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A new fluoroquinolone, DU-6859a, was studied for its in vitro and in vivo antimycobacterial activities. MIC
determination by the agar dilution method with 7H11 medium revealed that DU-6859a had MICs at which 90%o
ofM. kansasii (0.78 ,ug/ml), M. marinum (1.56 ,ug/ml), M. scrofulaceum (1.56 ,g/ml), M.fortuitum (0.39 ,ug/ml),
M. chelonae subsp. abscessus (6.25 ,ug/ml), and M. chelonae subsp. chelonae (1.56 ,ug/ml) were inhibited were 4
to 32 times lower than those of ofloxacin and sparfloxacin. The MICs of DU-6859a at which 90%o of M.
tuberculosis (0.2 ,ug/ml) and M. avium-M. intracelulare complex (12.5 ,ug/ml each) were inhibited were
comparable to those of sparfloxacin but were four- to eightfold lower than those of ofioxacin. Thus, DU-6859a
possessed more potent in vitro activity than sparfloxacin and ofloxacin against most mycobacterial species.
DU-6859a exerted significant efficacy against infections caused by M. intraceflulare and M. chelonae subsp.
abscessus induced in mice when it was given at a dose of 1 mg per mouse (ca. 50 mg/kg of body weight) in terms
of reducing the frequency of occurrence and the degree of gross pulmonary or renal lesions and bacterial loads
in the lungs, spleens, or kidneys. The efficacy of DU-6859a was greater than that of ofloxacin and was more
pronounced against M. chelonae infections than against M. intraceiulare infections.

Since tuberculosis and Mycobacterium avium complex
(MAC) infections are rapidly increasing in immunocompro-
mised hosts, especially in AIDS patients (2, 4, 9, 35, 38),
serious difficulty is frequently encountered in controlling these
infections clinically. In particular, no regimen has yet been
generally accepted as effective therapy for the disseminated
MAC infection frequently seen in AIDS patients, although
several previous clinical trials have demonstrated various com-
binations of antimicrobial agents have some degree of efficacy
(1, 2, 10, 15, 36). Hence, the development of potent antimy-
cobacterial drugs is urgently needed. Many studies have dem-
onstrated that some new quinolones, including ciprofloxacin
(CPFX), ofloxacin (OFLX), and sparfloxacin (SPFX), exert
appreciable in vitro antimycobacterial activities (5, 7, 12, 14,
19, 22, 26, 29-31, 33, 37) and degrees of chemotherapeutic
efficacy against certain types of mycobacterial infections, par-
ticularly tuberculosis and M. fortuitum infections in humans
and experimental animals (8, 11, 19, 25, 28, 30-32, 34). In
addition, therapy with combinations that include CPFX has
been reported to be efficacious against disseminated MAC
infections in humans (2, 3, 13), although the contribution of
the quinolone in this regimen is unclear. There also remains
the problem that the antimycobacterial activities of these
quinolones are limited. Furthermore, in cases of tuberculosis
in AIDS patients multidrug resistance of the isolates is fre-
quently encountered (6, 24). Some new quinolones such as
OFLX and CPFX may be effective against intractable pulmo-
nary tuberculosis caused by drug-resistant tubercle bacilli (6,
34); therefore, the development of new quinolones that possess
improved antimycobacterial activities, especially against M
tuberculosis and MAC, is important.

Recently, DU-6859a (Fig. 1), which is the sesquihydrate of
DU-6859 (23), was synthesized by Daiichi Pharmaceutical Co.

* Corresponding author. Mailing address: Department of Microbi-
ology and Immunology, Shimane Medical University, Izumo 693,
Japan. Present address: National Institute for Leprosy Research,
Aoba-cho 4-2-1, Higashimurayama-shi, Tokyo 189, Japan.

Ltd., Tokyo, Japan. This drug has much more potent in vitro
antimicrobial activity against various gram-positive organisms,
including methicillin-resistant Staphylococcus aureus, strepto-
cocci, and enterococci, than those of other quinolones such as
SPFX, tosufloxacin, CPFX, and OFLX (23). Moreover, DU-
6859a has been demonstrated to possess excellent activity
against the members of the family Enterobacteriaceae, Pseudo-
monas aeruginosa, Moraxella catarrhalis, and other gram-nega-
tive bacteria (23). In the study described here we evaluated the
in vitro and in vivo antimycobacterial activities of DU-6859a.

