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in the Mouse Foot Pad System'
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Fluoroquinolones inhibit the bacterial
gyrase, a target which has never been ex-
ploited in leprosy chemotherapy. Since the
introduction of rifampin (RMP), fluoro-
quinolone was the first lead to an important
antileprosy drug in many years, and oflox-
acin (OFLO) is one of the most active com-
pounds against Mycobacterium leprae
among commercially available fluoroquin-
olones (5, 6, 7, 10 ).) Because OFLO displayed
strong bactericidal activity against M. lep-
rae in mice ( 5 ) and in patients (6, I0‘ ,) the
long-term therapeutic effect of a regimen
with 1-month duration of daily OFLO +
RMP for both paucibacillary (PB) and mul-
tibacillary (MB) leprosy is being tested in a
multicenter field trial organized by the World
Health Organization. Sparfloxacin (SPFX)
is a newer fluoroquinolone, and is now com-
mercially available in a number of coun-
tries. On a weight-to-weight basis, it has
more potent in vitro ( 2 ) and in vivo (3,4) ac-
tivity against AI. leprae than OFLO. Nev-
ertheless, to date, the manufacturer of SPFX
only recommends a dosage of no more than
200 mg per day, about half or one-fourth
the dosage of OFLO; thus, the greater ac-
tivity of SPFX is likely to be offset by its
lower clinical dosage. In fact, when the drugs
were administered in mice at dosages cor-
responding (in terms of the area under the
concentration-time curve) to their clinical
dosages, the bactericidal activity of SPFX
was very close to that of OFLO ( 9 ). The
results of a clinical trial demonstrated that
the therapeutic effect of SPFX 200 mg daily
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in lepromatous patients (') also was very
similar to that in patients treated by OFLO
400 mg daily in a separate trial ( 6 ). There-
fore, the real advantage of SPFX over OFLO
in the treatment of leprosy remains unclear.

Although OFLO or SPFX may be an im-
portant component of a newer generation
multidrug regimen(s) for leprosy, the cri-
teria for the diagnosis of OFLO- and SPFX-
resistant Al. leprae have yet to be estab-
lished by the determination of their mini-
mal effective dosage (MED) against Al. lep-
rae in the mouse foot pad system (s). Fur-
thermore, comparing the MEDs of OFLO
and SPFX may provide more precise in-
formation about comparative in vivo activ-
ities against AI. leprae between the two de-
rivatives. We have, therefore, determined
the MEDs of OFLO and SPFX against 10
isolates of M. leprae in the mouse foot pad
system by standard methods (8 ).

MATERIALS AND METHODS
Antimicrobial agents. OFLO and SPFX

were generously provided, respectively, by
Roussel Uclaf, Romainville, France, and
Rhone D.P.C. Europe, Antony, France.

M. leprae. All of the 10 Al. leprae strains
were isolated directly from multibacillary
(MB) patients of Institut Marchoux. There
were 6 males and 4 females between the age
of 27 and 59 years; 7 lepromatous (LL) and
3 borderline lepromatous (BL) leprosy; 2
were previously untreated; the other 8 had
relapsed after dapsone (DDS) monothera-
py. None of them had been exposed pre-
viously to fluoroquinolones.

Mouse foot pad inoculation. One-hun-
dred-seventy-six (176) mice were inoculat-
ed into both hind foot pads with Al. leprae
recovered from a skin biopsy obtained from
each patient. The inoculum was 5 x 10 3

organisms per foot pad.
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TABLE 1. Determination of MEDs of OFLO against 10 strains of M. leprae.

Strain
no.

No. foot pads showing multiplication
of M. leprae/no. foot pads harvested

Untreated
control

OFLO (nig/kg/dose) by gavageb OFLO (mg/kg/day) in mouse diet

6.25 12.5 25 50 MED 100 200 500 1000 MED

01 9/20 3/18 0/18 0/18 0/18 12.5 2/18 0/18 0/18 0/18 200
02 12/18 2/18 0/18 0/18 0/18 12.5 1/18 0/18 0/18 0/18 200
03 13/19 4/18 0/18 0/18 0/18 12.5 2/18 0/18 0/18 0/18 200
04 10/18 3/18 0/18 0/18 0/18 12.5 2/18 0/18 0/18 0/18 200
05 13/18 4/18 0/18 0/18 0/18 12.5 4/18 2/18 0/18 0/18 500
06 12/18 7/18 0/18 0/18 0/18 12.5 2/18 2/18 0/18 0/18 500
07 12/18 6/18 2/18 0/18 0/18 25 2/18 0/18 0/18 0/18 200
08 12/18 6/18 0/18 0/18 0/18 12.5 2/18 0/18 0/18 0/18 200
09 14/18 9/18 7/18 0/18 0/18 25 8/18 0/18 0/18 0/18 200
10 16/18 8/18 6/18 0/18 0/18 25 8/18 0/18 0/18 0/18 200

Total 123/183 52/180 15/180 0/180 0/180 25 33/180 4/180 0/180 0/180 500

Harvested 10 5 organisms per foot pad.
Administered 6 times weekly.

