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Since the early 1940s, monotherapy with
dapsone has been the treatment of choice
for multibacillary leprosy. However, the ob-
servation of increasing incidence of primary
and secondary resistance to this drug ( 20) has
urged many leprologists to search for new
antileprosy drugs and drug combinations.
To this end, Freeksen, et al. have, in a field
trial in Malta ( 5), successfully demonstrated
the therapeutic power of a multidrug ther-
apy (MDT) containing isoniazid (INH),
prothionamide (PTH), dapsone (DDS) and
rifampin (RMP) known as Isoprodian ® -
RMP. In 1981, the World Health Organi-
zation (WHO) recommended a multidrug
regimen consisting of DDS, RMP, and clo-
fazimine (CLF), according to a proposal by
the WHO Study Group (29).

From the drugs DDS, RMP, INH, PTH,
ETH, and CLF which were, or still are, used
in multidrug antileprosy regimens, only
RMP has a strong bactericidal activity (6 ).

Furthermore, for all these drugs resis-
tance—when applied as a monotherapy —
and/or side effects are known ( 12). There-
fore, new drugs have to be developed and
tested under in vivo conditions ( 30).

The new synthetic nalidixic acid deriva-
tive, ofloxacin, was shown to be active in
vitro against both gram-negative and gram-
positive bacteria in general ( 25) and against
a broad spectrum of mycobacterial species
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(20 . Several authors have proven a strong
killing activity of ofloxacin against Myco-
bacteria leprae in mouse foot pad experi-
ments (7, 19, 21 ).) Its potency to combat my-
cobacterial infections in man has been
shown in the case of tuberculosis ( 27 ), and
very recently also for leprosy by Grosset, et
al. (8 ). In the latter study, from mouse foot
pad experiments with normal and nude
mice, a reduction of viability of the M. lep-
rae organisms by about 99.9% after 22 sin-
gle doses of ofloxacin was observed in vir-
tually all patients.

In this paper we present the results of a
clinical trial with ofloxacin monotherapy on
17 multibacillary leprosy patients. The ther-
apeutic effectiveness was monitored during
the first 3 months of treatment by clinical
controls [bacterial index (BI), morphologi-
cal index (MI), and visual inspection], by
the collection of skin biopsies, isolation of
M. leprae from these, and determination of
the degree of impairment by two indepen-
dent methods: a) the mass spectrometric
analysis of a limited number of individual
bacterial organisms to determine the dis-
tribution of the intrabacterial sodium-to-
potassium ratios (Na+,K+-ratios) and to reg-
ister the fragment ion peaks originating from
the organic cell matrix for mass fingerprint
analysis, and b) the determination with a
bioluminescence assay of the intrabacterial
ATP content obtained as an average value
from 10 6 organisms.

The measurement of these parameters is
based on general metabolic processes. Liv-
ing bacterial organisms actively maintain
lower intracellular concentrations of Na - -
ions and higher concentrations of 1( 4- -ions
than are found in the extracellular fluid.
Dead or impaired organisms are unable to
maintain these concentration gradients.
Therefore, the intrabacterial Na+,K+-ratio
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is lowest for unimpaired bacteria and in-
creases with the degree of impairment (the
upper limit of this ratio is given by the ex-
trabacterial ratio). In previous studies ( 16 . 23 )

we have shown that the Na+,K+-ratio is a
sensitive indicator of the organisms' phys-
iological state (viability), and that changes
in this value correlate well with those ob-
served with established microbiological
techniques. The mass fingerprints have pre-
viously not only been proven to be species-
specific ( 17) but also to reflect the degree of
drug-induced impairment ( 9). The ATP
content is highest in viable, unimpaired or-
ganisms and decreases with the degree of
impairment (2). Both methods—the mass
spectrometric analysis of individual cells and
the ATP assay—have been successfully ap-
plied to monitor the in vivo efficacy of DDS
in leprosy patients in an earlier stud y (2 4).

In that trial also, a qualitative correlation
between the results of these two parameters
and those obtained from the mouse foot pad
has been established. In two cases in which
the alternative techniques gave evidence for
DDS-resistance, this suspicion was con-
firmed later on by the mouse foot pad test.

