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The antibacterial activity of TAK-083 was tested against 54 clinical isolates of Helicobacter pylori and was
compared with those of amoxicillin, clarithromycin, and metronidazole. The growth-inhibitory activity of
TAK-083 was more potent than that of amoxicillin, clarithromycin, or metronidazole (the MICs at which 90%
of the strains are inhibited were 0.031, 0.125, 64, and 8 pg/ml, respectively). The antibacterial activity of
TAK-083 was highly selective against H. pylori; there was a >30-fold difference between the concentration of
TAK-083 required to inhibit the growth of H. pylori and that required to inhibit the growth of common aerobic
and anaerobic bacteria. Exposure of H. pylori strains to TAK-083 at the MIC or at a greater concentration
resulted in an extensive loss of viability. When four H. pylori strains were successively subcultured in the
medium containing subinhibitory concentrations of TAK-083, no significant change in the MICs of this
compound was observed. TAK-083 strongly inhibited the formation of tryptophanyl-tRNA in H. pylori while
exhibiting little effect on the same system in eukaryotes. TAK-083 was efficacious in the treatment of gastric
infection caused by H. pylori in Mongolian gerbils. The results presented here indicate that TAK-083 is a
promising candidate for the treatment of H. pylori infection.

Helicobacter pylori is the major causative agent of chronic
active gastritis in humans, and infection with this organism is
considered to be an important etiological factor in the patho-
genesis of peptic ulcer disease and possibly of gastric cancer
(22, 27, 30). As clinical evidence shows that eradication of
H. pylori results in a significant reduction of ulcer relapse, cure
of H. pylori infection has become an important goal in the
healing and prevention of peptic ulcers (16). While in vitro
experiments have shown that various antibacterial agents pos-
sess anti-H. pylori activity, it is clear that essentially none of
these agents has demonstrated high enough bacterial eradica-
tion rates to be used routinely (1, 6, 7, 24, 26, 28).

Until recently, the most effective treatment regimens have
been those using a combination of bismuth salts and a nitro-
imidazole together with amoxicillin or tetracycline. Although
this therapy has achieved high eradication rates and suppres-
sion of ulcer recurrence, some drawbacks have been noted with
this therapy; one is the emergence of metronidazole resistance,
and another is low compliance related to the occurrence of side
effects (9). More recently, proton pump inhibitor-based triple
therapy has been introduced with improved efficacy (2, 17).
However, the development of resistance in isolates to metro-
nidazole and clarithromycin and the relatively high incidence
of side effects make this regimen far from ideal.

According to the present needs for simpler and more effec-
tive strategies for the treatment of H. pylori infection, antibi-
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otics having the following characteristics have been sought
among many secondary metabolites of microorganisms and
synthetic compounds: first, highly selective antibacterial activ-
ity against H. pylori; second, stability in 0.1 N HCI. Finally, a
promising substance was found in the fermentation broth of
Streptomyces sp. strain HC-21, which was isolated from a soil
sample from the city of Asahikawa, Hokkaido, Japan (13). An
active substance designated TAK-083 was isolated and identi-
fied as indolmycin {(55)-5-[(1R)-1-(indol-3-yl)ethyl]-2-methyl-
amino-4-oxazolone} (Fig. 1) (18, 25). The mechanism of anti-
bacterial activity of indolmycin lies in its ability to inhibit
bacterial tryptophanyl-tRNA synthetase (26). Because of its
insufficient activity against common pathogenic bacteria, the
development of indolmycin for chemotherapeutic use was
abandoned, but TAK-083 has a highly selective and potent
anti-H. pylori activity and exhibits excellent efficacy in clearing
H. pylori in experimentally infected animals. Therefore, TAK-
083 is regarded as an attractive candidate for curing H. pylori
infection.

MATERIALS AND METHODS

Bacterial strains. Fifty-four clinical isolates of H. pylori and strain NCTC
11637 were used. The identification of clinical isolates was based on microaero-
philic growth requirement, morphology, Gram stain and oxidase, catalase, and
rapid urease reactions (23). The bacterial strain used for experimental infection
was originally isolated from a human patient and was adapted to the gastric
mucosa of Mongolian gerbils by four serial passages. Stock cultures were kept at
—80°C in brucella broth (BBL, Becton Dickinson Microbiology Systems, Cock-
eysville, Md.) supplemented with 2.5% heat-inactivated fetal bovine serum
(FBS) and 15% glycerol. H. pylori strains were grown in brucella broth supple-
mented with 2.5% FBS in GasPak jars (BBL) containing Campy Paks (BBL) with
shaking at 37°C overnight. The laboratory standard strains of common aerobic
and anaerobic bacteria were obtained from our culture collection.

