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Progress in the last five years ( 14 ) has largely
resulted from exploitation of mouse models
for the further evaluation of drugs and the
demonstration of both drug-resistant and per-
sisting drug-sensitive M. leprae in patients.

ANIMAL MODELS
In view of the continued failure to cultivate
leprae in vitro, the activity of antileprosy

drugs must he assessed using animal models.
The two established animal models are:

a. Normal mouse. This, the standard exper-
imental model, enables the minimal inhibitory
concentrations ( M ICs) of drugs against Al.
leprae to be determined, the nature of their
antibacterial activity to he assessed, the rate at
which viable leprosy bacilli are eliminated in
patients during treatment to be measured, and
the occurrence of drug-resistant organisms to
be detected. Whether drugs have significant
antileprosy activity is determined by ascer-
taining whether continuous administration in
the diet prevents multiplication of M. leprae
in the mouse foot pad. Administration of
drugs in graded doses allows the minimal
effective dose (MED) to be measured. Follow-
ing the growth of bacilli after administering a
drug for a limited period reveals whether or
not its activity is purely bacteriostatic (kinetic
method) ( 81 ), whereas the degree of bacterial
killing engendered by drugs displaying poten-
tial bactericidal activity can be quantified
using the proportional bactericidal test
method ("). The normal mouse can be used to
monitor the loss of viability of leprosy bacilli
in lepromatous patients early in chemother-
apy (82) ; when inocula from biopsies are no
longer infective at least 99% of the original

viable population must have been killed. The
level of drug resistance of strains of ,,11. leprae
can be determined from their ability to mul-
tiply in mice fed graded doses of drugs that are
normally inhibitory ( 78• ").

h. Thymectomized-irradiated mouse (T/R
mouse). This immunologically suppressed
mouse enables the killing of M. leprae to be
followed in treated patients to the time when
the proportion of viable bacilli has been
reduced to less than 0. ICi ) of its original value
(78) .

PHARMACOKINETICS
Measurement of serum and tissue levels of

drugs in mice fed with the MED enables their
MICs to be determined. Pharmacokinetic
studies in man indicate by how many fold the
peak serum/ tissue concentrations are likely to
exceed the M IC, the duration after a single
dose that inhibitory levels will he maintained,
and whether or not treatment will he actively
bactericidal.

CLINICAL TRIALS
Studies of the treatment of lepromatous

leprosy extending from six months to ten
years have been monitored in the mouse to
assess the rapidity with which viable bacilli are
initially killed either by single drugs or by
combinations of drugs, and whether drug-
sensitive survivors ("persisters") can be elimi-
nated by continued treatment.

DRUG RESISTANCE SURVEYS
Because of the importance of dapsone re-

sistance, investigations have been undertaken
in various parts of the world to estimate the
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prevalence of dapsone-resistant strains of .1/.
leprae among patients who have relapsed dur-
ing continuing treatment (secondary resist-
ance) (47. 61. ""' 75 ), and in those with previously ,

untreated leprosy (primary resistance) ( 62 ).

Dapsone. The exceptional sensitivity of M.
leprac to inhibition by dapsone is indicated by
its M IC of only 0.003 pg ml (46. 68 ). At con-
centrations near to its M1C, dapsone is essen-
tially bacteriostatic; but at concentrations in
excess of 100 times this value it is weakly
bactericidal ( 11 . 17.41

).) Studies in both experi
mental animals and man show that it pene-
trates readily into all tissues including nerves
(1, 54, 71, 72, 73) .

in peak concentrations that exceed the M IC
by a factor of about 500-fold and maintains
inhibitory levels for about 10 days (15. 25. 27. 65-67.

74. 75 ).

Several studies have shown that 30(..i or
more of leprosy outpatients are grossly irregu-
lar in self-administering their dapsone treat-
ment ( 15, 31, 51 ). A reliable method of main-
taining inhibitory levels of dapsone is to
treat patients with acedapsone, the repository
form of dapsone, because intramuscular injec-
tions of 225 mg of acedapsone maintain dap-
sone concentrations well in excess of the M IC
for over three months (27. 57. 74 ).

