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On 10% oleic acid–albumin–dextrose–catalase-enriched 7H11 agar medium, the MIC at which 90% of the
isolates are inhibited for 20 strains of Mycobacterium tuberculosis was 0.5 mg of sparfloxacin (SPFX) or
moxifloxacin (MXFX) per ml and 1.0 mg of clinafloxacin (CNFX) per ml, indicating that the in vitro activities
of SPFX and MXFX were virtually identical and were slightly greater than that of CNFX. However, the in vivo
activities of these drugs in a murine tuberculosis model differed considerably. Female Swiss mice were infected
intravenously with 6.2 3 106 CFU of the H37Rv strain and treated for 4 weeks, beginning the next day after
infection, with isoniazid (INH) serving as the positive control. By the criteria of 30-day survival rate, spleen
weight, gross lung lesion, and mean number of CFU in the spleen, treatment with CNFX at up to 100 mg/kg
of body weight six times weekly displayed no measurable effect against M. tuberculosis, whereas both SPFX and
MXFX were effective; administration six times weekly of either of the latter two drugs demonstrated dosage-
dependent bactericidal effects, as measured by enumeration of CFU in the spleens, and MXFX appeared more
bactericidal than the same dosage of SPFX. Of the three fluoroquinolones, only MXFX at 100 mg/kg six times
weekly appeared as bactericidal as INH at 25 mg/kg six times weekly. Thus, MXFX may be an important
component of the newer combined regimens for treatment of tuberculosis.

To treat patients with tuberculosis caused by multidrug-
resistant (MDR) strains of Mycobacterium tuberculosis and to
improve the efficacy of the standard short-course regimen for
the treatment of tuberculosis, new antituberculosis agents act-
ing by mechanisms different from those of the available drugs,
especially isoniazid (INH), rifampin, and pyrazinamide, are
urgently needed. One possible source of these new agents is
the wider-spectrum fluoroquinolones (17).

Compared to the narrow-spectrum fluoroquinolones (e.g.,
nalidixic acid, norfloxacin, pefloxacin, ciprofloxacin, and oflox-
acin [OFLO]), the broad-spectrum compounds (e.g., levofloxa-
cin, clinafloxacin [CNFX], sparfloxacin [SPFX], trovafloxacin,
etc.) exhibit greater in vitro activity against several important
pathogens as well as improved pharmacokinetic characteristics
(21). Our earlier studies revealed that both in vitro and in vivo
activities of SPFX and levofloxacin against M. tuberculosis were
significantly greater than those of OFLO (12, 14, 16, 17), sug-
gesting that some of the broad-spectrum fluoroquinolones may
be more active against M. tuberculosis than are the narrower-
spectrum compounds and that the activity of fluoroquinolones
against mycobacteria is more closely linked to their general
antibacterial activity than to physicochemical characteristics
such as lipophilicity (19). SPFX was shown to be far more
bactericidal against M. tuberculosis than either levofloxacin or
OFLO on a weight-to-weight basis in the treatment of murine
tuberculosis (12, 14, 16, 17) and appeared to be the fluoro-
quinolone with the most bactericidal activity against M. tuber-
culosis. However, because of the drug’s strong phototoxic po-
tential (9, 24), the manufacturer recommends that, in clinical
application, SPFX be administered in a dosage no higher than
200 mg per day, a dosage that appears on the basis of exper-

iments in mice (16) to be suboptimal for the treatment of
tuberculosis.