Antibacterial agents. TAK-083 and amoxicillin were prepared at the Pharma-
ceutical Research Division of Takeda Chemical Industries, Ltd., Osaka, Japan.



2456 KANAMURA ET AL.

CH

HN™

FIG. 1. Chemical structure of TAK-083.

The following antimicrobial agents were purchased commercially: clarithromycin
(Taisho Pharmaceuticals, Ltd., Tokyo, Japan) and metronidazole (Sigma Chem-
ical Co., St. Louis, Mo.).

Susceptibility testing. The MICs for H. pylori were determined by an agar
dilution method. Bacterial suspensions of approximately 10° CFU/ml, prepared
with brucella broth supplemented with 2.5% FBS, were applied to the brucella
agar (BBL) plates supplemented with 7% defibrinated horse blood containing
twofold serial dilutions of test compounds using a multiple inoculator capable of
delivering 5-ul samples. The plates were incubated at 37°C for 4 days in a
microaerobic atmosphere consisting of 5% O,, 10% CO,, and 85% N,. MICs for
common aerobic and anaerobic bacteria were also determined by the agar dilu-
tion method. Mueller-Hinton agar (BBL) alone or supplemented with 5% defi-
brinated horse blood was used for aerobic bacteria, and Gifu Anaerobic Medium
(GAM) Agar Modified (Nissui Seiyaku Co., Ltd., Tokyo, Japan) was used for
anaerobic bacteria. The inocula were prepared in Mueller-Hinton broth (BBL)
for aerobic bacteria and in GAM broth (Nissui) for anaerobic bacteria from an
overnight culture and adjusted to give approximately 10° CFU/ml. Plates were
incubated at 37°C for 20 h in an aerobic atmosphere for aerobic bacteria, 24 h in
an anaerobic glove box for anaerobic bacteria, and 4 days in a microaerobic
atmosphere for Campylobacter jejuni. MICs were defined as the lowest concen-
trations of the compounds preventing visible bacterial growth. To examine the
effects of pH variation on the susceptibility of H. pylori to antibacterial agents,
brucella agar plates supplemented with 7% defibrinated horse blood were ad-
justed to a pH range of 4.5 to 7.5 by adding hydrochloric acid or sodium
hydroxide.

Bactericidal activity. Portions of brucella broth with 2.5% FBS (10 ml) con-
taining TAK-083 at concentrations of 0.25, 1, 4, and 16 times the MIC were
inoculated with bacteria from an overnight culture to yield an initial cell con-
centration of approximately 10° CFU/ml. The cultures were shaken at 37°C in a
microaerobic atmosphere, and 100-pl portions were removed at various time
points (0, 3, 6, and 24 h). Viable bacteria were counted after serial 10-fold
dilutions were made in brucella broth with 2.5% FBS, and a 50-p.l portion of each
was inoculated in triplicate onto brucella agar supplemented with 7% defi-
brinated horse blood. Colonies were counted after 4 days of incubation in a
microaerobic atmosphere.

Assay for development of resistance. The standard strain and clinical isolates
of H. pylori adjusted to a cell density of approximately 10° CFU/ml in brucella
broth supplemented with 2.5% FBS were exposed to serial twofold dilutions of
TAK-083 and metronidazole. Following incubation of the bacteria at 37°C for
24 h, the MIC, defined as the lowest concentration of the agent that allowed no
visible growth, was recorded, and then the culture that attained a turbidity
comparable to that of the untreated culture in the presence of the highest level
of the test agent was further exposed to increasing concentrations of the test
agent. These procedures were repeated for up to 10 cycles. The fluctuations of
the MIC in the course of the repeated exposure of the bacteria to the test agent
were determined.