Drug administration. After inoculation,
the 176 mice were divided into 17 groups:
a control group of 16 mice without treat-
ment and 16 treated groups of 10 mice each.
Treatment began immediately after inocu-
lation and continued until sacrifice. As
shown in Tables 1 and 2, in each group
treatment was administered by esophageal
cannula (gavage) 6 times weekly with one
of the four suspensions of either OFLO or
SPFX, or were fed daily with one of the four
mouse diets incorporated with different
concentration of OFLO or SPFX. For ga-
vage, the drug was suspended in 0.05% agar
in distilled water at concentrations of 5, 2.5,
1.25, 0.625 and 0.313 mg/ml, which cor-
responded to 50, 25, 12.5, 6.25 and 3.13
mg/kg/dose when 0.2 ml suspension was ad-
ministered for a mouse with a body weight
about 20 g, or 0.3 ml for a mouse with a
body weight of about 30 g. The drug sus-
pensions were prepared every 2 weeks and
kept at 4°C. To prepare the drug-incorpo-
rated mouse diet, OFLO or SPFX was mixed
with the mouse diet in as uniform a manner
as possible ( 8 ) at concentrations of 0.5%,
0.25%, 0.1% and 0.05% (w/w) for OFLO
and 0.1%, 0.05%, 0.025% and 0.01% (w/w)
for SPFX. Assuming that a mouse with a
body weight of 25 g consumed 5000 mg of
diet every day, in mouse diet incorporated
with OFLO/SPFX at concentrations 0.5%,
0.25%, 0.1%, 0.05%, 0.025% and 0.01%
corresponded, respectively, to administer-

ing the drug at 1000, 500, 200, 100, 50 and
20 mg/kg/daily.

Harvests of M. leprae. Six months after
inoculation, Al. leprac were harvested by
Shepard's method ( 13 ) from individual in-
oculated foot pads of three control mice,
and repeated at intervals of 2 months until
the average number of acid-fast bacilli (AFB)
per foot pad was found to be at least 5 x
10 5 or at 12 months if the organisms were
found to have multiplied (defined as har-
vested a- 1 x 10 5 AFB/foot pad) in the con-
trol mice but fewer than the average of 5 x
10 5 AFB/foot pad. The foot pads of all sur-
viving control and treated mice also were
harvested.

Determination of MED. The MED is de-
fined as the lowest drug concentration ad-
ministered in the mice in which multipli-
cation of M. leprae has not been observed
in a single foot pad, while the multiplication
is observed in a significant proportion of
foot pads in control mice.

RESULTS
As shown in Tables 1 and 2, multiplica-

tion of M. leprac was observed in a signif-
icant proportion of untreated control mice,
indicating that the inocula (5 x 10 3 organ-
isms/foot pad) prepared from the skin bi-
opsies of all 10 patients contained sufficient
proportions of viable M. frprae.

Although the MEDs of either OFLO or
SPFX were different among the 10 strains,
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TABLE 2. Determination of illEDs of SPFX against 10 strains of M. leprae.

Strain
no.

No. foot pads showing multiplication
of It. lepracA/no. foot pads harvested

Untreated
control

SPFX (mg/kg/dose) by gavage" SPFX (mg/kg/day) in mouse diet

3.13 6.25 12.5 25 MED 20 50 100 200 MED

01 9/20 2/18 0/18 0/18 0/18 6.25 2/18 0/18 0/18 0/18 50
02 12/18 1/18 0/18 0/18 0/18 6.25 1/18 0/18 0/18 0/18 50
03 13/19 2/18 0/18 0/18 0/18 6.25 1/18 0/18 0/18 0/18 50
04 10/18 2/18 0/18 0/18 0/18 6.25 1/18 0/18 0/18 0/18 50
05 13/18 3/18 0/18 0/18 0/18 6.25 2/18 2/18 0/18 0/18 100
06 12/18 4/18 0/18 0/18 0/18 6.25 4/18 3/18 0/18 0/18 100
07 12/18 2/18 0/18 0/18 0/18 6.25 2/18 0/18 0/18 0/18 50
08 12/18 2/18 0/18 0/18 0/18 6.25 2/18 0/18 0/18 0/18 50
09 14/18 3/18 0/18 0/18 0/18 6.25 4/18 0/18 0/18 0/18 50
10 16/18 3/18 0/18 0/18 0/18 6.25 3/18 0/18 0/18 0/18 50

Total 123/183 24/180 0/180 0/180 0/180 6.25 22/180 5/180 0/180 0/180 100

Harvested ^ 10s organisms per foot pad.
" Administered 6 times weekly.

the differences were rather small, no more
than one dilution of log,. Taking into ac-
count the results of all 10 strains, one may
conclude that the MED of OFLO is 25 mg/
kg 6 times weekly by gavage or 500 mg/kg/
daily (0.25% w/w) by incorporation into the
mouse diet (Table 1). The MED of SPFX
is 6.25 mg/kg 6 times weekly by gavage or
100 mg/kg/daily (0.05% w/w) by incorpo-
ration into the mouse diet (Table 2).