Viable dapsone-sensitive leprosy bacilli
("persisters") can be recovered from up to 50(,'i ,

of lepromatous patients after as many as ten
years of continuous dapsone monotherapy
( 90 ). Estimates of the prevalence of dapsone-
resistant strains of M. leprae among leproma-
tous patients have ranged from 3Ci to 20(,; (" , ( 47 '

61. 63. 75 ). In the worst situation new dapsone-
resistant cases were occurring at a rate of
about 3(:( per annum of those at risk ( 81 ).
Dapsone-resistance is a stable characteristic
of M. leprae ( 32 ' 87 ), and resistant strains are
clearly infectious for man since dapsone-
resistant strains of .11. leprae have been iso-
lated from previously untreated patients (".
62 ). Although dapsone is a weak carcinogen in
the male rat ( 7. 56, 64 ),) epidemiologic studies
indicate that it is probably not carcinogenic in
man ( 38 ). Furthermore, neither dapsone nor
any of its known metabolites displays muta-
genic activity in vitro ( 69 ' 70 ).

Rifampicin. The extremely powerful bacte-
ricidal activity of rifampicin against .11. leprae
has been demonstrated in the mouse by both
the kinetic (29.30.83.85 \'and proportional bacte-
ricidal test methods ( 11 ). Rifampicin is fully

active against dapsone-resistant strains ( 78 ' 79 ),

and experimental studies indicate that it pene-
trates excellently into nerves ( "5 ' 52 ). In man
it reduces the levels of dapsone in the body ( 22.

20, 71. 73 ), but this is probably without therapeu-
tic significance. In clinical treatment the bac-
tericidal activity of rifampicin is so powerful
that single doses of 1200 mg or as few as four
consecutive daily doses of 600 mg of the drug
killed over 99(7 of the viable bacilli (t 9.78.83.84).

I owever, even five years of continuous treat-
ment with rifampicin plus thiambutosine
failed to eliminate the remaining persisters (

9 ' ). Drug-sensitive persisters were also iso-
lated after combined treatment with daily
dapsone plus rifampicin ( 26 ). Patients have
relapsed with rifampicin monotherapy ( 32 ),

but no such relapses have occurred among
patients treated up to five years with rifam-
picin plus thiambutosine ( 79 ' 91 ).

Clofazimine. Because of marked tissue
accumulation, it is impossible to determine
the M IC of clofazimine against M. leprae ( 6 .

33 ). Clofazimine treatment is less effective
when doses are given at intervals of a week or
more ( 8 ). Patients with dapsone-resistant lep-
rosy have been treated for up to ten years with
daily or thrice weekly clofazimine monother-
apy without relapses occurring ( 87. 89 ), al-
though the relatively small number of pa-
tients treated in this way does not exclude
the possibility that clofazimine resistance
might eventually emerge in a pattern similar
to that originally observed with dapsone. Per-
sisters can also be isolated after many years of
continuous clofazimine treatment ( 87 ).

Ethionamide/ Prothionamide/Thiaceta-
zone/Thiambutosine. The most important
results of studies of the antileprosy activities
of these drugs in the normal mouse and inves-
tigations of their pharmacology in man ( 9.12•

34 ) are summarized in the Table. The corres-
ponding data for rifampicin and dapsone are
included for comparison. Strains of M. leprae
exhibit cross-resistance between et 'Ilona mide,
prothionamide, thiacetazone, and thiambuto-
sine ( 59. 77 ) but are not cross-resistant with
dapsone or rifampicin ( 32, 58. 76, 77 ).

Streptomycin/Sulphamethoxypyridazine.
A pilot clinical trial has shown that the anti-
leprosy activity of streptomycin is inferior to
that of dapsone ( 88 ). Experimental and phar-
macological data relevant to the antileprosy
activity of sulphamethoxypyridazine ( 12 ) are
given in the Table.

A dose of 100 mg dapsone results
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Potential new drugs. The antileprosy
activities of a series of dihydrofolate reductase
inhibitors ( 23,24 x ,) antithyroid compounds ( 44,
50)  interferon inducers ( 43 ' 45 ), chaulmoogric-
(

40 , ,) clotazimine- ( 42 ) and long-acting rifam-
picin-analogs ( 6°) have been investigated
experimentally. The rifampicin derivatives
appeared the most promising for further
investigation.

FUTURE STUDIES

In vitro models. M. leprae has been shown
to incorporate radioactive thymidine and
DOPA in a cell-free system and in human
macrophage culture ( 2-4, 36. 86). T hese[hese systems
may provide more rapid means of testing the
activity of new drugs and identifying drug-
resistant strains.