MATERUILS AND METHODS

Organisms. One hundred seventy-seven strains of acid-fast
bacilli, including M. tuberculosis, M. kansasii, M. marnum, M
scrofulaceum, M avium, M intracellulare, M fortuitum, M
chelonae subsp. abscessus, and M chelonae subsp. chelonae,
were used.

Mice. Five-week-old female BALB/c mice and A/J mice (18-
to 20-g body weights) purchased from Japan SLC, Inc.,
Hamamatsu, Japan, were used.

Drugs. DU-6859a and OFLX were obtained from Daiichi
Pharmaceutical Co., Ltd., and SPFX was donated by Dainip-
pon Pharmaceutical Co., Ltd., Osaka, Japan.
Drug susceptibility testing. Determination of the MICs of

the test drugs was performed as described previously (21).
Briefly, the bacterial suspension was prepared by diluting
organisms grown in 7H9 medium at 37°C (or 33°C for M
marinum andM chelonae subsp. chelonae) for 3 to 7 days with
0.01% Tween 80 in saline to give a bacterial concentration of
approximately 106 CFU/ml. The bacterial suspension (5 ,ul)
was spotted onto 7H11 agar plates containing 100 to 0.05 ,ug
(serial twofold dilutions) of drug per ml. The drugs were
initially dissolved in 0.1 N NaOH, and the solution was diluted
with distilled water to appropriate concentrations before it was
added to the agar medium. The MICs of the drugs were
determined 7 days (rapid growers) or 14 days (slow growers)
after the start of cultivation at 37°C (33°C forM mannum and
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FIG. 1. Chemical structure of DU-6859a.

M. chelonae subsp. chelonae) in a CO2 incubator (5% CO2-
95% humidified air). The MICs were read as the minimum
concentrations of drugs that completely inhibited the growth of
organisms or that allowed no more than five colonies per spot
to grow. All drugs were thought to retain their activities in the
agar medium during the course of 2 weeks of cultivation since
they were very stable in aqueous solutions. DU-6859a retained
97 to 100% of its initial activity at pH 6 to 8 at 60°C after 2
weeks of incubation. OFLX retained 98 to 100% of its initial
activity at pH 5 to 9 at 40°C after 2 weeks. SPFX retained 93%
of its initial activity at 100°C after 3 days (lla, 22a).

Experimental infection. BALB/c mice infected intravenously
with M. intracellulare N-260 (virulent smooth transparent co-
lonial variant) and A/J mice infected intravenously with M.
fortuitum ATCC 23010 or M. chelonae subsp. abscessus Mat-
sumura at doses of 1.5 x 106 to 2.8 x 107 CFU per mouse were

given the test drugs finely emulsified in 2.5% gum arabic-0.2%
Tween 80 solution by gavage once daily six times per week
from 1 day after infection to the end of the experiment. In mice
with M. intracellulare infection, mice were killed at weeks 4 and
8 and were observed for the occurrence of gross lung lesions.
In mice with M. fortuitum infection, mice were observed for the
frequency of spinning disease (20) during the course of infec-
tion and were killed at weeks 2 and 4 and observed for the
occurrence of gross renal lesions. In mice with M chelonae
subsp. abscessus infection, the animals were observed for
survival and the frequency of spinning disease during the
course of infection, and the surviving mice were killed on day
30 and observed for the occurrence of gross renal lesions. In
these cases, the bacterial loads in the visceral organs, including
the lungs, spleens, and kidneys, were measured by counting the
numbers of CFU of the organisms in the tissue homogenates
by using 7H11 agar plates as described previously (27). Briefly,
the numbers of CFU in the visceral organs were counted by
inoculating serial 10-fold dilutions of tissue homogenates
prepared with a glass homogenizer onto 7H11 agar plates and
cultivating the plates at 37°C for 2 weeks. The tissue homoge-

nates were decontaminated with 0.2% NaOH for 20 s and were
then immediately neutralized with 0.5 N HCl prior to serial
dilution. The significance of any differences between CFU in
control and treated groups was evaluated by Student's t test.