MATERIALS AND METHODS
Patients and treatment. The study cov-

ered 17 multibacillary leprosy patients with
a high bacterial index (BI > 3) who previ-
ously had not received any antileprosy
treatment, including 10 females and 7 males
aged between 14 and 75 (mean: 39) years.
All of the patients were treated as inpatients
with the supervised administration of 200
mg ofloxacin twice daily for 3 months, ex-
cept patients nos. 2 and 13 who received
only 200 mg once per day because of their
age (14 years) and low body weight. Before
treatment was started, patients had to un-
dergo a general clinical check-up and base-
line laboratory investigation (HCT, WBC,
ESR, Diff. count, SGOT, SGPT, alkaline
phosphatase, stool and urine examina-
tions). During treatment the patients were
seen by the same physician daily. Clinical
photographs were taken and skin biopsies
were collected in duplicate for each patient
before and after 1 and 3 months of treat-
ment, respectively. Parallel to biopsy sam-
pling, skin smears from six sites per patient
were taken to determine the bacterial and

morphological index according to WHO
guidelines ( 31 ).

For the patients' benefit and for ethical
reasons treatment was continued after 3
months of ofloxacin by daily doses of 600
mg rifampin, 100 mg dapsone, and 100 mg
clofazimine for 3 weeks. During this period,
the patients were clinically controlled and
then discharged to leprosy control clinics.

Biopsy sampling and shipment. Biopsies
were obtained in duplicate from active le-
sions with a weight of typically 50-100 mg
and immediately transferred to a freezer
(-80°C). Biopsies were then shipped by air
on dry ice in styrofoam containers, arrived
within 48 hr in frozen condition, and were
stored at —80°C until preparation.

Isolation of M. leprae and preparation for
single cell mass analysis. The isolation
procedures of Al. leprae from tissue fol-
lowed a modification of the protocol of
Dhople and Storrs (4). Briefly, it includes
the following steps: Removal of epidermis;
homogenization in phosphate buffered sa-
line (PBS) (0.05 M); removal of intact tissue
via centrifugation (200 x g x 10 min, 4°C);
decontamination of Al. leprae from remain-
ing tissue by treatment with proteolytic en-
zymes (900 U collagenase, 225 U chymo-
trypsin, 83 U trypsin for 30 min at 20°C in
PBS); washing in PBS; decontamination
from other bacterial genera with N-acetyl-
L-cysteine/NaOH-mixture (final NaOH
concentration 1%, 20 min, 20°C) according
to Kubica, et al. ( 14); removal of extrabac-
terial sodium and potassium by two wash-
ing and centrifugation steps (3000 x g x 20
min, 4°C) in distilled water; the preparation
for mass spectrometry was done by trans-
ferring one drop of the concentrated bac-
terial suspension to a Formvar-coated cop-
per mesh and draining off excess fluid with
tissue paper to achieve a widespread distri-
bution of bacteria, which allowed the evap-
oration of one single cell with each laser shot
in the laser microprobe mass analyzer.

Isolation and preparation procedure for
ATP assay. In principle, the same mothod
as described above was used with the fol-
lowing modifications: Bacteria were decon-
taminated only with NaOH (final concen-
tration 2%, 30 min, at 37°C) followed by
neutralization with 1 N HC1 before enzyme
treatment. The bacteria were then exposed
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to Triton X-100 (final concentration 0.1%)
for 10 min at room temperature. Nonbac-
terial ATP was removed by ATPase diges-
tion (final concentration 0.17%, containing
5 mM CaC1,) for 10 min at room temper-
ature ( 4).

ATP assay. From the purified bacterial
suspension in 50 mM Tris buffer, pH 7.7,
ATP was extracted, by the method of Dho-
pie and Hanks (3), using chloroform and
heat. The final extract was suspended in Tris
buffer solution, and 0.1 ml of the extract
was injected into 0.1 ml of a luciferin-lu-
ciferase system (DuPont Company, Wil-
mington, Delaware, U.S.A.) supplemented
with pure luciferin (Sigma Chemical Com-
pany, St. Louis, Missouri, U.S.A.). The peak
height of the reaction was measured on a
Chem-Glow Photometer (American Instru-
ment Company, Silver Spring, Maryland,
U.S.A.) and referred to the absolute number
of M. leprae organisms determined by the
pinhead method of Hanks, et al. ( 10) to cal-
culate the ATP content in pg/10 6 bacteria.