Animal models. The neonatally-thymec-
tomized rat ( 15 )) and the athymic "nude"
mouse ( 10 37 ) may be useful for detecting M.
leprae and for studies of drug combinations
and microbial persistence. A newly-

( 13, 16s
)discovered nude rat ^may also be useful

for these studies. The armadillo is currently

the only source of the large numbers of bacilli
required for enzymatic studies of drug action
and represents the only model in which the
development of drug resistance can be stud-
ied. The pharmacokinetics of dapsone,
rifampicin and prothionamide have been stud-
ied in the armadillo ( 55 ), but more develop-
mental work will be required before the
armadillo can be evaluated as a model for
long-term chemotherapeutic studies.

Drug development. Employing new
methods for drug screening, computer-
assisted technics for studies of quantitative
structure-action relations and new analytical
methods for studies of enzyme activity, it may
be possible to develop new drugs specifically
active against M. leprae. Employing two
experimental models of ENL, it may now be
possible to develop an active thalidomide
derivative that is nonteratogenic (28. s3

Clinical and field studies. Surveys of the
point-prevalence of secondary and primary
dapsone resistance must be conducted in var-
ious parts of the world. Surveillance programs
should he initiated immediately for rifampicin

TABLE I. ilfiniinal inhibitory concentration against M. leprae (MICs),
peak serum concentrations, durations of coverage and

bactericidal activities of antileprosy drugs.

Drug
NIIC

(AL; ml)
Dosage

(mg)

Ratio
peak serum"

MIC

Duration for
which serum

cones. exceed h
MIC (days)

Bactericidal
activity`

Rifampicin 0.3 600 30 1 +++

Dapsone 0.003 100 500 10

Acedapsone 0.003 d 225 15 200

Ethionamide 0.05 500 60 1 ++

Prothionamide 0.05 500 60 1 ++

Thiacetatone 0.2 150 8 2
Sulpharnethoxypyri-

daiine e 30 1,000 3 3

Thiambutosine i 0.5 1,500 1 < I

"Ratio of peak serum concentration in man after a single dose to MIC determined in the mouse.
htierum concentrations in man after a single dose.
c Purely hacteriostatic^); relative degrees of bactericidal activity (+, ++, +++).

d Acedapsone is inactive against M. frprae but is converted to dapsone -- the figures for MIC and peak serum
concentration refer to the values for dapsone.

eCross - resistant with dapsone.
Nlanufacture discontinued.
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resistance, in view of the increasing use of
rifampicin, which is often irregular and
unsupervised. The efficacy of rifampicin
administered intermittently and of ethiona-
mide, prothionamide and thiacetazone must
be established in short-term trials monitored
by inoculation of normal mice. Combined
regimens of drugs in dosage schedules already
shown to be effective in short-term monother-
apy trials must he tested among patients with
lepromatous leprosy in formal clinical trials
monitored by inoculation of immunosup-
pressed rodents. Finally, those combined regi-
mens that appear most promising in formal
clinical trials must be tested in the field to
determine their acceptability to patients, the
ease of their application to leprosy control
programs and, most importantly, their ability
to interrupt the transmission of M. leprae.

IMPLICATIONS FOR
PRESENT TREATMENT

The widespread emergence of dapsone re-
sistance has emphasized the necessity of using
combinations of at least two antileprosy drugs
for the treatment of lepromatous leprosy. The
experimentally determined antileprosy activ-
ity and pharmacological characteristics of the
available drugs are shown in the Table. For
previously untreated patients, dapsone
administered at a dosage of 50-100 mg daily
must remain the primary drug, and the main-
tenance of inhibitory levels of dapsone could
be guaranteed by the administration of ace-
dapsone in addition to daily doses of dapsone.
Of the drugs available for use in combination
with dapsone, rifampicin with its rapid bacte-
ricidal activity is the first choice. Clofazimine
is less costly than rifampicin, and its antilep-
rosy activity is of the same order as that of
dapsone. Thiacetazone might be a suitable
drug for inclusion in drug combinations ( 12 ),
although the experimental data suggest that
one of the thioamides, ethionamide or prothi-
onamide, would he more effective ( 9 ). How-
ever, the antileprosy activity of the thioamides
in patients has yet to he fully evaluated. The
cross-resistance demonstrated between the
thioamides and thiacetazone ( 59 ) indicates
that only one drug from this group should be
used in combination with other antileprosy
drugs.

The role of combinations of drugs for elimi-
nating or decreasing the number of persisting
bacilli has yet to be determined. The current

"THELEP" trials should establish the best
possible combinations.
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