Assay for the tryptophanyl-tRNA formation. Aminoacylation of each tRNA
(Escherichia coli and calf liver) was carried out in 100 pl of a reaction mixture
containing 50 mM Tris-HCI (pH 8.0), 70 mM KCI, 10 mM Mg(OAc),, 5 mM
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TABLE 1. Antibacterial activity of TAK-083, amoxicillin,
clarithromycin, and metronidazole against 54
clinical isolates of H. pylori

MIC (pg/ml)

Compound
Range MICs* MIC,,"
TAK-083 =(0.008-0.031 0.016 0.031
Amoxicillin =0.008-0.5 0.031 0.125
Clarithromycin 0.016-128 0.063 64
Metronidazole 2-128 4 8

“ MIC required to inhibit 50% of strains.
® MIC required to inhibit 90% of strains.

ATP, 1.25% glycerol, 1 pM L-[5-*H]tryptophan (specific activity, 1.07 TBg/mmol;
Amersham Pharmacia Biotech), aminoacyl-tRNA synthetase (ARS), and serially
diluted TAK-083. The following combinations of ARS with tRNA were exam-
ined: H. pylori ARS with E. coli tRNA (Roche Diagnostics), E. coli ARS (Sigma)
with E. coli tRNA, and bovine ARS (Sigma) with calf liver tRNA (Roche
Diagnostics). After incubation at 30°C for 10 min, the reaction was stopped by
adding 10 pl of 0.5 M EDTA followed by a washing with ice-cold 5% trichloro-
acetic acid and distilled water. The precipitates collected on filtration plates
(Millipore) were dried and counted in a liquid scintillation counter (Win Spectra
o/B 1414 liquid scintillation counter; Wallac) by adding scintillator A (Wako
Pure Chemical Ltd., Osaka, Japan). The sample was measured in triplicate. To
compare the inhibitory activities of TAK-083, enzyme activities of three kinds of
enzyme system were adjusted to the same level as 0.03 pmol of L-[5-*H]trypto-
phanyl-tRNA formed in 10 min.

H. pylori gastric infection of Mongolian gerbils. Five-week-old male MON/
Jms/Gbs Slec Mongolian gerbils (SLC Japan Inc., Shizuoka, Japan) which had
been fasting for 20 h were inoculated intragastrically with a bacterial culture
containing 107" CFU of H. pylori TN85GF4. TAK-083, suspended in 0.5%
aqueous solution of methylcellulose, was given orally twice daily for 7 days
starting at 13 days after infection. The doses were set based on the mean body

TABLE 2. Antibacterial activity of TAK-083 against aerobic and
anaerobic bacteria

Organism Strain MIC (pg/ml)
Staphylococcus aureus FDA 209P 2
Staphylococcus epidermidis IFO 3762 4
Streptococcus pneumoniae Type 1 >128
Enterococcus faecalis IFO 12580 >128
Moraxella catarrhalis BN-2 4
Escherichia coli NIHJ JC-2 32
Citrobacter freundii IFO 12681 >128
Klebsiella pneumoniae IFO 3321 >128
Enterobacter cloacae CS4495 >128
Serratia marcescens IFO 12648 >128
Proteus vulgaris IFO 3988 64
Morganella morganii IFO 3168 >128
Pseudomonas aeruginosa IFO 3445 >128
Acinetobacter calcoaceticus IFO 13006 >128
Campylobacter jejuni 455 0.5
Peptostreptococcus anaerobius B-30 32
Clostridium perfringens CW-2 >128
Lactobacillus acidophilus 1ID-893 >128
Eubacterium aerofaciens ATCC 25986 16
Eubacterium alactolyticum 1441 0.5
Eubacterium limosum ATCC 8486 4
Bifidobacterium adolescentis 15706 32
Bifidobacterium bifidum aE-319 64
Bifidobacterium pseudolongum Mo2-10 >128
Bacteroides fragilis 2509 >128
Bacteroides vulgatus W-6 >128
Fusobacterium varium ATCC 8501 16
Fusobacterium mortiferum 15 16
Fusobacterium glutinosum Ju-21 16
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TABLE 3. Effects of medium pH on antibacterial activity of
TAK-083, amoxicillin, and clarithromycin against
29 clinical isolates of H. pylori

MIC (pg/ml)
Compound pH
Range MICs," MIC,,?