DISCUSSION
With respect to the MEDs of OFLO or

SPFX administered by gavage, the pub-
lished data suggest that the MED of OFLO
may be X50 mg/kg daily ( 5 ), and that of
SPFX probably between 5 and 10 mg/kg
daily (4). However, these results were ob-
tained from experiments with a single strain
of Al. leprae (4 . 5 ). To date, the MEDs of
OFLO or SPFX measured by incorporating
the drug into the mouse diet are not avail-
able. We only know that OFLO in a con-
centration of 0.05% in the mouse diet, which
corresponded to 100 mg/kg/daily, could not
inhibit the multiplication of M. leprae in
mice (Grosset, unpublished data). In addi-
tion, the MED of any antileprosy drug de-
termined by the two methods of drug ad-
ministration had never been compared in
the same experiment.

The results of the current experiment
demonstrate that when the drugs were given
by gavage 6 times weekly, the MEDs, or the
criteria for the diagnosis of resistant M. lop-

rae, of OFLO and SPFX were, respectively,
25 mg/kg and 6.25 mg/kg; these figures are
in agreement with the previously estimated
values (4 5 ). However, the MEDs were very
significantly higher when the drugs were in-
corporated into the daily mouse diet: 500
mg/kg/daily for OFLO and 100 mg/kg/daily
for SPFX. In either way of drug adminis-
tration, the anti-AL leprae activity, in terms
of the MED, of SPFX was 4-5 times greater
than that of OFLO.

The fact that the MEDs of OFLO/SPFX
by gavage were 20 times lower than those
measured by incorporating the drug into the
mouse diet were not totally unexpected, be-
cause it has been demonstrated that when
OFLO was administered in the mouse diet
at a dosage of 800 mg/kg/day, the serum
concentrations were maintained at more or
less the same level but significantly lower
than the peak concentration in mice ad-
ministered 50 mg/kg of OFLO by gavage
(14) .

SUMMARY
The minimal effective dosages (MEDs) of

ofloxacin (OFLO) and sparlioxacin (SPFX)
against 10 isolates of11/ycobacterium leprae
were measured in the mouse foot pad sys-
tem. The drugs were administered either by
gavage or by incorporation into the mouse
diet in a range of concentrations. The results
demonstrated that the MEDs of OFLO were
4 to 5 times higher than those of SPFX, thus
confirming that, on a weight-to-weight ba-



64, 2^Traorc, et al.: MEDs of 011oxacin and Sparfloxacin^145

sis, the anti-M. leprac activity of SPFX was
significantly greater than that of OFLO. The
MEDs of OFLO/SPFX measured by gavage
were 20 times lower than those measured
by incorporating the drug into the mouse
diet.

RESUMEN
Se midieron las dosis minimal efectivas (DME) de

la ofloxacina (OFLO) y Ia esparlioxacina (SPFX) contra
I 0 aislados de Mycobacterium leprae en el sistema de
la almohadilla plantar del ratOn. las drogas se admi-
nistraron por sonda gastrica o incorporadas en la dicta
a diferentes conccntraciones. Los resultados demos-
traron que las DMEs de la OFLO fueron de 4 a 5 veces
mayores que las de la SPFX con firmando asi, que sobre
la base de peso a peso, la actividad anti-M. leprae
la SPFX fue significativamente mayor que la de la
OFLO. Las DMEs de la OFLO y la SOFX adminis-
tradas por sonda fueron 20 veces menores que cuando
las drogas se incorporaron en Ia dicta del ratOn.

RESUME
Les doses elfectives minimales (DEM) d'ofloxacine

(OFLO) et de sparfloxacine (SPFX) vis-a-vis de 10
isolats de Mycobacterium leprae ont etc mesurees dans
le systeme du coussinet plantaire de Ia souris. Les me-
dicaments ont etc administres, soil par gavage, soil par
incorporation dans le regime alimentaire, a diverses
concentrations. Les resultats ont demontre que les DEM
d'OFLO êtaient 4 a 5 fois plus &levees que celles de
SPFX, confirmant done que, a poids egal, l'activite
anti-M. leprae de SPFX etait significativement plus
grande que celle de l'OFLO. Les DEM d'OFLO/SPFX
mesurees par gavage etaient 20 fois plus basses que
celles mesurees en incorporant le medicament dans le
regime alimentaire.
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