RESULTS

In vitro antimicrobial activity. The MICs of DU-6859a,
SPFX, and OFLX for various acid-fast bacilli were deter-
mined. Table 1 summarizes the MICs of DU-6859a at which 50
and 90% of test mycobacterial organisms were inhibited
(MIC50s and MIC90s, respectively). DU-6859a possessed 4- to
32-fold lower MIC90s for M. kansasii (0.78 ,ug/ml), M. marinum
(1.56 jig/ml), M. scrofulaceum (1.56 ,ug/ml), M. fortuitum (0.39
,ug/ml), and M. chelonae (6.25 and 1.56 ,ug/ml for M. chelonae
subsp. abscessus and M. chelonae subsp. chelonae, respectively)
compared with those of SPFX and OFLX. On the other hand,
DU-6859a had the same MIC90s as those of SPFX for M.
tuberculosis (0.2 ,ug/ml), M. avium (12.5 ,ug/ml), and M intra-
cellulare (12.5 ,ug/ml). However, the MIC90s of DU-6859a for
these species were four- to eightfold lower than those of
OFLX. Results were similar with respect to MIC50s.

Concerning the MIC distributions of the test drugs, the
following can be stated. (i) The MICs of DU-6859a for M
tuberculosis,M marinum, andM intracellulare were distributed
over a lower range than those of SPFX and OFLX, while the
MICs of OFLX were distributed over a higher range than
those of SPFX. (ii) The MICs of SPFX and OFLX for M
scrofulaceum, M fortuitum, M chelonae subsp. abscessus, and
M chelonae subsp. chelonae were distributed over similar
ranges, whereas the MICs of DU-6859a showed a distribution
over a lower range than those of SPFX and OFLX. (iii) The
MICs of DU-6859a for M kansasii and M avium were

distributed over ranges similar to those of SPFX. The MIC
distributions of OFLX for these organisms were over higher
ranges than those of DU-6859a and SPFX.

Efficacy of DU-6859a against M. intracellulare infection. The
in vitro study described above indicated that DU-6859a has an

appreciably greater antimicrobial activity than that of OFLX
(the quinolone most frequently used in Japan for the treatment
of mycobacterial infections) against the M avium-M intracel-
lulare complex, since the former exhibited four- to eightfold
lower MICs. We therefore compared the efficacy of DU-6859a
against experimental murine infection induced byM intracel-
lulare N-260 with that of OFLX. The MICs of DU-6859a and
OFLX for the organism were 6.25 and 25 ,ug/ml, respectively.
In this experiment, DU-6859a reduced the degree of gross lung
lesions at week 8 (the score was reduced from 2+ in untreated
mice to 1 + in DU-6859a-treated mice) when it was given at a

TABLE 1. MICs of DU-6859a, SPFX, and OFLX for various mycobacterial species
MIC (pg/ml)

Species No. of DU-6859a SPFX OFLX
strains

50% 90% 50% 90% 50% 90%

M. tuberculosis 25 0.1 0.2 0.1 0.2 0.78 0.78
M. kansasii 19 0.39 0.78 0.39 3.13 0.78 3.13
M. mayinum 10 0.78 1.56 6.25 12.5 12.5 25
M. scrofulaceum 19 0.78 1.56 6.25 12.5 6.25 25
M. avium 18 1.56 12.5 1.56 12.5 12.5 50
M. intracellulare 31 3.13 12.5 6.25 12.5 50 100
M. fortuitum 20 0.2 0.39 1.56 1.56 1.56 3.13
M. chelonae subsp. abscessus 15 3.13 6.25 >100 >100 >100 >100
M. chelonae subsp. chelonae 20 0.39 1.56 6.25 50 12.5 50
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TABLE 2. Therapeutic efficacy of DU-6859a against
M. intracellulare infection induced in BALB/c mice in terms

of reductions in bacterial loads in lungs and spleensa

Log CFU/organ6

Drug Dose 4 wk 8 wk(mg/kg)______________________
Lungs Spleens Lungs Spleens

None 5.44 ± 0.12 6.69 ± 0.08 6.52 ± 0.07 7.25 ± 0.03

DU-6859a 25 5.24 ± 0.03 6.89 ± 0.16 6.48 ± 0.05 7.18 ± 0.02
50 5.30 ± 0.13 6.87 ± 0.06 6.15 ± 0.04c 6.98 ± 0.02c