TAK-083

4.5 =0.008-0.063 0.016 0.031

5.5 =0.008-0.031 0.016 0.031

6.5 =0.008-0.031 0.016 0.031

7.5 =0.008-0.016 0.016 0.016
Amoxicillin

4.5 0.031-1 0.125 0.5

5.5 0.016-1 0.063 0.25

6.5 =0.008-0.5 0.031 0.25

7.5 =0.085-0.5 0.031 0.25
Clarithromycin

4.5 0.125->128 1 >128

5.5 0.125->128 0.5 128

6.5 0.016-64 0.063 16

7.5 =0.008-8 0.016 4

“ MIC required to inhibit 50% of strains.
® MIC required to inhibit 90% of strains.

weight determined on the day before administration and after the seventh ad-
ministration. On the day after the final administration, the stomach of each
infected Mongolian gerbil was excised and disrupted; a series of 10-fold dilutions
of the stomach homogenate were each inoculated into modified Skirrow’s me-
dium (4) supplemented with activated charcoal and cultured under microaerobic
conditions at 37°C for 4 days, after which the clearance effect was assessed on the
basis of the presence or absence of bacterial growth. All animal experiments were
conducted in accordance with the guidelines for the care and use of laboratory
animals of the Pharmaceutical Research Division, Takeda Chemical Industries,
Ltd., and approved by the ethical committee for the animal experiments of our
division.
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Statistics. Differences in bacterial counts in the gastric wall between the
control-treated and the TAK-083-treated groups were analyzed by Dunnett’s
ranked test. P values below 0.05 were considered statistically significant.

RESULTS

Antibacterial activity. The ranges of the MICs for TAK-083,
amoxicillin, clarithromycin, and metronidazole against 54 clin-
ical isolates of H. pylori and the minimal concentrations re-
quired to inhibit 50% of isolates (MICs,) and 90% of isolates
(MIC,,) are shown in Table 1. TAK-083 inhibited the growths
of all the tested strains at =0.031 wg/ml, and its activity was
more than fourfold more potent than those of the currently
available anti-H. pylori agents. No strain resistant against TAK-
083 was noted among the clinical isolates of H. pylori. TAK-083
showed a moderate antibacterial activity against some gram-
positive aerobes, C. jejuni, and Eubacterium alactolyticum (Ta-
ble 2). The effects of medium pH on the antibacterial activities
of TAK-083, amoxicillin, and clarithromycin against 29 clinical
isolates of H. pylori were examined. As summarized in Table 3,
the MICs of TAK-083 remained stable over the pH range of
4.5 to 7.5. The activity of clarithromycin, on the other hand,
was considerably diminished under acidic environment, and
that of amoxicillin was influenced slightly.

Bactericidal activity. The killing kinetics of TAK-083 for
H. pylori strains is summarized in Fig. 2. TAK-083 showed
concentration-dependent bactericidal activity against all tested
strains of H. pylori, and the number of viable organisms de-
creased progressively by exposure to it at the MIC or at greater
concentrations.

Effect on development of resistance. There were no signifi-
cant changes in the susceptibilities to TAK-083 of any of the
tested H. pylori strains following repeated exposure to the drug.

(©)

MIC: 0.013 pg/mi

(d)

MIC: 0.025 ug/mi

=13

¢ 3 6

Time (hours)

FIG. 2. Bactericidal activity of TAK-083 against H. pylori in a liquid medium. H. pylori NCTC 11637 (a), CPY433 (b), TN2 (c), and TN58 (d)
were cultured microaerobically in brucella broth with 2.5% heat-inactivated FBS at 37°C with shaking and exposed to TAK-083 at concentrations
of 0 (O), 0.25x MIC (@), 1X MIC (m), 4X MIC (A), and 16X MIC (V). After further incubation, the viability was determined at each time point.
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FIG. 3. Development of resistance to TAK-083 and metronidazole in H. pylori NCTC 11637 (a), CPY433 (b), TN2 (c), and TN58 (d).

Metronidazole, on the other hand, induced a rapid emergence
of resistance (Fig. 3).