Single cell mass analysis. The mass spec-
trometric instrumentation, the laser micro-
probe mass analyzer (LAMMA 500 11'; Ley-
bold AG, Köln, Germany) has been
described in detail elsewhere ("). Briefly, in
the LAMMA instrument a high-energy, ul-
traviolet laser pulse is focused through the
objective of a light microscope onto the
sample to be analyzed and, in our experi-
ment, evaporates one bacterial organism at
one shot. The positive atomic and molec-
ular (fragment) ions produced are registered
by means of a time-of-flight mass spectrom-
eter. The detection limits of the instrument
for sodium and potassium are lower than
10 - ' 8 g out of an analyzed volume of about
1 pm' (= 10 - ' 2 g).

The intracellular Na+,K+-ratios were de-
termined from the intensities of the 23Na+-
and 391(+-ion peaks, respectively, from 200
single cell measurements in the average from
each preparation. (The measured Na÷,K - -
ratios are only relative figures due to the
different detection sensitivities for the two
cations.) From the thus acquired 200 indi-
vidual ratios, distributions within the pop-
ulations were established. Due to the skew-
ness of these distributions, instead of the
average values the medians (50% values)
were calculated.

Mass fingerprint analysis was used to clas-
sify, with so-called discriminant analysis,
unknown samples as either unimpaired or
impaired. The mathematical criterion ac-
cording to which this classification can be
achieved (discriminant function) is calcu-
lated from the two known classes "unim-
paired" and "impaired" which are made up
by the untreated populations and those
samples treated for 3 months and showing
high drug response in both the cation ratio
and the ATP content, respectively. Here,
the calculation of the discriminant function
was based on the analysis of 120 single cell
spectra—registered in the mass range m/z
60 to 200 and normalized to total ion in-
tensity— from each sample of the two class-
es ( 18).

RESULTS
The results for the influence of ofloxacin

on the various measuring parameters (BI,
MI, ATP content, and Na 1 ,1( 1 -ratios) are
summarized in The Table and grouped ac-
cording to the duration of treatment. A large
number of biopsies from one shipment did
not render evaluable samples for single cell
mass analysis, due to insufficient activity of
the enzyme mixture in the decontamination
step by M. leprae from tissue. Therefore,
these preparations had to be repeated and,
consequently, no material was left for ATP
determination. These cases are shown as ND
(not determined). In those cases which are
shown as NA (not analyzable), the number
of well-separated M. leprae organisms on
the Cu-meshes was not sufficient. Cases in
which neither the ATP content nor the
Na+,K 1 -ratio was evaluated are not includ-
ed in The Table. The five cases marked with
an asterisk did not show any response to a
3-month treatment with ofloxacin in either
of the two parameters, ATP content or cat-
ion ratio, or in both, and are hereafter termed
"suspected" and "definite nonresponder"
cases, respectively.

The data for the ATP contents and the
Nal ,K 1 -ratios in dependence on the dura-
tion of treatment are also presented graph-
ically in Figure 1 which includes the values
of the individual patients and the averages
over all responder cases. The results show
that the ATP content decreases and the val-
ues of the medians of the intrabacterial
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THE TABLE. Effects of treatment with of-
loxacin 200 mg twice daily (patients nos. 2
and 13 only once daily) on the bacterial in-
dex (BI), morphological index (MI), intra-
bacterial A TP content, and Net' ,K' -ratio at
0, 1, and 3 months, respectively.

Treat-
ment
dura-
lion

(mo.)

Patient
no. BI MI

(%)

ATP
content
(pg/106

bact.)

