
Industrial Co. Ltd. (Tokyo, Japan). Carboxyvinyl polymer (HIVISWAKO 104)
was purchased from Wako Pure Chemical Industries, Ltd. (Osaka, Japan).
Amoxicillin was purchased from Beecham Pharmaceuticals Ltd. (Singapore).
Curdlan, a b-1,3-glucan-type polysaccharide, was manufactured in-house. All other chemicals were of reagent grade.
Preparation of mucoadhesive microspheres. Amoxicillin (0.15 g), curdlan
(1.35 g), and carboxyvinyl polymer (1.0 g), which was used as a mucoadhesive
polymer, were dispersed in melted hydrogenated castor oil (7.5 g) as a waxy base
at 95°C. Mucoadhesive microspheres containing amoxicillin (amoxicillin-microspheres) were prepared by the spray-chilling method with a rotating aluminum
disk of 15 cm in diameter (2). Amoxicillin-microspheres of 250 to 335 mm in
diameter were obtained by sieving. Placebo mucoadhesive microspheres lacking
amoxicillin (placebo-microspheres) were prepared by dispersing curdlan (1.35 g)
and carboxyvinyl polymer (1.0 g) in melted hydrogenated castor oil (7.5 g) in the
same manner.
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In an effort to augment the anti-Helicobacter pylori effect of amoxicillin, mucoadhesive microspheres, which
have the ability to reside in the gastrointestinal tract for an extended period, were prepared. The microspheres
contained the antimicrobial agent and an adhesive polymer (carboxyvinyl polymer) powder dispersed in waxy
hydrogenated castor oil. The percentage of amoxicillin remaining in the stomach both 2 and 4 h after oral
administration of the mucoadhesive microspheres to Mongolian gerbils under fed conditions was about three
times higher than that after administration in the form of a 0.5% methylcellulose suspension. The in vivo
clearance of H. pylori following oral administration of the mucoadhesive microspheres and the 0.5% methylcellulose suspension to infected Mongolian gerbils was examined under fed conditions. The mucoadhesive
microspheres and the 0.5% methylcellulose suspension both showed anti-H. pylori effects in this experimental
model of infection, but the required dose of amoxicillin was effectively reduced by a factor of 10 when the
mucoadhesive microspheres were used. In conclusion, the mucoadhesive microspheres more effectively cleared
H. pylori from the gastrointestinal tract than the 0.5% methylcellulose suspension due to the prolonged
gastrointestinal residence time resulting from mucoadhesion. A dosage form consisting of mucoadhesive
microspheres containing an appropriate antimicrobial agent should be useful for the eradication of H. pylori.
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of H. pylori TN2GF4 per ml was inoculated into the stomach of each gerbil via
an orogastric tube.
In vivo clearance of H. pylori. Fourteen days after infection, amoxicillin was
orally administered twice a day for 3 consecutive days at a dose of 1, 3, 10, or 30
mg/kg in the form of amoxicillin-microspheres or amoxicillin suspension. Placebo-microspheres and a 0.5% aqueous methylcellulose solution, which were used
as controls, were administered in the same manner. One day after administration
of the final dose, the gerbils were killed and the stomachs were removed. Each
stomach was homogenized with brucella broth (3 ml/stomach), and serial dilutions were plated on modified Skirrow’s medium. The plates were incubated for
4 days at 37°C under microaerobic conditions in GasPak jars. The viable cell
counts for each gastric wall were calculated by counting the number of colonies
on the agar plates.
Statistics. Differences between the control-treated and the amoxicillin-treated
groups in bacterial counts in the gastric wall were analyzed by Dunnett’s test. P
values below 0.05 were considered statistically significant.

FIG. 1. Remaining percentage of amoxicillin in the stomachs of Mongolian
gerbils 2 and 4 h after oral administration of amoxicillin suspension (■) and
amoxicillin-microspheres (h). Mean and standard deviations are shown (n 5 4).