Moxifloxacin (BAY 12-8039; MXFX) is a new member of
the broad-spectrum fluoroquinolones. It is highly active against
both gram-positive and gram-negative bacteria including
anaerobes (1–5, 10, 18, 25), and in vitro, it is generally 10-fold
more active than ciprofloxacin and twice as active as SPFX (3).
In vivo, MXFX is more active than SPFX against Staphylococ-
cus aureus and as active as SPFX against Streptococcus pneu-
moniae (3). The MIC of MXFX at which 90% of the isolates
are inhibited (MIC90) was found to be 0.25 mg/ml against 25
isolates of M. tuberculosis, 1 dilution (log2) lower than that of
SPFX, and 4.0 mg/ml against 28 isolates of Mycobacterium
avium-intracellulare complex (MAC), the same as that of SPFX
(3a). In healthy male volunteers administered a single 200-mg
dose of MXFX, the maximum concentration of drug in serum
was 1.16 to 1.17 mg/ml, the half-life at b phase was 14 to 15 h,
and the area under the concentration-time curve was 14.3 to
15.4 mgzh/liter (20), indicating that the pharmacokinetic char-
acteristics of this drug are at least as favorable as those of other
fluoroquinolones including SPFX (21). Because phototoxicity
has not been observed in studies of MXFX either in vitro, in
vivo (24), or in humans (6), it may not be a problem during
treatment with this drug.

CNFX (CI-960; PD 127391) displayed excellent in vitro ac-
tivities against a broad spectrum of gram-positive and gram-
negative microorganisms and was more active than trovafloxa-
cin and ciprofloxacin (7, 23). In a study which compared almost
all available fluoroquinolones except MXFX, the MIC of CNFX
against mc2 155, a wild strain of Mycobacterium smegmatis, and
the 50% inhibitory concentration against the DNA gyrase pu-
rified from this organism were the lowest (19a), suggesting that
CNFX may exhibit promising activity against other mycobac-
teria. To date, however, only limited information is available
with respect to its in vitro activity against M. tuberculosis, and
to our knowledge, no results of its in vivo activity against M.
tuberculosis have been reported. For healthy volunteers admin-
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istered a single 200-mg dose of CNFX, the time to maximum
concentration of drug in serum was 1.5 h, maximum concen-
tration of drug in serum was 1.6 mg/ml, half-life at b phase was
6.3 h, and the area under the concentration-time curve was 11
mg z h/liter (21). Thus, the pharmacokinetic properties of
CNFX in humans do not differ significantly from those of other
broad-spectrum analogs (21).

To assess the potential role of MXFX and CNFX in the
treatment of tuberculosis, the activities of these drugs against
M. tuberculosis were compared, both in vitro and in vivo, with
those of INH and SPFX. The results of our in vivo experiment
demonstrate that MXFX is highly bactericidal against M. tu-
berculosis.

MATERIALS AND METHODS

Antimicrobial agents. MXFX was generously provided by Bayer Pharma,
Puteaux, France; CNFX was a gift of Parke-Davis, Ann Arbor, Mich.; SPFX was
obtained from Rhone D.P.C. Europe, Antony, France; and INH was from
Roche, Neuilly, France.

Determination of the MICs against M. tuberculosis. The MICs of MXFX,
CNFX, and SPFX were determined for 20 strains of M. tuberculosis, including 19
clinical isolates and the reference strain H37Rv. Among the 19 clinical isolates,
14 were fully drug susceptible and 5 (strains 4, 6, 10, 14, and 18) were MDR,
resistant at least to both INH and rifampin but not to fluoroquinolones. The
drugs were initially dissolved in 0.1 N NaOH, subsequently diluted with distilled
water, and incorporated into 10% oleic acid–albumin–dextrose–catalase-en-
riched 7H11 agar medium, with twofold-diluted final concentrations ranging
from 2 to 0.03 mg/ml.

The strains were subcultured in Tween 80-containing Dubos broth (Diagnos-
tics Pasteur, Paris, France) at 37°C for 7 days. The turbidity of the resultant
suspensions was then adjusted with distilled water to match that of a standard
suspension of Mycobacterium bovis BCG (1 mg/ml), the suspensions were further
serially 10-fold diluted to a concentration of 1025 mg/ml, and 0.05-ml portions of
the 1023- and 1025-mg/ml suspensions were plated on drug-free and drug-
containing media, respectively. The MIC was defined as the lowest drug concen-
tration that inhibited more than 99% of the bacterial growth, compared with the
growth on drug-free medium, after incubation at 37°C for 28 days.

