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DC-159a is a new fluoroquinolone with more potent in vitro activity than available fluoroquinolones against
both drug-susceptible and fluoroquinolone-resistant Mycobacterium tuberculosis. Here, we report that DC-159a
displays pharmacokinetics similar to those of moxifloxacin yet is more active than moxifloxacin during both the
initial and continuation phases of treatment in a murine model. These results warrant further preclinical
evaluation of DC-159a in selected drug combinations against drug-susceptible and fluoroquinolone-resistant
tuberculosis.

Fluoroquinolones are cornerstone agents in the treatment of
multidrug-resistant (MDR) tuberculosis (TB). The most po-
tent members of the class, moxifloxacin (MXF) and gatifloxa-
cin, may be capable of shortening the treatment of drug-sus-
ceptible as well as MDR TB (1, 2, 11). However, the
emergence of fluoroquinolone resistance in Mycobacterium tu-
berculosis threatens to undermine any such advances (4).
Moreover, selection of fluoroquinolone resistance in other
bacterial pathogens as a result of prolonged TB treatment is an
increasing concern (13).

DC-159a is a new 8-methoxyfluoroquinolone with an MIC90

of 0.06 �g/ml against M. tuberculosis, which is 4 and 8 times
lower than that of MXF and levofloxacin (LVFX), respectively
(3). With an MIC90 of 0.5 �g/ml against clinical MDR TB
isolates which are resistant to other fluoroquinolones (e.g.,
MXF and LVFX MIC90 of 4 and 16 �g/ml, respectively) (3),
DC-159a may retain more activity than other fluoroquinolones
against such MDR and extensively drug-resistant (XDR) TB
isolates. Moreover, there is evidence that DC-159a is less
likely than other fluoroquinolones to select for drug resis-
tance in common bacterial pathogens other than mycobac-
teria (5, 7).

Based on these promising in vitro data, we sought to com-
pare the dose-ranging activity of DC-159a with that of MXF in
a murine model of TB. Because fluoroquinolones may differ in
their bactericidal activity against nonmultiplying or slowly mul-
tiplying M. tuberculosis in a fashion that may not be predicted
from their activity against actively multiplying bacilli (6, 9), we
compared the activities of MXF and DC-159a during the con-

tinuation phase as well as the initial phase of treatment. Be-
cause it measures a drug’s activity against a population of
“persister” bacilli surviving 2 months of treatment with rifam-
pin, isoniazid, and pyrazinamide (RHZ), the continuation
phase assessment may provide greater insight into a drug’s
treatment-shortening potential (8, 12).

These studies were performed as part of a strategic ini-
tiative by the Global Alliance for TB Drug Development to
evaluate new drug combinations (http://www.tballiance.org
/new/strategic.php). DC-159a was kindly provided by Daii-
chi-Sankyo Co., Ltd. (Tokyo, Japan). Other drugs and
6-week-old female BALB/c mice were obtained as previ-
ously described (12). All procedures involving animals were
approved by the Institutional Animal Care and Use Com-
mittee.

Serum samples were collected from uninfected mice for up
to 8 h after a single, oral dose of 25, 50, or 100 mg/kg of
DC-159a or 100 mg/kg of MXF administered by gavage. DC-
159a and MXF concentrations were determined by a validated
high-performance liquid chromatography (HPLC) assay and
analyzed by standard noncompartmental techniques using
WinNonlin (version 5.2.1; Pharsight, Mountain View, CA).
Dose proportional increases in maximal serum concentration
and the area under the concentration-time curve were ob-
served between the 25- and 100-mg/kg doses of DC-159a (Fig.
1). At 100 mg/kg, the DC-159a exposure was comparable to
that observed for MXF (Table 1).

Mice were aerosol infected with 4.01 � 0.12 log10 CFU of M.
tuberculosis H37Rv as described previously (12). Mice were
randomized to treatment groups (4 mice/group) and treated 5
days/week, by gavage, as shown in Table 2. For the initial
phase, treatment began 14 days after infection (day 0), when
the mean lung CFU count was 6.85 � 0.16 log10. For the
continuation phase, mice that received 2 months of RHZ re-
ceived 2 additional months of the regimens indicated in Table
2. After 1, 2, and 4 months of treatment, mice were sacrificed
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and lung CFU counts were determined as described previ-
ously (12). Group means for each MXF-treated group were
compared to those of each DC-159a-treated group by one-
way analysis of variance (ANOVA) with Bonferroni’s post-
test (GraphPad Prism, version 4; GraphPad Software, La
Jolla, CA).