OFLX 25 5.09 ± 0.11 6.64 ± 0.05 6.62 ± 0.02 7.14 ± 0.03
50 4.84 + 0.05c 6.40 ± 0.05C 6.51 ± 0.06 6.99 ± 0.03c

Mice were infected with 1.7 x 17 M. intracellulare N-260. The MICs of
DU-6859a and OFLX for the organism were 6.25 and 25 pLg/ml, respectively.

b Log CFU on day 1 were 4.68 ± 0.05 for the lungs and 6.31 ± 0.03 for the
spleens.

c Significantly less than the value for untreated mice (P < 0.05).

dose of 50 mg/kg of body weight, and its efficacy was slightly
greater than that of OFLX (data not shown). As shown in
Table 2, DU-6859a (50 mg/kg) reduced the bacterial loads in
the lungs and spleens at week 8 by 0.37 and 0.27 log units,
respectively, compared with those in untreated control mice.
The reduction was found to be statistically significant by
Student's t test. Although the therapeutic efficacy of DU-6859a
was greater than that of OFLX on the basis of the bacterial
loads in the viscera at week 8, its efficacy at reducing the
bacterial loads during the first 4 weeks after infection was
considerably inferior to that of OFLX. The modest efficacy of
DU-6859a against M. intracellulare infection is due to its
considerably greater MIC (6.25 ,ug/ml), which seems greater
than the level of the drug in serum. That is, the maximum
concentrations of drug in the sera of mice given 8 and 16 mg of
DU-6859a per kg of body weight were 0.31 and 0.53 ,g/ml,
respectively (30a). Thus, the maximum concentration of drug
in the sera of mice given 50 mg of the drug per kg did not seem
to exceed 1.7 ,ug/ml.

Efficacy of DU-6859a against M. fortuitum infection. The in
vitro studies indicated that DU-6859a had four- to eightfold
greater antimicrobial activity than those of OFLX and SPFX
against M. fortuitum. Therefore, we evaluated the therapeutic
activity of DU-6859a against murine infections caused by M.
fortuitum ATCC 23010. The MIC of DU-6859a for the organ-
ism was 0.4 ,ug/ml. In this experiment, DU-6859a given at 10-
to 50-mg/kg dosages completely inhibited the incidence of
spinning disease and gross renal lesions for up to 4 weeks after

infection (data not shown). As shown in Table 3, DU-6859a
administered at 10- to 50-mg/kg doses accelerated the elimi-
nation of the organisms from the sites of infection. DU-6859a
treatment significantly reduced the bacterial loads in the lungs,
spleens, and kidneys at weeks 2 and 4 after infection when
compared with those in the organs of untreated control mice.
The efficacy of DU-6859a was the greatest in reducing the
bacterial loads in the kidneys; this was followed by a reduction
in the bacterial loads in the spleens. The excellent efficacy of
DU-6859a againstM fortuitum infection is due to the low MIC
of the drug (0.4 ,ug/ml), which is lower than the level of the
drug in serum: 0.53 ,ug/ml at the 16-mg/kg dose.

Efficacy of DU-6859a against M. chelonae infection. The in
vitro studies indicated that DU-6859a had a markedly more