Comparison of the in vivo activities against M. tuberculosis in mice. Three
hundred ninety 4-week-old, female Swiss mice were infected intravenously with
0.5 ml of a freshly prepared bacterial suspension containing 6.2 3 106 CFU of the
H37Rv strain; 30 additional mice were kept as noninfected and untreated con-
trols. The next day after infection (day 1), 30 mice were sacrificed to provide the
baseline values of spleen weight, gross lung lesion, and number of CFU per
spleen, and the remaining infected mice were randomly allocated to an untreated
control group (the negative controls) and 11 treated groups of 30 mice each. The
drugs were administered by an esophageal cannula (gavage), beginning on day 1
and continuing for 4 weeks. The treated mice were administered one of the
following 11 treatments: INH at 25 mg/kg of body weight six times weekly (the
positive controls); SPFX, MXFX, or CNFX in a dosage of 25, 50, or 100 mg/kg
six times weekly; and SPFX at 100 mg/kg once weekly, i.e., a total of four doses
(the 11th group). The last doses were administered on day 28 at the latest, and
all surviving mice were sacrificed on day 30. The severity of infection and the
effectiveness of the treatments were assessed by the 30-day survival rate, mean
spleen weight, gross lung lesion, and mean number of CFU per spleen. The gross
lung lesions were scored from 0 to 21, with the latter referring to a lung
extensively infiltrated with tubercles (22). A regimen was considered bacterio-
static if the mean number of CFU per spleen was significantly lower in treated
mice than in untreated controls sacrificed concomitantly but was not lower than
the pretreatment value, i.e., the mean number of CFU in the spleens of mice that
had been sacrificed on day 1; if the mean number of CFU per spleen in treated
mice was significantly lower than the pretreatment value, the regimen was con-
sidered to have demonstrated a bactericidal effect.

Enumeration of CFU in the spleen. At sacrifice, the spleen was removed
aseptically and homogenized to a final volume of 3.5 ml. Each suspension was
serially diluted in 10-fold steps, and at least three dilutions were plated on
Löwenstein-Jensen medium, three to five tubes per dilution, and incubated at
37°C for 6 weeks.

Statistical analysis. Multiple comparisons among pairs of group means were
performed by Bonferroni’s method (8). Because 12 groups were compared,
differences were considered significant at the level of 0.00075, i.e., 0.05/[12(12 2
1)/2].

RESULTS

MICs of MXFX, CNFX, and SPFX against M. tuberculosis.
As expected (22), the MICs of each of the three fluoroquino-
lones demonstrated much the same distributions for the MDR

isolates as for the fully drug-susceptible isolates. As shown in
Table 1, the MIC50 of SPFX was lower than those of MXFX
and CNFX, which were identical. However, the MIC90s of
SPFX and MXFX were the same, 0.5 mg/ml, whereas that of
CNFX was 1 dilution (log2) higher. Therefore, the in vitro
activities of SPFX and MXFX against M. tuberculosis were very
similar, and both drugs were slightly more active than was
CNFX.

In vivo activities against M. tuberculosis H37Rv strain. (i)
Thirty-day survival rate. As expected (12, 14, 16, 17), the
untreated mice began to die from tuberculosis by day 15 after
infection, and about 50% had died by day 30, whereas all of the
INH-treated mice survived. As shown in Fig. 1, virtually all of
the mice administered SPFX survived, including those treated
with SPFX at 100 mg/kg once weekly for four doses. Although
not all of the mice treated with MXFX survived, their 30-day
survival rates did not differ significantly from 100%. Moreover,
all seven of the deaths among the three groups of mice treated
with MXFX occurred between day 7 and day 10, earlier than
the occurrence of the first deaths among the untreated control
mice, suggesting that the deaths among MXFX-treated mice
were not a consequence of infection with M. tuberculosis. On
the other hand, no dosage of CNFX reduced the mortality
from tuberculosis.