All untreated mice died within 1 month of infection. No
deaths were observed in treated mice. During the initial 2
months, isoniazid alone and RHZ reduced lung CFU counts by
nearly 2 log10 and nearly 4 log10, respectively. Both MXF and
DC-159a exhibited dose-dependent bactericidal activity. At
100 mg/kg, DC-159a was equivalent to isoniazid. Other mono-
therapy regimens were inferior to isoniazid. DC-159a at 25
mg/kg was superior to MXF at 25 mg/kg (P � 0.05) but inferior
to MXF at 100 mg/kg (P � 0.001). DC-159a at 50 mg/kg was
superior to MXF at 25 mg/kg (P � 0.001) but not significantly
different from MXF at 50 or 100 mg/kg, and DC-159a at 100
mg/kg was superior to all MXF doses (P � 0.001). Therefore,
we conclude that DC-159a is superior to MXF on a milligram/
kilogram basis and may yield the same bactericidal activity
observed with MXF, but at half of the MXF dose, during the
initial phase of treatment.

At the start of the continuation phase, after 2 months of
RHZ treatment, the mean lung CFU count was 3.07 � 0.14
log10. Treatment with the first-line regimen (RH) for an addi-
tional 2 months rendered all mice culture negative, whereas
isoniazid alone rendered one of four mice culture negative and
reduced the mean lung CFU count by approximately 2 log10.

Both MXF and DC-159a exhibited dose-dependent activity
which was primarily bacteriostatic at doses of 25 to 50 mg/kg
and bactericidal at 100 mg/kg. No statistically significant dif-
ferences in effect size were identified when comparing the
activity of DC-159a with that of MXF at the 25- and 50-mg/kg
dose sizes, although the design of the experiment provided
limited power to detect differences of less than 0.6 log10. At the
100-mg/kg dose level, DC-159a was equivalent to isoniazid and
statistically superior to MXF at 100 mg/kg (P � 0.05), even
after adjustment for up to 6 pairwise comparisons. The supe-
riority of isoniazid over MXF at 100 mg/kg has been observed
previously in this model and implies that multiplication con-
tinues to some degree during the continuation phase and/or
that isoniazid kills by mechanisms other than inhibition of cell
wall synthesis (12).

The principal finding of this study is that the new 8-methoxy-
fluoroquinolone DC-159a has dose-dependent bactericidal ac-
tivity which is clearly superior to MXF during the initial phase
and may be superior in the continuation phase as well. These
results are consistent with the findings that the MIC of DC-
159a is 2 to 4 times lower than that of MXF (3) and that similar
drug exposures are achieved after the same dose. Therefore,
we conclude that DC-159a may be useful for shortening the
duration of treatment for drug-susceptible and MDR TB. The
greater in vitro potency of DC-159a against fluoroquinolone-
resistant, MDR M. tuberculosis isolates with common gyrA mu-
tations suggests that it should retain some activity against XDR
TB (3, 10).

Therefore, we believe DC-159a warrants further compar-
isons to MXF in selected combination regimens containing
both new and existing drugs against drug-susceptible and
fluoroquinolone-resistant strains to determine whether it
may lend superior treatment-shortening potential.

We acknowledge Norio Doi for fruitful discussions related to the
experimental design.

The study was funded by the Global Alliance for TB Drug Devel-
opment.

TABLE 1. Median pharmacokinetic parameter values for DC-159a
and MXF in BALB/c mice following single-dose oral administrationa

Drug Dose (mg/kg) Cmax (�g/ml) AUC0–� (�g � h/ml)

DC-159a 25 2.02 4.02
50 4.04 7.15

100 10.28 14.69

MXF 100 12.46 15.80

a Cmax, maximum concentration of drug in serum; AUC0–�, area under the
concentration-time curve from 0 h to infinity.

FIG. 1. Mean serum concentrations (�standard deviations) in un-
infected BALB/c mice after a single oral dose of DC-159a.