In vivo evaluation of the mucoadhesiveness of amoxicillin-microspheres.
Amoxicillin-microspheres or amoxicillin suspended in a 0.5% aqueous solution
of methylcellulose at a concentration of 1 mg/ml (amoxicillin suspension) was
orally administered to 7-week-old male specific-pathogen-free Mongolian gerbils
which were obtained from Seiwa Experimental Animal Ltd. (Fukuoka, Japan).
The amoxicillin dose was 10 mg/kg of body weight. Amoxicillin-microspheres
were administered as follows: amoxicillin-microspheres were placed in a polyethylene tube (Intramedic Polyethylene Tubing; inner diameter, 1.14 mm; outer
diameter, 1.57 mm; Becton Dickinson and Company, Sparks, Md.), one end of
which was covered with hydroxypropyl cellulose film, and were administered to
each Mongolian gerbil with 0.2 ml of water by using the polyethylene tube
attached to a gastric sonde (4).
At 2 or 4 h after administration, the stomach of each Mongolian gerbil was
excised while the gerbil was under ether anesthesia, and the remaining amount
of amoxicillin was evaluated; i.e., 40 ml of 1/15 M phosphate buffer (pH 7.2) was
added to each stomach, and the amount of amoxicillin extracted was determined
by a reversed-phase high-performance liquid chromatography (HPLC) method.
The HPLC conditions were as follows. The mobile phase consisted of 95 parts of
Kolthoff buffer (pH 8.0) and 5 parts of acetonitrile. The flow rate was 1.2 ml/min,
and the detector was set at 230 nm. The remaining percentage of amoxicillin as
an index of residence in the stomach, i.e., mucoadhesiveness, was calculated by
the following equation: remaining percentage 5 (R/T) z 100, where R represents
the amount of amoxicillin remaining in the stomach and T represents the amount
of amoxicillin administered.
Concentration of amoxicillin in plasma. Amoxicillin was orally administered
to 7-week-old male specific-pathogen-free Mongolian gerbils at a dose of 30
mg/kg in the form of amoxicillin-microspheres or amoxicillin suspension in the
same manner as described above for the in vivo evaluation of the mucoadhesiveness. Blood samples (1 ml), collected by cardiac puncture at 1, 2, 4, or 6 h
after administration while the gerbils were under ether anesthesia, were centrifuged at 3,000 rpm for 15 min at 5°C. The plasma samples that were obtained
were kept at 220°C until analysis. Five hundred microliters of a plasma sample,
to which 500 ml of 1/15 M phosphate buffer (pH 7.2) and 1 ml of acetonitrile were
added, was vortex mixed for 1 min and was then centrifuged at 3,000 rpm for 15
min at 5°C. The supernatant was evaporated to dryness at 30°C under a stream
of nitrogen. The concentration of amoxicillin was determined by the HPLC
method after reconstituting the residue with 200 ml of Kolthoff buffer (pH 8.0).
The conditions for HPLC were as follows. The mobile phase consisted of 96 parts
of Kolthoff buffer (pH 8.0) and 4 parts of acetonitrile. The flow rate was 1.0 ml/
min, and the detector was set at 230 nm. The maximum concentration in plasma
(Cmax) was obtained from individual plasma amoxicillin concentrations. The area
under the plasma concentration-time curve from time zero to 6 h after administration (AUC0–6) was calculated by the trapezoidal method.
Bacteria. The bacterial strain used in this study, TN2, was originally isolated
from a human patient with gastric ulcer and was adapted to the gastric mucosae
of Mongolian gerbils by four serial passages. The fourth-passage derivative strain
of TN2 was named TN2GF4. The bacteria used to infect the Mongolian gerbils
were grown in brucella broth (Becton Dickinson Microbiology Systems, Cockeysville, Md.) supplemented with 2.5% heat-inactivated fetal bovine serum in
GasPak jars containing CampyPak with shaking at 37°C until the late logarithmic
phase (approximately 24 h of growth), and the cultures were kept at 280°C until use.
Gastric infection procedure. Four-week-old male specific-pathogen-free Mongolian gerbils were fasted for about 24 h, and 1 ml of broth containing 107.63 CFU

In vivo evaluation of mucoadhesiveness. The in vivo gastric
residence, i.e., adhesiveness, of the amoxicillin-microspheres
was examined by using uninfected Mongolian gerbils under
fed conditions. Adhesion of the amoxicillin-microspheres to
the stomach wall was observed. The remaining percentage of
amoxicillin 2 and 4 h after amoxicillin-microsphere administration, 47.3% 6 14.4% and 20.4% 6 11.5%, respectively, was
about three times higher than that after amoxicillin suspension
administration, 17.3% 6 3.2% and 6.2% 6 1.1%, respectively
(Fig. 1).
Absorption of amoxicillin. Cmax and AUC0–6 after oral administration of the amoxicillin-microspheres or amoxicillin
suspension were examined. The AUC0–6 value after amoxicillin-microsphere administration was the same as that after
amoxicillin suspension administration (13.1 and 13.9 mg z h/ml,
respectively). No significant differences in Cmax were found
between amoxicillin-microspheres and amoxicillin suspension
(5.08 6 1.14 and 7.19 6 2.25 mg/ml, respectively [values are
means 6 standard deviations; n 5 4]).
In vivo clearance of H. pylori. The in vivo clearance of H. pylori after multiple administrations of amoxicillin-microspheres
or the amoxicillin suspension under fed conditions (amoxicillin
doses, 1, 3, 10, and 30 mg/kg) is presented in Table 1. The
TABLE 1. Effect of repetitive oral administration of amoxicillin
suspension and amoxicillin-microspheres against gastric
infection caused by H. pylori TN2 in
Mongolian gerbils
Preparation