(ii) Spleen weight. As early as day 1 after infection, the mean
spleen weight of infected mice was significantly higher than
that among noninfected mice. At day 30, the mean spleen
weight of all treated groups was significantly higher than the
pretreatment value (Fig. 2). Although none of the treatment
regimens was able completely to prevent the development of

FIG. 1. Survival rate of mice for 30 days after intravenous infection with
6.2 3 106 CFU of M. tuberculosis H37Rv. By the time (day 1) the treatment
began, there were 30 mice in each group. Drugs were given by gavage six times
weekly, except for one group to which SPFX was given once weekly. The num-
bers after the abbreviations for the various drugs indicate the milligrams per
kilogram per dose.

TABLE 1. MICs of SPFX, MXFX, and CNFX against 19 clinical
isolates of M. tuberculosis and the reference strain H37Rv

Fluroquinolone MIC range
(mg/ml)

MIC50
(mg/ml)

MIC90
(mg/ml)

SPFX 0.12–0.50 0.25 0.50
MXFX 0.12–0.50 0.50 0.50
CNFX 0.12–1.0 0.50 1.0
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splenomegaly, the mean spleen weight of INH-treated mice
was lower than that of all of the other treated groups. Spleen
weights among mice treated six times weekly with either SPFX
or MXFX in any dosage were significantly lower than those
among the untreated controls, whereas this was not the case
among mice treated with CNFX six times weekly in any dosage
or with SPFX once weekly.

(iii) Gross lung lesions. No lung lesions were observed
among the infected mice sacrificed on day 1 or among the mice
that had been treated with INH, SPFX at 100 mg/kg, or MXFX
at 50 or 100 mg/kg six times weekly and sacrificed on day 30.
On the other hand, on day 30, severe (21) lesions were en-
countered among all surviving untreated control mice and also
among mice that had been treated with CNFX six times weekly
in any dosage. Lesions of moderate severity (11) were ob-
served among the remaining groups of mice in various propor-
tions: 29 of 30 (96.7%) mice treated with SPFX at 25 mg/kg,
significantly more frequent than those among mice treated
with SPFX at 50 mg/kg or MXFX at 25 mg/kg, which were 1 of
30 (3.3%) and 4 of 29 (13.8%), respectively. Among the 30
mice that had been treated with SPFX at 100 mg/kg once
weekly, 11 lesions were detected in 29 mice, and 21 lesions
were detected in one mouse, suggesting a degree of efficacy in
preventing the development of gross lung lesions, similar to
that of SPFX at 25 mg/kg six times weekly.

(iv) Enumeration of CFU in the spleen. As in all of our
earlier experiments (12, 14, 16, 17), treatment with INH for 4
weeks reduced the numbers of M. tuberculosis bacteria by more
than 3 log10 from the pretreatment value (Fig. 3). Treatment
with SPFX or MXFX six times weekly demonstrated bacteri-
cidal activity that was dosage dependent. The mean number of
CFU per spleen in mice treated with MXFX was always sig-
nificantly lower than that among mice treated with the same
dosage of SPFX; thus, on a weight-to-weight basis, MXFX was
significantly more bactericidal than SPFX. On the other hand,
with the exception of MXFX at 100 mg/kg six times weekly,
none of the fluoroquinolone regimens was as strongly bacteri-
cidal as INH. None of the dosages of CNFX appeared capable
of preventing the multiplication of M. tuberculosis in mice.
Administration of SPFX at 100 mg once weekly prevented
multiplication of M. tuberculosis but did not reduce the bacte-

rial population below the pretreatment value, indicating that,
in this dosage, SPFX exerted a purely bacteriostatic effect.