profound antimicrobial activity than those of OFLX and SPFX
againstM chelonae subsp. abscessus, with MICs being a factor
of 16 to 32 lower than those of the latter drugs. The experiment
was undertaken to evaluate the therapeutic activity of DU-
6859a against murine infections caused byM chelonae subsp.
abscessus Matsumura. The MICs of DU-6859a and OFLX for
the organisms were 6.25 and 100 ,ug/ml, respectively. Figure 2
illustrates the changes in percent survivors of mice given
DU-6859a or OFLX at doses of 10 to 50 mg/kg during the
course of infection. The MICs of DU-6859a and OFLX for the
organism were 6.25 and 100 ,ug/ml, respectively. DU-6859a
given at a dose of 50 mg/kg was efficacious in protecting mice
from fatal infection, whereas OFLX at the same dose failed to
show such a significant efficacy. The survival rate of mice given
DU-6859a at a dose of 50 mg/kg was significantly higher than
that of untreated mice and those given the same dosages of
OFLX during days 1 to 28. Although DU-6859a given at a dose
of 10 mg/kg was less efficacious than OFLX given at the same
dose, the difference in their efficacies was minimal. In this
experiment, spinning disease occurred in most of the infected
mice, regardless of drug treatment, with a 6- to 14-day lag time.
There was no significant difference in the frequency of spinning
disease between untreated and drug-treated mice. The mice
that died of the infection had gross renal lesion scores of 2+ to
4+, and the extent of the lesions was similar in untreated mice
and mice given DU-6859a or OFLX. In the case of mice that
survived for 30 days after infection, DU-6859a given at a
50-mg/kg dose reduced the extent of the lesions (the score was
reduced from 5+ in untreated mice to 2+ to 4+ in DU-6859a-
treated mice) (data not shown). The efficacy of OFLX at the
same dose was much lower. The two drugs given at the
10-mg/kg dosage also reduced the extent of the lesions, but the
degree of efficacy was less than that of DU-6859a at the
50-mg/kg dose. Table 4 indicates the efficacies of the two
quinolones against the same infection in terms of reducing the

TABLE 3. Therapeutic efficacy of DU-6859a against M. fortuitum infection induced in A/J mice as reductions
in bacterial loads in lungs, spleens, and kidneysa

2 wk 4 wk

Drug Dose No. of Log CFU/organ No. of Log CFU/organ
mice Lungs Spleens Kidneys mice Lungs Spleens Kidneys

None 4 2.74 ± 0.05 3.51 ± 0.23 5.72 ± 0.15 5 1.94 ± 0.18 1.89 ± 0.08 3.07 ± 0.47

DU-6859a 10 5 1.83 ± 0.06 1.83 ± 0.06 __b 5
25 5 1.95±0.13 5
50 5 1.77 5

Mice were infected intravenously with 1.5 x 106 CFU of M. fortuitum ATCC 23010. The MIC of DU-6859a for the organism was 0.4 ,ug/ml. The log CFU on day
1 were 5.17 ± 0.02 for the lungs, 5.40 ± 0.23 for the spleens, and 5.24 ± 0.15 for the kidneys.
b, not detected (<1.77).
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FIG. 2. Therapeutic efficacies of DU-6859a and OFLX against M. chelonae subsp. abscessus infection induced in mice in terms of prolongation

of survival time of infected mice. Mice were infected with 2.8 x 107 M. chelonae subsp. abscessus Matsumoto. The survival rate for mice given
DU-6859a at a dose of 50 mg/kg was significantly higher than that for untreated control mice (P < 0.01) during 12 to 28 days after infection.

, DU-6859a at 50 mg/kg; ....., DU-6859a at 25 mg/kg; - - - -, DU-6859a at 10 mg/kg; -.-.-, OFLX at 50 mg/kg; - ----, OFLX at 25 mg/kg;
---- -, OFLX at 10 mg/kg; , control.

bacterial loads in the visceral organs of infected mice. For mice
that died of theM chelonae infection and that had or had not
been treated with DU-6859a or OFLX, DU-6859a at a dose of
50 mg/kg reduced the growth of the organisms in the visceral
organs. For mice that survived for 30 days after infection,
DU-6859a or OFLX treatment caused accelerated elimination
of organisms from the lungs and spleens of infected mice and
the inhibition of bacterial growth in the kidneys. The efficacy
was most obvious in DU-6859a given at a dose of 50 mg/kg. In
this case, decreases in the bacterial CFU of 1.6, 1.0, and 1.2 log

units were seen in the lungs, spleens, and kidneys of drug-
treated mice, respectively, compared with those in the organs
of untreated control mice. The reduction in the bacterial loads
in the spleens and kidneys of mice given the 50-mg/kg dose of
DU-6859a was significantly greater than that seen in the organs
of mice treated with the same dose of OFLX (P < 0.05).
DU-6859a given at a 10-mg/kg dose and OFLX given at 10-
and 50-mg/kg doses also reduced the bacterial loads in these
organs. However, the efficacy was less than that of DU-6859a
at the 50-mg/kg dose. In this experiment, it should be noted

