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Sparfloxacin Is More Bactericidal than Ofloxacin
Against Mycobacterium leprae in Mice' , 2

Scott G. Franzblau, Manuela Luisa R. Parrilla, and
Gertrude P. Chan 3

Ofloxacin and pefloxacin were the first
fluoroquinolones to have demonstrated ac-
tivity against Mycobacterium leprae in a
mouse model ( 4 ' 6 ' 13 ) and were thus subse-
quently tested in human leprosy ( 5 ). Oflox-
acin, with a better therapeutic index, has
been selected as the "second bactericidal
agent" in a recently initiated, multicenter,
World Health Organization (WHO)-spon-
sored trial in leprosy.

A large number of new quinolones were
produced by the pharmaceutical industry in
the late 1980s. In an in vitro evaluation of
20 such agents, several were found to be
more potent than ofloxacin with respect to
their activity against M. leprae in the BAC-
TEC system ( 2 ). One of these agents, spar-
fioxacin (AT-4140), was also shown to have
more potent in vivo activity against M. lep-
rae in a nude mouse model of leprosy when
compared to ofloxacin (IS).

In this study we compared the activity of
sparfioxacin and ofloxacin against M. leprae
in normal immune-competent mice using
the proportional bactericidal test ('). In ad-
dition, we determined the pharmacokinet-
ics of sparfioxacin for the purpose of deter-
mining an appropriate human dosage for
leprosy.

MATERIALS AND METHODS
Proportional bactericidal method. Three-

hundred-sixty, 7-week-old, female BALB/c
mice were inoculated in each of their hind
foot pads with approximately 30 ,u1 of a
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cepted for publication on 9 December 1992.
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nude-mouse-derived inoculum of M. leprae
prepared in Hanks' balanced salt solution
(HBSS). Groups of 90 mice received 5, 50,
500 or 5000 acid-fast bacilli (AFB) in both
foot pads. After 30 days, mice received ei-
ther ofloxacin (Daiichi Pharmaceutical Co.
Ltd., Tokyo, Japan), sparfioxacin (Dainip-
pon Pharmaceutical Co. Ltd., Osaka, Japan)
or carboxymethylcellulose (Sigma Chemi-
cal Co., St. Louis, Missouri, U.S.A.) by
esophageal canula for 8 weeks (5 days/week).
The drug suspensions were prepared fresh
at weekly intervals in 0.5% sterile carbox-
ymethylcellulose and kept refrigerated and
protected from light between use. Groups
of 10 mice at each inoculum dosage re-
ceived either 0.2 ml sparfioxacin or oflox-
acin to achieve final dosages of 12.5, 25, 50
and 100 mg/kg. Control mice received 0.2
ml 0.5% carboxymethylcellulose. Dosage
adjustments for growth of the mice during
the experiment were made by determining
mean body weights on a weekly basis.

One year after infection all mice were sac-
rificed, and smears were prepared from tis-
sue homogenates of individual foot pads. A
total of 60 high-power fields were examined
on Ziehl-Neelsen-stained smears for the
presence of AFB. The observation of any
AFB resulted in the scoring of that foot pad
as positive.

Statistical analysis was performed as de-
scribed by Shepard ( 14 ).

Pharmacokinetics. Mice were adminis-
tered sparfloxacin at 12.5 mg/kg as de-
scribed above. Immediately prior to ad-
ministration and again at 20, 40 and 60 min
and 2, 4, 8 and 24 hr post-administration,
three mice were bled from the brachial plex-
us. Equal volumes of sera from the three
mice were pooled and then frozen until an-
alyzed by high-performance liquid chro-
matography (HPLC) (courtesy of Dainip-
pon). Other mice were administered
repeated doses of sparfioxacin at 24-hr in-
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THE TABLE. Bactericidal activity of sparfloxacin and ofloxacin against M. leprae in the
"louse.

18 foot pads counted.
16 foot pads counted.

tervals, and groups of three mice were bled
at 30 min and 24 hr postadministration.

RESULTS AND DISCUSSION
Pattyn ( 12) and Grosset, et al. (4), using

the proportional bactericidal and kinetic
methods, respectively, had previously re-
ported ofloxacin to be bactericidal against
M. leprae in the mouse at 50 mg/kg, the
lowest dose tested. In this study ofloxacin
produced a significant bactericidal effect at
dosages of 25-100 mg/kg (The Table). Spar-
floxacin, however, demonstrated significant
bactericidal activity at 12.5 mg/kg. More-
over, it was significantly more bactericidal
than ofloxacin at each dose (p < 0.001 at
12.5, 25 and 50 mg/kg; p = 0.029 at 100
mg/kg). The results obtained with 25 mg/
kg sparfloxacin were nearly identical to those
obtained with 100 mg/kg ofloxacin.