Na',K*
-ratio

(median)

0 1 5.8 7.0 15.6 0.3
2 4.8 0.0 15.2 0.8
3 5.3 6.0 15.6 NA'
4 5.2 6.0 15.9 0.5
5 4.7 2.7 12.9 0.3
6 4.5 0.7 17.1 0.3
7 4.8 0.8 NDb 0.5
8 4.7 1.3 16.9 0.7
9 4.0 1.7 17.4 0.7

10 4.7 2.8 13.7 NA'
I^I 3.7 2.5 ND" 0.7
12 3.0 0.3 ND' 0.3
13 4.5 3.8 14.5 0.7
15 4.2 0.5 17.7 0.6
16 5.1 5.6 16.4 0.1
17 5.0 0.0 17.9 0.5

1 1 5.1 0.0 12.3 0.8
2 4.0 0.0 ND'' 0.7
3 5.8 3.5 NDb 0.5
7 4.2 0.0 11.2 1.0
8 4.3 0.0 14.1 0.4
9 4.3 0.3 11.7 0.5

10 4.7 0.0 10.2 1.3
12 3.0 0.0 12.8 0.3
13 4.5 0.0 13.5 NA'
14 4.8 0.0 ND" 0.5
15 4.8 0.0 10.8 0.5
16 ND ND 15.3 0.3
17 5.3 0.0 13.6 0.5

3 1 5.0 0.0 3.7 1.0
2 6.0 0.0 ND" 1.5
4 4.5 0.0 4.3 NA'
5 4.0 0.0 6.4 1.1
6 4.7 0.0 15.7' 0.3'
7 3.5 0.0 5.8 NA'
8 5.1 0.0 8.4 NA'
9 4.6 0.0 4.5 1.5

10 4.3 0.0 4.7 0.8
I^1 3.3 0.0 10.1 0.2c
12 3.1 0.0 8.5 0.3'
14 5.3 0.0 ND'' 2.4
16 4.0 0.0 17.1' 0.4'
17 5.0 0.0 8.8 0.2'

a NA = Not analyzable.
" ND = Not determined.

Nonresponder.

FIG. 1. Scatter plot of the ATP content (L) and
medians of the intrabacterial Na ,K ` ratios (0) for M.
leprae populations isolated from patients treated for 0,
1, and 3 months, respectively, with 200 mg twice daily
of olloxacin. Each point represents one patient. Encir-
cled values = nonresponder cases; mean values for each
measuring parameter at each time for the responder
cases are interconnected.

Na+,K+-ratios increases significantly statis-
tically during the observation period of 3
months, indicating ofloxacin-induced im-
pairment of the bacterial organisms. How-
ever, while the change in the ATP content
is already significant after I month of treat-
ment, the shift of the medians of the Na÷,K - -
ratios is not significant at that time.

In addition to the medians of the cation
ratios, the single cell mass analysis renders
information on the variation of the ratio
(physiological state) within the bacterial
populations. In Figure 2 the distribution of
the Na+,K+-ratios within the various bac-
terial populations (untreated and treated for
1 or 3 months, respectively) averaged over
all samples belonging to the same group (thus
representing more than 1000 single organ-
isms each) are plotted. Figure 2 shows, as
was already obvious from Figure 1, that the
medians of the distributions are shifted to
higher values with increasing duration of
treatment and that the distributions are
broadened. This broadening already starts
after 1 month of ofloxacin treatment. Clear-
ly, the distribution obtained from Al. leprae
organisms isolated from the five nonre-
sponder cases (according to the results from
the cation ratios) after 3 months of treat-
ment resembles that of the untreated pa-
tients with respect to its shape and position
of the maximum.
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FIG. 2. Frequency distributions of the intrabacteri-
al Na',I(' ratios for all responder cases averaged over
the respective periods of treatment (0, I, and 3 months)
and over the nonresponder cases after 3 months of
treatment, respectively.

To further prove the nonresponse of the
bacteria isolated from these cases to the
treatment, the influence of the drug on their
organic matrix was also investigated in a
two-group discriminant analysis of the fin-
gerprint spectra (Fig. 3). For this, the fin-
gerprint spectra from three untreated pa-
tients and from three responder cases
(according to high intrabacterial Na',1(' -ra-
tios and low ATP contents) after 3 months
of treatment, respectively, were used to es-
tablish the discriminant function for the
classification of the suspected nonresponder
cases. Positive discriminant scores corre-
spond to impaired samples and negative
scores to unimpaired samples. The aver-
aged fingerprint spectra obtained from the
bacteria isolated from the five "definite" or
"suspected" cases have exclusively negative
discriminant scores and thus are classified
as unimpaired. Furthermore, as can be taken
from the values for the respective ATP con-
tents and the Na+,K+-ratios included in Fig-
ure 3, the three suspected nonresponder
cases showed a rather low response in the
ATP values as compared to the responder
cases.