TABLE 4. Effect of DU-6859a or OFLX treatment on bacterial loads in visceral organs in mice infected with M. chelonae subsp. abscessusa

Dose No. of Survival time Log CFU/organ (mean ± SEM)b
Drug (mg/kg) mice Fate (day) Lungs Spleens Kidneys

None 13 Died 9-23 7.12 ± 0.06 6.27 ± 0.11 9.05 ± 0.08
2 Killed 30 5.85 ± 1.35 5.26 ± 0.15 8.03 ± 0.36

DU-6859a 10 13 Died 9-13 7.00 ± 0.06 6.28 ± 0.08 8.86 ± 0.12
2 Killed 30 4.34 ± 0.08 4.82 ± 0.04 7.38 ± 0.01

25 15 Died 9-20 6.79 ± 0.19 6.06 ± 0.12 8.84 ± 0.11
50 3 Died 10 6.45 ± 0.26 6.17 ± 0.08 8.46 ± 0.19

12 Killed 30 4.26 ± 0.29 4.30 ± 0.14c" 6.82 ± 0.11"

OFLX 10 11 Died 9-15 7.09 ± 0.06 6.31 ± 0.08 8.92 ± 0.10
4 Killed 30 5.10 ± 0.49 4.59 ± 0.18 7.10 ± 0.52

25 15 Died 9-23 6.95 ± 0.05 6.11 ± 0.07 8.98 ± 0.05
50 12 Died 9-23 6.93 ± 0.18 5.96 ± 0.21 8.94 ± 0.12

3 Killed 30 4.70 ± 0.07 4.94 ± 0.17 7.60 ± 0.30
a Fifteen mice were used in each regimen. The surviving mice were killed on day 30 after infection. For other details, see legend to Fig. 2.
b The log CFU on day 1 were as follows: 5.36 ± 0.04 for the lungs, 6.52 ± 0.03 for the spleens, and 5.38 ± 0.04 for the kidneys.
c Significantly less than the value for untreated mice (P < 0.05).
d Significantly less than the value for OFLX-treated mice (P < 0.05).
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that the levels of DU-6859a in serum (maximum concentration
of drug in serum at 16 mg/kg, 0.53 jig/ml) were insufficient to
inhibit the growth of the organisms, since the MIC of the drug
was 6.25,ug/ml. However, DU-6859a could still display a not so
potent but a significant level of therapeutic efficacy against M.
chelonae infection. This means that the sub-MIC of DU-6859a
is also efficacious against M. chelonae infection when the drug
is given daily at short intervals.

DISCUSSION

The study described here demonstrated the superior in vitro
antimycobacterial activity of DU-6859a compared with that of
OFLX. DU-6859a showed 2- to 32-fold lower MIC50s and
MIC90s for all mycobacteria tested, including M. tuberculosis
and MAC, compared with those of OFLX. DU-6859a also
proved to possess 4- to 32-fold lower MIC90s and MIC50s than
SPFX for many species such as M. marinum, M. scrofulaceum,
M. fortuitum and M. chelonae, but not M. tuberculosis and M.
avium. DU-6859a exerted significantly greater activity than
SPFX against these acid-fast bacilli; SPFX is one of the most
potent quinolones, including norfloxacin, OFLX, CPFX, tosu-
floxacin,fleroxacin, AM-1155, and others (19, 22, 26, 29, 30).
DU-6859a had much greater in vitro M. chelonae activity than
SPFX and OFLX against M. chelonae. As far as we know, there
are no other quinolones with such potent activity against M.
chelonae (19, 22, 29). Recently, we found that the new quin-
olone AM-1155 possesses relatively potent activity against M.
chelonae (26), and its MICgs for M. chelonae subsp. abscessus
and M chelonae subsp. chelonae were 25 and 6.25,ug/ml,
respectively. However, these MICs are still much greater than
those of DU-6859a. Therefore, it seems that further develop-
ment of drug design on the basis of chemical modifications
such as those devised for DU-6859a may improve the anti-M.
chelonae activities of quinolones.