Tsutsumi and Gidoh also found sparflox-
acin to be more active than ofloxacin against
M. leprae in their nude mouse model ( 15 ).
They recently reported sparfloxacin to be
bactericidal in the nude mouse model at 10
mg/kg and bacteriostatic at 5 and 2 mg/kg
( 3), corroborating our finding here of bac-
tericidal activity at 12.5 mg/kg. Considering
that the LD 50 in mice (po administration)
of sparfloxacin (> 5000 mg/kg) ( 7 ) is at least
equal to that of ofloxacin (5355 mg/kg) ("),
sparfloxacin would be expected to have a
higher therapeutic index for leprosy.

The estimated maximum serum concen-
tration of sparfloxacin in mice following a
single oral dose of 12.5 mg/kg was 1.74 ye
ml. This may be a slight underestimate since

this was the concentration obtained on the
first sampling at 20 min postadministra-
tion. The repeated daily administration of
12.5 mg/kg sparfloxacin (as was done for
the proportional bactericidal experiment)
did not result in higher serum levels (data
not shown). The dosage required in humans
to obtain 1.74 pg/m1 sparfloxacin in serum
is approximately 400-600 mg ( 10 ). The half-
life of sparfloxacin in this study was 1.2 hr
in contrast to 16 hr in humans; therefore,
it would be more appropriate to use the area
under the serum concentration curve (AUC)
in selecting a suitable dosage for a human
trial. At 12.5 mg/kg, the AUC in mice was
2.99 pg hr ml while an equivalent value in
humans would be obtained at a dosage of
less than 100 mg ( 9 ). The manufacturer is
currently considering the standard dosage
of sparfloxacin to be 200 mg daily (personal
communication, M. Ishizaki, Dainippon,
1992). According to the data obtained in
this study, this dose should be appropriate
for a clinical trial in human leprosy.

SUMMARY
The comparative bactericidal activities of

sparfloxacin and ofloxacin against Myco-
bacterium leprae in mice were determined
using the proportional bactericidal test at
doses of 12.5 mg/kg-100 mg/kg. Significant
bactericidal activity was found at 12.5 mg/
kg sparfloxacin and 25 mg/kg ofloxacin.
Sparfloxacin was significantly more bacte-
ricidal than ofloxacin at all doses, and the
results with 25 mg/kg sparfloxacin were
nearly identical to those obtained with 100
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mg/kg ofloxacin. These results, together with
pharmacokinctic and toxicological data in
mice and man, suggest that sparfloxacin may
have a higher therapeutic index than oflox-
acin in leprosy, and that the tentative stan-
dard dosage of 200 mg sparfloxacin daily
should be appropriate for a clinical trial.

RESUMEN
Utilizzindo la prueba bactcricida proporcional, se es-

tudi° la actividad bactcricida de la esparfloxacina y de
la ofloxacinia en contra del Mycobacterium leprae ino-
culado en ratones. Se encontr6 significance actividad
bactcricida a 12.5 mg/kg de esparfloxacina y a 25 mg/
kg de ofoxacina. La esparfloxacina fue significativa-
mente mas bactcricida que Ia ofloxacina a todas las
dosis (12.5 mg/kg-100 mg/kg), y los resultados obte-
nidos con 25 mg/kg de esparfloxacina fucron practi-
camcntc identicos a los obtcnidos con 100 mg/kg de
ofloxacina. Estos resultados, junto con los datos far-
macocineticos y toxicolOgicos en el ratOn y en el hom-
bre, sugicrcn que la esparfloxacina puede tenor un in-
dice terapeutico mayor que la ofloxacina en la lepra, y
que una dosis estandar tentativa de 200 mg diarios de
esparfloxacina es apropiada para un ensayo clinic°.

RÉSUMÉ

Les activites bactericides de la sparfloxacinc et de
l'ofloxacine vis-a-vis de Mycobacterium leprae chez la
souris ont etc comparees et determinees en utilisant le
test bactericide proportionnel a des doses de 12.5mg/
kg a 100 mg/kg. Unc activite bactericide significative
a etc observec avec 12.5 mg/kg de sparfloxacine et 25
mg/kg d'ofloxacine. La sparfloxacine emit significati-
vement plus bactericide que l'ofloxacine a tous les do-
sages, et les resultats obtenus avec 25 mg/kg de spar-
floxacinc etaient presque identiques a ceux obtenus
avec 100 mg/kg d'ofloxacine. Ces resultats, ainsi que
les donnees pharmacocinetiques et toxicologiques chez
la souris et l'hommc, suggerent que la sparfloxacine
pourrait avoir un indice therapeutique plus Cleve que
l'ofloxacine dans la lepre, et que Ia dose experimentale
standard de 200 mg de sparfloxacine administree quo-
tidiennement devrait etre appropriee pour un essai cli-
nique.
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