DISCUSSION

In vitro, MXFX was virtually as active as SPFX against
M. tuberculosis, and both were slightly more active than CNFX.
In vivo, however, the activities of these drugs differed consid-
erably. Treatment six times weekly with CNFX in any of the
dosages examined displayed no measurable effect against
M. tuberculosis in mice, suggesting that the prospect for using
CNFX for the treatment of tuberculosis is bleak. Nevertheless,
treatment six times weekly with either SPFX or MXFX pre-
vented mortality, reduced splenomegaly, and inhibited the de-
velopment of gross lung lesions among M. tuberculosis-infected
mice. However, the results measured by these indicators did
not differ significantly among mice treated with various dos-
ages of SPFX or MXFX, suggesting again that these indicators
are not sufficiently sensitive to distinguish the efficacy of treat-
ments (17). On the other hand, enumeration of CFU in the
spleens clearly revealed that the treatment with SPFX or
MXFX displayed a bactericidal effect against M. tuberculosis;
more important is that it was able to quantify the efficacy of
treatment more precisely, and thus it demonstrated that the
bactericidal effects of the two drugs were dosage dependent
and that, on a weight-to-weight basis, MXFX was more strongly
bactericidal than was SPFX. The discrepancies between the in
vitro and in vivo activities of the three fluoroquinolones cannot
be immediately explained, although it is likely that they reflect
the differences of their pharmacokinetic properties. Unfortu-
nately, only limited pharmacokinetic data for these fluoro-
quinolones in mice are available at the present time (3, 16),
and do not provide insight into the discrepancies.

The finding that MXFX is more bactericidal than is SPFX in
mice is encouraging. Moreover, the results from in vitro and in
vivo experiments (24) and from human trials (6) all indicate
that the phototoxicity may be a negligible issue during treat-
ment with MXFX. Healthy volunteers tolerated well a single
dose of 600 mg of MXFX and daily doses of 400 mg (20),
suggesting that the clinically tolerated dosage of MXFX may
be higher than that of SPFX, which may further enhance the
bactericidal effect against M. tuberculosis to a level which would
not be achieved by the clinically tolerated dosage of SPFX.

FIG. 2. Mean spleen weights for mice surviving at 30 days after intravenous
infection with H37Rv. The control D1 bar represents the mean spleen weight for
mice sacrificed the next day after infection. Error bars represent standard devi-
ations. The numbers after the abbreviations for the various drugs indicate the
milligrams per kilogram per dose.

FIG. 3. Mean numbers of CFU in the spleens of mice surviving at 30 days.
Mice were infected intravenously with 6.2 3 106 CFU of M. tuberculosis H37Rv,
and treatment was begun the next day after infection. Error bars represent
standard deviations. The numbers after abbreviations for the various drugs
indicate the milligrams per kilogram per dose.
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Thus, MXFX may represent an important component of newer
combined regimens for the treatment of tuberculosis, espe-
cially that caused by MDR strains. That MXFX at 100 mg/kg
six times weekly appeared to be as bactericidal as was INH in
a dosage of 25 mg/kg in mice may also be an important obser-
vation. However, we are not yet able to define the human
dosage equipotent to MXFX at 100 mg/kg six times weekly in
mice.

Up to now, no fluoroquinolone has been shown to be active
against MAC (13), the pathogen of the most common dissem-
inated bacterial infection among patients in the later stage of
AIDS. In view of the promising bactericidal effect of MXFX
against M. tuberculosis, the activity of this drug against MAC
should be tested in the beige mouse model. In addition, be-
cause OFLO has already become an important component of
newer multidrug regimens employed in the treatment of lep-
rosy (15), in order to determine whether MXFX may eventu-
ally replace OFLO, the activities of both drugs should be com-
pared in the Mycobacterium leprae-infected mouse footpad
system.

One of the current approaches to overcoming the opera-
tional difficulties posed by the directly observed treatment
strategy for tuberculosis control is to develop once-weekly ri-
fapentine-containing combined regimens, in which all the com-
ponents are administered once weekly (11). To determine if
SPFX may be employed as a component of the once-weekly
combined regimen, the activity of SPFX administered once
weekly was examined in the present study. Four once-weekly
doses of SPFX at 100 mg/kg entirely prevented mortality, in-
hibited the development of severe (21) gross lung lesions in
the great majority of mice, and demonstrated a bacteriostatic
effect against M. tuberculosis. Additional experiments, in which
once-weekly SPFX or MXFX is combined with rifapentine and
INH, appear to be warranted.
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