Vehicle controlc

Dose
(mg/kg)a

Clearance rate
(no. of gerbils
cleared of infection/total no. (%)

Bacterial
recovery
(log CFU/
gastric wall)b

0

0/5 (0)

7.02 6 0.15

Amoxicillin suspension

1
3
10
30

0/5 (0)
0/5 (0)
1/5 (20)
3/5 (60)

7.08 6 0.07
5.53 6 0.67
3.12 6 0.65**
1.76 6 0.21**

Placebo-microspheres

0

0/5 (0)

6.44 6 0.16

1/5 (20)
2/5 (40)
5/5 (100)
5/5 (100)

4.37 6 0.98*
3.32 6 0.85**
NDd
ND

Amoxicillin-microspheres

a

1
3
10
30

Twice daily for 3 days as Amoxicillin.
Bacterial counts less than 101.48 CFU were considered to be 101.48 CFU to
calculate the mean. Values are means 6 standard error. *, P , 0.05; **, P , 0.01
(versus respective controls by Dunnett’s test).
c
The control was a 0.5% methylcellulose solution.
d
ND, not detected.
b
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DISCUSSION
The present work is the first evidence demonstrating the in
vivo usefulness of a dosage form, i.e., the mucoadhesive amoxicillin-microspheres, for the eradication of H. pylori. In vivo
evaluation of amoxicillin-microspheres was carried out with an
animal model, Mongolian gerbils infected with human H. pylori. The advantage of this evaluation method is that errors due
to sampling site variation (23) can be avoided because the
whole stomach is used to determine the bacterial cell count.
Amoxicillin has a low MIC for H. pylori (11, 17, 19) and
luminal anti-H. pylori activity (22). However, compared with
clarithromycin or metronidazole, it takes several hours for
amoxicillin to kill H. pylori (10). On the other hand, the amoxicillin residence time in the stomach after oral administration
of the conventional dosage form is expected to be short (9).
Therefore, the resulting insufficient duration of contact with
the gastric mucosa may be the reason for the incomplete eradication of H. pylori.
In this study, we found that amoxicillin resided in the stomach for a longer period of time when it was administered in the
form of the mucoadhesive microspheres than when it was administered in a suspension. The amoxicillin-microspheres provided greater anti-H. pylori activity than the amoxicillin suspension. Considering that the amoxicillin-microspheres and
amoxicillin suspension showed equivalent AUCs, these results
indicate that the topical action of amoxicillin on the gastric
mucus played an important role in the clearance of H. pylori.
According to microscopic findings, the gastric mucosae of
Mongolian gerbils from which H. pylori had been eradicated (1
month after successful H. pylori clearance) with the amoxicillin-microspheres revealed no histological changes in the pyloric region. This indicates that the prolonged adhesion of the
amoxicillin-microspheres to the mucosa of the stomach did not
cause an unfavorable effect.
Akiyama et al. (3) reported that the mucoadhesive microspheres were found to have a prolonged gastrointestinal residence time when they were administered to humans in the form
of capsules. Considering the higher levels of anti-H. pylori activity provided by the amoxicillin-microspheres, capsules filled
with the microspheres are expected to show stronger anti-H. pylori effects than conventional capsules filled with amoxicillin
powder in humans.
In conclusion, amoxicillin administered in the form of amoxicillin-microspheres more effectively cleared H. pylori than

amoxicillin administered in the form of an amoxicillin suspension. There is a possibility that the use of amoxicillin-microspheres would allow the dose of amoxicillin to be reduced, which
is important from the viewpoint of reducing adverse effects.
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mean bacterial count after oral administration of the amoxicillin suspension decreased as the dose of amoxicillin increased; however, complete clearance of H. pylori was not
obtained even with the highest dose. The mean bacterial count
after 3 days of treatment with the amoxicillin suspension with
an amoxicillin dose of 1.0 mg/kg (107.08 6 0.07) was similar to
that after vehicle administration (107.02 6 0.15), and the values
did not differ significantly (Dunnett’s test). On the other hand,
the mean bacterial count after 3 days of treatment with amoxicillin-microspheres with an amoxicillin dose of 1.0 mg/kg
(104.37 6 0.98) was significantly lower than that after placebomicrosphere administration (106.44 6 0.16) (Dunnett’s test), and
complete clearance of H. pylori (clearance rate, 100%) was
obtained after the administration of amoxicillin-microspheres
with amoxicillin doses of 10 and 30 mg/kg. The amoxicillinmicrospheres with an amoxicillin dose of 1.0 mg/kg provided
the same clearance rate (20%) as the amoxicillin suspension
with an amoxicillin dose of 10 mg/kg. This means that the
amoxicillin-microspheres provided 10 times greater anti-H. pylori activity than the amoxicillin suspension.
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