Although the MIC90s of DU-6859a for M tuberculosis and
M intracellulare were the same as those of SPFX, the MIC
distribution analysis indicated a considerable improvement in
the activity of DU-6859a compared with that of SPFX. On the
contrary, there was no increase in the anti-M. avium activity of
DU-6859a compared with that of SPFX, as evidenced by its
MIC distribution pattern. In the case of M kansasii, the MIC
distribution analysis revealed that the majority of test strains
had the same susceptibilities to DU-6859a and SPFX, although
the MIC9J of DU-6859a was fourfold less than that of SPFX.
In any case, these findings indicate that DU-6859a has appre-
ciably more potent in vitro antimicrobial activity against many
mycobacterial species compared with those of SPFX and
OFLX.
When mice infected with M intracellulare, M fortuitum, or

M chelonae subsp. abscessus were given DU-6859a at the
50-mg/kg dose (or, in the case ofM fortuitum, doses of 10 to 50
mg/kg) by gavage daily six times per week, the drug exerted
potent therapeutic efficacy against M fortuitum infection and
modest efficacy against M chelonae and M intracellulare
infections in terms of reducing gross pulmonary or renal
lesions, bacterial loads in the viscera, and the mortality of the
infected animals. In most cases, the degree of efficacy of
DU-6859a was higher than that of OFLX. Against M intracel-
lulare infection, DU-6859a also displayed a higher degree of
efficacy than OFLX in reducing the bacterial loads in the lungs
and spleens at 8 weeks after infection, although the activity of
DU-6859a during the first 4 weeks was considerably less than
that of OFLX. This may be partly explained as follows.
DU-6859a is more bactericidal than OFLX for some gram-
positive or gram-negative bacteria, as evidenced by the low

MBC/MIC ratio of DU-6859a for S. aureus, Escherichia coli,
and Pseudomonas aeruginosa, ranging from 1.0 to 2.0 (23).
Thus, although we have not yet determined the MBC/MIC
ratio of DU-6859a for mycobacteria, the drug also seems to
exert potent microbicidal activity against mycobacteria. Con-
sequently, the regrowth of the organisms, which usually com-
mences between 4 and 8 weeks after infection during the
course of continuous chemotherapy of infected mice (27),
might be retarded in the case of DU-6859a treatment because
of its potent microbicidal action against the organisms. How-
ever, the reason why DU-6859a failed to significantly eliminate
the organisms from the sites of infection during the first 4
weeks is still unclear. For elucidation of the precise reason for
this strange phenomenon, further detailed information con-
cerning the pharmaceutical properties of DU-6859a is needed,
including the mode of antimicrobial action against MAC
organisms, pharmacokinetics, uptake and accumulation by
phagocytic cells, and effects on the host immune system, as has
been demonstrated for some cephalosporins (16, 17).

In any case, the present study showed appreciably improved
in vitro and in vivo activities of DU-6859a against some
mycobacteria compared with ordinary quinolones, in particular
M. fortuitum and M. chelonae, thereby suggesting the possible
usefulness of DU-6859a as the drug of choice for the clinical
control of these mycobacterial infections. In addition, DU-
6859a may be efficacious against M. marinum and M. scrofula-
ceum infections, because it has much greater in vitro activity
against them than ordinary quinolones. In addition, it has been
reported that DU-6859 has fairly good pharmacokinetic and
safety properties on the basis of its good absorption after oral
administration to animals, rapid distribution to various tissues
and organs, and excretion in the urine and bile as unchanged
drug (18). These factors encourage us to perform further
studies to assess its in vivo activity against other mycobacterial
infections, the efficacies of multidrug regimens involving DU-
6859a, more detailed pharmacokinetic studies of DU-6859a,
and assessments of its toxicity.
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