The clinical response to ofloxacin treat-
ment is demonstrated by the photographs
in Figure 4, showing in each case the patient
before and after 3 months of treatment. Fig-
ure 4 a and b shows a clinically responding
case for whom the measuring parameters
showed significant changes. Figure 4 c and
d is a clinically nonresponding case for
whom no changes in the ATP and cation
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FIG. 3. Two-group discriminant analysis of the mass
fingerprint spectra of M. leprae populations isolated
from 3 responder cases after 0 and 3 months of treat-
ment, respectively, and of 2 definite and 3 suspected
nonresponder cases. Each bar represents the average
over 120 single cell spectra. Below = corresponding
values of the intrabacterial ATP contents and Na+,1('
ratios.

values could be observed. It must be point-
ed out, however, that not in all cases was
such a clear-cut correlation between the
clinical response and the measuring param-
eters possible.

A particular problem to be solved in con-
nection with the application of the cation
measurements to therapy control is the de-
termination of the percentage of viable or-
ganisms in a human skin biopsy. This value
cannot directly be derived from the mea-
surements described above, because they al-
low only statements on changes in the phys-
iological state relative to the untreated
control. The quantification of the percent-
age of viable organisms requires the deter-
mination of the intrabacterial Na+,K+-ratio
up to which M. leprae are viable (limiting
value). Briefly, we approached this problem
in the following way: We correlated, for the
same experiment, the relative cumulative
distributions of the Na+,K±-ratios with the
percentage of viable organisms determined
as colony forming units (cfu) per total cell
number in 49 independent experiments with
various cultivable bacterial species and gen-
era treated with differently acting drugs, re-
sulting in a limiting value of 0.43 ± 0.03
(mean ± SEM). Under the assumption that
this limiting value is valid also for Al. lep-
rae, the percentage of viable organisms in
treated and untreated biopsies can be de-

• control
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FIG. 4. Photographs of a responder case and a nonresponder case before (a and c) and after (b and d) 3
months of ofloxacin treatment. respectively.
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FIG. 5. Relative cumulative distributions of the in-
trabacterial Na ',K' ratios for all responder cases av-
eraged over the respective periods of treatment (0, 1,
and 3 months) and over the nonresponder cases after
3 months of treatment, respectively. Vertical dashed
line = upper limit of the Na',K' ratio up to which the
organisms arc viable (0.43); horizontal dashed lines =
readings of the respective percentages of viable organ-
isms.

termined. For this, the relative cumulative
distributions of the Na f,K +-ratio were eval-
uated for the responder cases at 0, 1, and 3
months of treatment, respectively (Fig. 5).
For the limiting value of 0.43, the following
percentages of viable organisms were ob-
tained: 58% for the untreated biopsies, 48%
after 1 month and 16% after 3 months of
treatment, respectively. From these figures
it follows that 17% of the organisms viable
at time 0 were killed during the first month
of treatment and 72% during a 3-month pe-
riod of treatment, respectively.

DISCUSSION
In this study we have applied the mass

spectrometric measurement of the intra-
bacterial Na+,1('-ratios and of the mass fin-
gerprint spectra of limited numbers of in-
dividual Al. leprae organisms and a
bioluminescence assay for determining the
average ATP content from at least 106 bac-
teria to monitor the in vivo antilepi-osy ef-
fectiveness of ofloxacin. Our study included
17 multibacillary leprosy patients who were
treated for 3 months with 200 mg ofloxacin
twice daily. The bacterial samples isolated
from two patients did not show changes in
the mass spectrometrically determined in-
trabacterial cation ratios or in the ATP con-
tent and, therefore, were classified as non-
responder cases (The Table, Fig. 1). In three

additional cases the isolated Al. leprae or-
ganisms did not show a drug-induced in-
crease of the Na+,K+-ratios but did show a
decrease of intrabacterial ATP which was,
however, less pronounced than in typical
responder cases (Fig. 3). Therefore, these
cases were suspected to be nonresponders.