Inhibitory effect against tryptophanyl-tRNA synthetase. The
inhibitory activity of TAK-083 against tryptophanyl-tRNA syn-
thetase was comparatively examined by using three kinds of
enzyme sources (H. pylori, E. coli, and bovine liver). TAK-083
selectively inhibited the formation of tryptophanyl-tRNA in
prokaryotic systems such as H. pylori (with a 50% inhibitory
concentration [ICs,] of 12.2 nM) and E. coli (ICs,, 9.25 nM),
whereas the corresponding eukaryotic system (bovine liver)
was hardly affected (ICs,, 4.04 mM).
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FIG. 4. Therapeutic effects of TAK-083 against gastric infection
caused by H. pylori TN85GF4 in MON/Jms/Gbs Slc Mongolian gerbils.
The doses (in parentheses, dose ranges) (in milligrams per kilogram)
are as follows: 1 (0.892 to 1.10), 3 (2.72 to 3.31), and 10 (8.57 to 11.1).
#%, P < (0.01 by Dunnett’s test on ranked data; b.i.d., twice a day; p.o.,
orally.

Therapeutic effect against experimental gastric infection by
H. pylori in Mongolian gerbils. All of the vehicle-treated con-
trol Mongolian gerbils maintained gastric H. pylori at a level of
approximately 10° CFU. TAK-083 was efficacious in reducing
the numbers of infecting H. pylori in a dose-dependent fashion,
and a complete clearance was obtained at a dose of 10 mg/kg
of body weight (Fig. 4).

DISCUSSION

Intensive research in the field of peptic ulcer disease led to
the recognition that almost all duodenal ulcers and the major-
ity of gastric ulcers are disorders induced by H. pylori infection
(10). Moreover, persistent H. pylori infection has been shown
to be closely related to relapse of peptic ulcers as well as ulcer
complications (14, 16). Therefore, anti-H. pylori treatment
seems to be a logical approach, promising rapid ulcer healing
and a stable remission of ulcer disease. In contrast with con-
ventional antibiotics, TAK-083 showed a potent anti-H. pylori
activity with no noticeable effects on common aerobic and
anaerobic bacteria. The selective anti-H. pylori activity of TAK-
083 may be conferred by its preferential penetrability to the
target site, as has been shown for hydrophobic compounds of
small molecular size (3). Because antibiotics currently used in
eradication therapy have broad antibacterial spectra and would
therefore affect the natural gut flora, it is likely that their use
would be accompanied by gastrointestinal side effects. As the
antibacterial spectrum of TAK-083 is mainly restricted to
H. pylori, its oral use would not cause the disturbance of nor-
mal gastrointestinal microflora.
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There have been discrepancies between the in vitro antibac-
terial activities and the clinical efficacies of several antibacte-
rial agents in the clearance of H. pylori from the gastric mucosa
in the presence of peptic ulcer disease (20, 28). In spite of
excellent anti-H. pylori activity in vitro, neither clarithromycin
nor amoxicillin has been shown effective in clearing H. pylori in
the Mongolian gerbil model (14, 21). One possible explanation
for the discordance between in vitro activity and in vivo effec-
tiveness of antibacterial agents is the diminished activity of
these agents at a low pH (11). In the present study, the potent
anti-H. pylori activity of TAK-083 was shown to remain sta-
ble under acidic conditions. Following oral administration of
TAK-083 at 10 mg/kg, which enabled a complete clearance of
gastric H. pylori in the Mongolian gerbils, the plasma and
gastric mucosal levels of TAK-083 far surpassed the MIC (data
not shown).

The increasing prevalence of H. pylori strains resistant to
some of the most commonly used antibacterial agents is the
major cause of failure to eradicate the infection (15). Some
investigators have related that secondary resistance against
clarithromycin and metronidazole develops rapidly and limits
the usefulness of a number of potentially effective agents (7, 8,
26). We have found that all the tested clinical isolates were
susceptible to TAK-083 and that repeated exposure of H. pylori
strains to TAK-083 in vitro resulted in no selection of resistant
mutants, unlike what is observed with metronidazole.

Eradication of H. pylori has been shown to be effective not
only for preventing the recurrence of peptic ulcers but also for
curing them (12, 29). H. pylori infection has been implicated in
the pathogenesis of gastric cancer, and the interleukin-1 poly-
morphisms in the host have been shown to be associated with
increased risk of gastric cancer (5). Therefore, application of
H. pylori eradication therapy for high-risk individuals is ratio-
nalized to prevent subsequent development of gastric cancer.
In the present study, administration of TAK-083 resulted in
a complete clearance of H. pylori in experimentally infected
Mongolian gerbils. In conclusion, TAK-083 is an attractive
candidate for the cure of H. pylori infection, and further studies
of its potential clinical use are warranted.
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