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Estimation of the morphological index 
(M.I.) of viability of Mycobacterium leprae 
in stained smears from infected skin sites is 
one of the criteria used for the rapid evalua- 
tion of the efficacy of leprosy chemother- 
apy, particularly during the early stages of 
treatment (1). It has been found that in a 
smear stained by the Ziehl-Neelsen (ZN) 
method, a leprosy bacillus that is uniformly 
and deeply stained along its full length 
(“solid” appearance) may be assumed to 
have been viable, and that on the contrary, 
one with a defect of staining (“nonsolid”) is 
nonviable (2). The overall viability of a ba- 
cillary suspension is thus assessed by deter- 
mining the proportion (%) of solid bacilli 
present. This constitutes the solid ratio 
(S.R.) for the smear. The M.I. is the per- 
centage viability of bacilli derived as the 
mean of S.R.’s in smears from a number of 
sites in the skin of a leprosy patient. In view 
of these clinical implications, it is important 
to investigate the effect of potential anti- 
leprous compounds on the S.R. of M .  leprae 
in experimental animals. 

Rifampin (RMP) is rapidly bactericidal 
against M .  leprae, both in man and in the 
mouse footpad infection (3-5). Several clin- 
ical trials of the efficacy of RMP treatment 
in lepromatous leprosy have been reported 
and are still in progress (3, 6, 7). Clofazim- 
ine (B663) is inhibitory to M .  leprae growth, 
clinically and in mice (8-13) and is one of 
the second-line anti-leprous compounds in 
clinical use, particularly in cases of resist- 
ance to dapsone (DDS) (14, 15). B1912 is 
an analog of B663 which has shown sup- 
pressive activity against M .  leprae in the 
mouse footpad (16, 17). 

The present work was undertaken to de- 
termine the effects of RMP, B663 and 
B1912 on the S.R. of M .  leprae in an estab- 
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lished mouse foot-pad infection and to re- 
late these findings to previously reported 
clinical and experimental estimates of bacte- 
ricidal activity. 

Materials and methods. The strains of M .  
Zeprae used were all derived from the tissues 
of previously untreated lepromatous leprosy 
patients, and had been maintained by serial 
passage in mouse footpads. They were all 
fully sensitive to DDS, in that they would 
not grow in mice receiving 0.0001 % DDS in 
the diet. The detailed methods of mouse 
inoculation, assessment of bacillary growth 
in footpad homogenates, preparation of 
mice with an established footpad infection, 
and drug-diet preparation, have been previ- 
ously described (4, 5 ,  16). When the bacil- 
lary number had reached 5 X lo5 to 1 X lo6 
per footpad, the animals (ASH/CSI strain of 
mice) were divided into controls and groups 
treated with the following drugs: rifampin 
(RMP, Lepetit Pharmaceuticals Ltd., 
U.K.); and the riminophenazines clofazim- 
ine (B663, Geigy Pharmaceuticals Ltd., 
U.K.) and B1912 (May & Baker Ltd., 
U.K.). Drugs were administered in the diet 
either continuously (RMP, B663, and 
B1912) or in an intermittent regimen of 1 
day in each 30 days for a period of 5 months 
(B663 and Bl912). RMP was administered 
at 0.03% in the diet (equivalent to 75 mg/ 
kg/day) and B663 and B1912 at 0.01% (25 
mg/kg/day) by continuous and 0.03% by 
intermittent regimen. 

In order to determine the effect of RMP 
in the absence of host immune response, 
mice were inoculated with lo6 M. Zeprae and 
immediately immunosuppressed with anti- 
mouse-thymocyte globulin (ATG; 0.2 ml sc 
twice weekly) and 4.0 mg/kg/day hydrocor- 
tisone acetate (HC) im. A control immuno- 
logically unaltered group of mice was 
treated with saline only. Immunosuppressed 
animals were divided into a control group 
and a group treated with RMP, 0.03% in 
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the diet, from the day of inoculation. ATG 
was prepared in rabbits and its activity was 
standardized by a skin-graft technique (1 8). 

At intervals, the S.R. of M .  Zeprae was 
determined in Z.N.-stained smears of ho- 
mogenates of individual footpads from three 
mice per group. Estimations were based on 
the observation of 200 randomly selected 
bacilli from each smear; smears were ran- 
domized so that their source would be un- 
known to the observer. The S.R. was de- 
fined as the mean percentage of bacilli 
which had stained uniformly and deeply (1, 
19). 