TABLE 2. Lung CFU counts in mice during the initial and
continuation phases of treatment

Regimen (drug dose
�mg/kg�)a

Lung log10 CFU count (�SD) at:

Day 0 Month 1 Month 2 Month 4

Untreated 6.85 � 0.16 Dead Dead Dead
H 6.26 � 0.17 5.24 � 0.20
MXF (25) 7.34 � 0.16 7.00 � 0.06
MXF (50) 7.05 � 0.13 6.53 � 0.10
MXF (100) 6.50 � 0.15 5.88 � 0.14
DC-159a (25) 6.85 � 0.19 6.53 � 0.29
DC-159a (50) 6.84 � 0.16 6.12 � 0.22
DC-159a (100) 6.19 � 0.23 5.15 � 0.19
2RHZ � RH 4.83 � 0.22 3.07 � 0.14 0
2RHZ � H 0.91 � 0.66b

2RHZ � MXF (25) 4.34 � 0.31
2RHZ � MXF (50) 3.87 � 0.19
2RHZ � MXF (100) 2.08 � 0.64
2RHZ � DC-159a (25) 4.57 � 0.17
2RHZ � DC-159a (50) 3.46 � 0.35
2RHZ � DC-159a (100) 1.32 � 0.18

a Treatment with isoniazid (H), moxifloxacin (MXF), or DC-159a was begun 2
weeks after infection (initial phase) or after 2 months of treatment with rifampin,
isoniazid, and pyrazinamide (RHZ) (continuation phase). Drug doses (in mg/kg)
were 10 (H), 10 (R), 150 (Z), and as indicated for MXF and DC-159a.

b One of four mice was culture negative.

1782 AHMAD ET AL. ANTIMICROB. AGENTS CHEMOTHER.



REFERENCES

1. Burman, W. J., et al. 2006. Moxifloxacin versus ethambutol in the first 2
months of treatment for pulmonary tuberculosis. Am. J. Respir. Crit. Care
Med. 174:331–338.

2. Conde, M. B., et al. 2009. Moxifloxacin versus ethambutol in the initial
treatment of tuberculosis: a double-blind, randomised, controlled phase II
trial. Lancet 373:1183–1189.

3. Disratthakit, A., and N. Doi. 2010. In vitro activities of DC-159a, a novel
fluoroquinolone, against Mycobacterium species. Antimicrob. Agents Che-
mother. 54:2684–2686.

4. Ginsburg, A. S., J. H. Grosset, and W. R. Bishai. 2003. Fluoroquinolones,
tuberculosis, and resistance. Lancet Infect. Dis. 3:432–442.

5. Hoshino, K., et al. 2008. In vitro and in vivo antibacterial activities of DC-
159a, a new fluoroquinolone. Antimicrob. Agents Chemother. 52:65–76.

6. Hu, Y., A. R. Coates, and D. A. Mitchison. 2003. Sterilizing activities of
fluoroquinolones against rifampin-tolerant populations of Mycobacterium
tuberculosis. Antimicrob. Agents Chemother. 47:653–657.

7. Komoriya, S., et al. 2006. DC-159a, a new generation of respiratory quino-
lone: synthesis, design, and biological evaluations, abstr. F1-0477. Abstr. 46th
Intersci. Conf. Antimicrob. Agents Chemother., American Society for Mi-
crobiology, Washington, DC.

8. Lalande, V., C. Truffot-Pernot, A. Paccaly-Moulin, J. Grosset, and B. Ji.
1993. Powerful bactericidal activity of sparfloxacin (AT-4140) against Myco-
bacterium tuberculosis in mice. Antimicrob. Agents Chemother. 37:407–413.

9. Malik, M., and K. Drlica. 2006. Moxifloxacin lethality against Mycobacterium
tuberculosis in the presence and absence of chloramphenicol. Antimicrob.
Agents Chemother. 50:2842–2844.

10. Onodera, Y., T. Hirata, K. Hoshino, and T. Otani. 2007. DC-159a, a novel
quinolone, showed high inhibitory activity against altered topoisomerases of
Streptococcus pneumoniae and Mycobacterium tuberculosis, abstr. F1-2126.
Abstr. 47th Intersci. Conf. Antimicrob. Agents Chemother., American So-
ciety for Microbiology, Washington, DC.

11. Rustomjee, R., et al. 2008. A phase II study of the sterilising activities of
ofloxacin, gatifloxacin and moxifloxacin in pulmonary tuberculosis. Int. J.
Tuberc. Lung Dis. 12:128–138.

12. Tyagi, S., et al. 2005. Bactericidal activity of the nitroimidazopyran PA-824
in a murine model of tuberculosis. Antimicrob. Agents Chemother. 49:2289–
2293.

13. von Gottberg, A., et al. 2008. Emergence of levofloxacin-nonsusceptible
Streptococcus pneumoniae and treatment for multidrug-resistant tuberculosis
in children in South Africa: a cohort observational surveillance study. Lancet
371:1108–1113.

VOL. 55, 2011 DC-159a IN MURINE TUBERCULOSIS 1783