The evaluation of the mass fingerprint
spectra of these three suspected nonre-
sponder cases in a two-group discriminant
analysis classified them—as it classified the
two definite nonresponder cases—as un-
impaired (Fig. 3). The clinical photographs
give further evidence supporting this clas-
sification. Thus, the skin lesions of a patient
(Fig. 4a) clearly defined as a responder case
resolved nearly completely (Fig. 4b); where-
as in the case of a suspected nonresponse
(Fig. 4c), the fading was rather marginal (Fig.
4d). It should be considered, however, that
the fading of skin lesions is only vague ev-
idence for drug effectiveness, particularly
within an observation period of only 3
months, and that not in all cases, including
the responders, was such an apparent cor-
relation possible.

Also, the bacterial index (BI) and the
morphological index (MI) provide no fur-
ther helpful information. As expected, the
BI remained, on the average, nearly un-
changed during the observation period. The
MI already had declined drastically during
the first month of treatment. However, MIs
of 0 were also determined before the begin-
ning of treatment and for the nonresponder
cases after 3 months of treatment (The Ta-
ble). This is not surprising considering pub-
lished data ('' 13 ' 22) stating that non-solid
organisms are also viable. Very recently, we
provided proof for this by a direct corre-
lation between the morphology of individ-
ual organisms and their physiological state
as deduced from their intrabacterial Na±,K--
ratios (data not shown).

At present we have no conclusive expla-
nation for the discrepancy in the number of
nonresponder cases as obtained from the
cation measurements and the ATP assay,
respectively. For this, it would have been
favorable to keep the three suspected non-
responder cases under ofloxacin monother-
apy for a longer time. However, for ethical
reasons after 3 months treatment was con-
tinued with MDT for all patients.
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In the responder cases the ofloxacin treat-
ment led to a significant impairment of the
M. leprae organisms in 12 of these patients
as was deduced from the decrease of the
intrabacterial ATP content and the increase
of the Na+,K+-ratio and depended on the
duration of treatment (Figs. 1 and 2).

An estimation of the percentage of viable
M. leprae organisms in a skin biopsy on the
basis of a limiting value of the intrabacterial
cation ratio up to which the organisms are
viable (able to multiply)— determined for
cultivable mycobacteria —resulted in a mean
value for untreated M. leprae of 58%. For
the responder cases this value was reduced
after 3 months of treatment to 16%, cor-
responding to a killing rate of 72%. The
respective data after 1 month of treatment
are less favorable (48% viable, 17% killing).

The percentage of viable bacteria in un-
treated biopsies determined from the
Na+,K+-ratios is by at least 1 order of mag-
nitude higher than the values published for
the mouse foot pad test (6 ' 28 ). Thus, for ex-
ample, Grosset, et al. ( 8 ) state a mean value
of less than 1% in their ofloxacin study at
day 0 of treatment. If only 1% (3 bacteria
viable out of 300) were viable at the begin-
ning of treatment, the considerable changes
in the distributions of the intrabacterial
Na' ,K+-ratio obtained from the analysis of
only 300 organisms would not be under-
standable. A possible explanation for the
low value deduced from the mouse foot pad
test could be adaptation problems of the Al.
leprae organisms when transferred to the
foot pads, leading to an underestimation of
the percentage of viable organisms. The ob-
vious discrepancy between the two methods
will be further investigated in collaboration
with Dr. Louis Levy (Jerusalem, Israel) by
comparing the most probable number of
variables derived from mouse foot pad tests
with the cation ratios obtained from the
same bacterial populations.

A similar explanation as above for the
discrepancy in the percentage of viable or-
ganisms may also hold for that in the killing
rates: whereas Grosset, et al. found a re-
duction in the percentage of viable organ-
isms during the first 28 days of ofloxacin
treatment of 99.9%, we determined a killing
rate of only 17% within the same period.
Even after 3 months of treatment only 72%

of the bacteria viable at day 0 were killed.
For us, the lower killing rate seems rather
reasonable considering the low metabolic
activity and the long generation time of M.
leprae during exponential growth in the
mouse ( 15). In particular, for a drug acting
as an inhibitor of DNA replication, like of-
loxacin, this characteristic precludes a fast
kinetic rate of impairment.