Results. Continuous drug administration. 
In all experiments a marked exponential fall 
in the S.R. of M .  leprae in control animals 
was noted during the first 60-80 days. The 
phenomenon has been previously reported 
and attributed to host immune response 
(19). The decline in S.R. in RMP-treated 
animals, in which both drug and host immu- 
nity could operate, was considerably more 
marked and continued during the whole pe- 
riod of observation (Fig. l ) .  A solid ratio of 
less than 5% was attained after treatment 
for only 20 days and treatment for 60 days 
was sufficient to reduce the S.R. to zero (no 
solids in 200 bacilli). At  this stage, the S.R. 
in the controls was greater than 10%. The 
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FIG. 1. The effect of continuous dietary administra- 
tion of rifampin (RMP; 0.03%) on the solid ratio of M .  
leprue in an established mouse footpad infection. Val- 
ues represent the mean of three replicate determina- 
tions. 

estimated half-life ( t1 ,2 )  of solid bacilli in 
RMP-treated animals was 6-7 days (26 days 
in control). In B663- and B1912-treated 
animals (Fig. 2) the rate of fall of the S.R. 
did not differ from that in the controls dur- 
ing the first 80 days of observation. Subse- 
quently, the rate of change in S.R. was 
somewhat enhanced by drug action al- 
though a value of zero was not attained even 
after treatment for 350 days. The t1,2 of solid 
bacilli in B663- and B1912-treated mice was 
55 and 50 days, respectively (75 days in 
controls). 

Intermittent riminophenazine administra- 
tion. Intermittent administration of B663 
and B1912 (Fig. 3), as with continuous ad- 
ministration, did not significantly affect the 
rate of decline in S.R. during the first 80-100 
days. Subsequently, however, the rate was 
slightly enhanced; a value of zero was only 
just attained with B1912 during the period 
of observation. The estimated t1,2 of solid 
bacilli in B663- and B1912-treated mice was 
60 and 38 days, respectively (100 days in 
controls). 

Immunosuppressed mice. There was an 
initial 60% loss of stainable bacilli from 
mice in all three groups, followed by a lag 
period. Then from the sixty-fifth day the 
total bacillary numbers in the ATG/HC- 
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FIG. 2. The effect of continuous dietary administra- 
tion of clofazimine (B663; 0.01%) and B1912 (0.01%) 
on the solid ratio of M .  leprue in an established mouse 
footpad infection. Values represent the mean of three 
replicate determinations. 
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FIG. 3 .  The effect of intermittent dietary adminis- 
tration of clofazimine (B663; 0.03%) and B1912 
(0.03%) on the solid ratio of M. leprae in an estab- 
lished mouse footpad infection. Drugs were adminis- 
tered for a 24-h period in each 30 days. Values repre- 
sent the mean of three replicate determinations. Arrow 
( J. ) indicates a solid ratio of less than one. 

treated control group increased exponen- 
tially (mean generation time of 16 days) to a 
plateau count of 1.4 X 107/footpad 140 days 
postinoculation (Fig. 4); total bacillary 
numbers in normal mice remained essen- 
tially unaltered, and in RMP-treated mice 
there was an exponential fall. Figure 5 illus- 
trates the changes in S.R. in control, nor- 
mal, and immunosuppressed mice and in 
RMP-treated immunosuppressed mice. In 
ATG/HC-control mice there was a steady 
increase in S.R. from 18% to a maximum of 
23% 87 days after inoculation, showing that 
during the lag period of the total counts 
there was disappearance of nonsolid orga- 
nisms balanced by growth of the viable part 
of the inoculum. The fluctuating course of 
the S.R. in control immunologically compe- 
tent mice reflected the phasic character of 
the plateau stage of M .  Zeprae growth in 
mice, previously reported by Shepard and 
McRae (19). In the absence of any effect of 
host immunity in the RMP-treated group, 
the S.R. of M .  Zeprae decreased exponen- 
tially during the first 42 days of treatment 
with a t1,2 of solid bacilli of 12-13 days. 
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FIG. 4. Enhanced growth of a large inoculum (2.0 
X lo6) of M. Zeprae in footpads of mice immunosup- 
pressed from the day of inoculation. Growth inhibition 
by continuous dietary rifampin administration is also 
indicated. Immunosuppression was by the following 
regimen: anti-mouse thymocyte globulin (0.2 ml sc 
twice weekly) and hydrocortisone acetate (4.0 mg/kg/ 
day im). Values are the mean of three replicates. 
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FIG. 5. The effect of continuous dietary administra- 
tion of rifampin (RMP; 0.03%) on the solid ratio of M .  
leprae in immunosuppressed mice. The immunosup- 
pressive regimen was as in Fig. 4. Values are the mean 
of three replicates. Arrow ( J ) indicates a solid ratio of 
less than one. 
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Drug administration for 63 days was suffi- 
cient to reduce the S.R. to zero, at a time 
when the value for ATG/HC controls was 
19%. 