The mode of action of ofloxacin can also
explain the occurrence of nonresponder
cases, assuming that in these cases the bac-
terial organisms do not proliferate during
drug exposure. Also, Tsukamura and co-
workers have, in their clinical trial with tu-
berculosis patients, stated the occurrence of
a significant number of resistant cases ( 26)
which would be included in our study under
the term "nonresponder." The occurrence
of a secondary resistance in a significant
number of patients after only 3 months of
treatment seems rather unlikely.

Further clinical trials seem to be neces-
sary with ofloxacin to assess the optimal
daily dose, the duration of treatment, and
the combined action and possible side ef-
fects in a MDT regimen. Also, the influence
of ofloxacin treatment on the occurrence of
type 1 and type 2 reactions has to be studied.

SUMMARY
In a clinical trial including 17 multiba-

cillary leprosy patients the in vivo effective-
ness of ofloxacin on Mycobacterium leprae
was tested via mass spectrometric deter-
mination of intrabacterial ratios of the con-
centrations of the sodium and potassium
ions of individual organisms and of the ATP
content per 10 6 bacteria isolated from skin
biopsies. After 3 months of treatment, the
in vivo drug effect could be determined with
at least one of the two methods in 14 cases.
Both methods revealed that in two cases the
bacteria definitely did not respond to a
3-month ofloxacin monotherapy (200 mg
twice daily). In three further cases a nonre-
sponse of the M. leprae organisms was sus-
pected from the mass spectrometric mea-
surements. In the responder cases, the M.
leprae were severely impaired. From the in-
trabacterial cation ratios the percentage of
viable organisms averaged over all untreat-
ed biopsies was determined to be 58% and
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the percentage-killing during the first 3
months of treatment was 72%.

RESUMEN
Para analizar la efectividad in vivo de la ofloxacina

sobre el Mycobacterium leprac en 17 pacientes con
lepra multibacilar, se determinaron, por medio de la
espectrometria de masas, las concentraciones intrace-
lulares relativas de los Tones sodio y potasio en orga-
nismos individuales y el contenido en ATP de 10'
bacterias aisladas de biopsias de piel. Despuês de 3
meses de tratamiento, en 14 casos se pudo determinar
el efecto in vivo de la droga por al menos uno de los
dos metodos. Ambos metodos revelaron quc en 2 casos
la bacteria definitivamente no respondiO at tratamiento
de 3 meses con la ofloxacina (200 mg dos veces al dia).
En otros 3 casos, las mediciones hicicron sospechar la
falta de respuesta del Af. leprae. En los casos quc si
respondieron, las bacterias estuvieron severamente
afectadas. Las relaciones entre los eationes intrabac-
terianos en las mucstras estudiadas indicaron que el
porcentaje promedio de organismos vivos en biopsias
de pacientes no tratados fue del 58% y que el porcentaje
del efecto bactericida durante los primeros 3 meses de
tratamiento con la droga fue del 72%.

RESUME

Au cours d'un essai clinique concernant 17 lepreux
lepromateux, l'efficacite in vivo de l'ofloxacine vis-à-
vis de Mycobacterium leprac a etc etudiee par deter-
mination par spectrometric de masse des ratios intra-
bacteriens des ions sodium et potassium des bacteries,
individuelles, et de la tencur en ATP par 10' bacteries
isolees a partir de biopsies cutanees. Aprês 3 mois dc
traitement, l'effet du medicament in vivo pouvait etre
determine par au moms une des deux methodes chez
14 patients. Les deux methodes ont montre que chez
deux patients les bacteries ne rêpondaient pas a trois
mois de monotherapie a l'ofloxacine (200 mg deux foil
par jour). Chez trois autres patients, on a suspecte une
non-reponse de M. leprac a partir des mesures de spec-
trometric de masse. Chez les patients on une reponse
existait les Af. leprac etaient severement deteriores. Le
pourcentage moyen des organismes viables obtenu
partir de toutes les biopsies en l'absence de traitement
a etc &value a 58% a partir des ratios de cations intra-
bacteriens, et le pourcentage de bacteries tuees durant
les 3 premiers mois de traitement etait de 72%.
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