Discussion. Shepard and Chang (20) 
failed to detect any significant reduction by 
dapsone (DDS) of the S.R. of M .  leprae in 
an established mouse footpad infection over 
and above the decrease due to host immu- 
nity. The more rapid bactericidal action of 
RMP ( 5 ,  21) allowed the detection of an 
additional effect of this drug (Fig. 1). The 
t,,, of solid bacilli in control animals exposed 
to the action of host immunity was 26 days; 
that in RMP-treated mice was 7 days. Thus, 
with allowance for the additional effect of 
immunity in treated animals, the t,,, of solid 
bacilli exposed to RMP was a little more 
than 1 week. This may represent a minimal 
estimate of RMP action since the exposed 
bacilli were already approaching the station- 
ary growth phase. The fact that the total 
number and S.R. of M .  leprae in control 
immunosuppressed mice increased steadily 
during the first 90 days of the experiment 
indicates that the fall in S.R. in RMP- 
treated immunosuppressed mice was en- 
tirely due to drug action (Fig. 4). The half- 
life of M .  leprae exposed to RMP was in this 
case 12-13 days, a value which was double 
that for immunologically competent mice 
(6-7 days). In a previously reported study 
( 5 )  the estimated survival half-life of M .  
leprae was 0.5 day (kinetic technique) and 
0.6 day (subinoculation). Consequently, the 
estimations oft,,, values suggests that there 
is a delayed change in bacillary morphology 
(from solid to nonsolid) following loss of 
viability (mouse infectivity). Estimation of 
M.I. (mean solid ratio) is used as a basis for 
clinical assessment of drug bactericidal ac- 
tivity in leprosy. In the case of rapidly bacte- 
ricidal drugs the delayed change in bacillary 
morphology would result in an underesti- 
mate of drug efficacy which would, how- 
ever, be of minor clinical significance in 
view of the long-term nature of leprosy 
chemotherapy. 

The rate of decrease of S.R. of M .  leprae 
exposed to RMP in the present study is 
consistent with the findings in lepromatous 
leprosy patients treated with 600 mg/day of 
the drug (3); in them, the t l , ,  of the M.I. was 
5 days. This dosage produces serum levels 

of 7-16 pg/ml (22, 23), similar to those in 
mice receiving 0.03% RMP in the diet (6- 

It is known from previous studies that the 
rate of bactericidal action of B663 and 
B1912 on M .  leprae, as assessed by the 
kinetic technique involving mouse infectiv- 
ity, is considerably slower than that of RMP 
(17). This was confirmed in the present 
study. Both drugs appear to permit a lag 
phase before exerting the bactericidal ac- 
tion. In view of this, and the subsequent 
small degree of enhancement of the effect of 
host immune response, it is reasonable to 
consider B663 and B1912 as only weakly 
bactericidal. The same conclusion holds for 
DDS: Its low degree of bactericidal action 
has been previously reported on several oc- 
casions (25). The present results with B663 
correlate well with reported clinical obser- 
vations based on estimations of M.I. 
Browne (14) reported that only after contin- 
uous treatment of lepromatous leprosy pa- 
tients with B663, 300 mg/day for 150 days, 
was the M.I. reduced from 56 to 3%. A 
similar treatment period was necessary for a 
90% reduction of M.I. in another study 
(15). It is thus clear that both in clinical and 
experimental chemotherapy, the reduction 
of S.R. due to B663 is much slower than 
that due to RMP. No  clinical data are avail- 
able in the case of B1912, but experimental 
findings demonstrated a low rate of bacteri- 
cidal action, similar to that of B663 (17).  

Comparison of serum levels of rimino- 
phenazines in mice with those in man are 
unhelpful. There is a poor correlation be- 
tween drug dosage and serum levels, and 
intracellular accumulation of drug occurs. 
However, treatment of patients with B663 
300 mg/day produces serum levels of 0.6 to 
3.0 pg/ml (26) and treatment of mice with 
0.01 % dietary B663 produced a serum level 
of 2.4 pg/ml (29). 

The progressive accumulation of the rimi- 
nophenazines in tissues and their prolonged 
persistence after cessation of administration 
(27, 28, 29) has led several investigators to 
study the potential of B663 for chemopro- 
phylaxis and intermittent therapy in experi- 
mental tuberculosis and leprosy in mice (30, 
31). In this investigation, although the dose 
per kilogram per day of B663 and B1912 
administered in the intermittent regimen 

12 pg/ml) (24). 
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was greater than that when given continu- 
ously (75 mg versus 25 mg), treatment was 
for a total period of 8 days only. The total 
amount of drug administered was therefore 
one-tenth that given by continuous adminis- 
tration. The rates of bactericidal action, 
after the normal initial delay period were, 
however, very similar to those observed 
with continuous administration. Clinical ob- 
servations of the effect of intermittent B663 
therapy are conflicting (Goodwin, personal 
communication; 32) and more extensive 
trials may provide useful information of the 
usefulness of intermittent therapy with 
B663 in the treatment of leprosy. 

Conclusions. In view of the close correla- 
tion between the experimental results pre- 
sented and previously reported clinical find- 
ings with RMP and B663, it is felt that 
determination of the effect of drugs on the 
S.R. of M. leprae in the mouse footpad can 
provide a useful estimate of potential bacte- 
ricidal activity in clinical leprosy infections. 

Summary. Continuous dietary adminis- 
tration of rifampin to mice with an estab- 
lished Mycobacterium leprae footpad infec- 
tion reduced the bacillary solid ratio, with 
an estimated survival half-life of 5-6 days. 
In rifampin-treated immunosuppressed ani- 
mals the survival half-life of solid bacilli, in 
the absence of host immunity, was 12-13 
days. Clofazimine and B1912 produced a 
significant effect on solid ratio only after a 
lag period of apparently 100 days. The rate 
of action was considerably slower than that 
of rifampin. Intermittent (once monthly) 
administration of both drugs produced ef- 
fects similar to those of continuous adminis- 
tration. 
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