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Dapsone (4,4'-diaminodiphenylsulfone), incorporated into the mouse chow in
a concentration of 0.1 g/100 g of diet, was administered for 1 week to mice in
which Mycobacterium leprae had multiplied to the level of 10° organisms/
footpad. M. leprae were harvested from these and also from control mice, diluted
serially, and inoculated into additional mice. The organisms recovered from
untreated mice multiplied in passage with a mean doubling time of 12.2 days,
and 35% or more of the inoculated organisms were viable, i.e., capable of
infecting mice. Growth curves of M. leprae recovered from dapsone-treated
animals lagged behind those of organisms from control animals by an average of
78 days, equivalent to 98.8% killing. Foot-by-foot harvests showed that only 0.2%
of the M. leprae recovered from treated mice were viable, suggesting that treat-
ment of mice with dapsone had been accompanied by killing of 99.4% of the

viable M. leprae.

Treatment of leprosy patients with dapsone
(4,4'-diaminodiphenylsulfone [DDS]) is accom-
panied by killing of Mycobacterium leprae (9,
10); however, the action of the drug on M. lep-
rae in mouse footpad infection has not been
characterized. Previous studies in this labora-
tory (2, 3) suggested that treatment of mice
with dapsone in a dosage that yielded plasma
dapsone levels at least 10 times those produced
by effective dosages in patients (5) and at least
1,000 times the minimal inhibitory concentra-
tion of dapsone for M. leprae (6) appeared to
have resulted only in prolonged bacteriostasis.
However, a recent experiment, somewhat mod-
ified in design, demonstrated unequivocally
that M. leprae were indeed Kkilled (that is, ren-
dered noninfective for mice) during dapsone
treatment of mice.

MATERIALS AND METHODS

The strain of M. leprae used in this experiment is
the standard strain used for all studies of drug ac-
tion in this laboratory. The dapsone was purchased
from K & K Laboratories, Inc., Hollywood, Calif.
Inocula were prepared, locally bred male Balb/c
mice were inoculated, and harvests of M. leprae
from footpad tissues were performed by published
methods (7, 11).

Mice had been inoculated with 10> M. leprae/
footpad, and a harvest performed 121 days later
yielded a mean value of 10%!2 organisms/footpad. At
this time, administration of dapsone incorporated in
the mouse chow in a concentration of 0.1 g/100 g was
begun to one group of mice. Seven days later har-
vests of acid-fast bacilli (AFB) were performed from

the pooled tissues of eight footpads of both treated
and untreated mice. The resulting bacterial suspen-
sions were diluted serially so as to provide inocula of
104, 103, 10%, 10, and 1 organism/footpad. Each of the
10 inocula was used to inoculate both hind feet of 15
passage mice. Harvests of M. leprae from pools of
four footpads from all but one group were performed
at intervals thereafter, and growth curves were con-
structed. When some of these growth curves were
noted to be grossly irregular, the program of inter-
val harvests was abandoned. Instead, foot-by-foot
harvests were performed from all surviving passage
mice between 361 and 364 days after passage.

RESULTS

Growth curves constructed from the results
of harvests of M. leprae from the passage mice
are shown in Fig. 1, and the time elasped from
passage to multiplication to the level of 10°
AFB/footpad for each growth curve is shown in
Table 1. Multiplication of M. leprae in the mice
inoculated with organisms recovered from un-
treated mice was quite uniform. The growth
curves, except for that representing multiplica-
tion from the smallest inoculum, appear almost
parallel, and the intervals between pairs of ad-
jacent growth curves at their intersection with
a line drawn parallel to the time axis through
log;o number of AFB/footpad = 6.0 are virtually
identical. The mean interval is 40.7 days; be-
cause each 10-fold increase in the number of
bacilli represents 3.32 doublings, the doubling
time for M. leprae recovered from untreated
mice in this experiment was 12.2 days.

Multiplication of the M. leprae recovered
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F16. 1. Log,, number of AFB per footpad as a function of the time after passage in days. The solid lines
represent growth curves of M. leprae in passages from untreated control mice; the broken lines represent
growth curves in passages from dapsone-treated mice. No organisms were found in the harvests represented
by the points with downward extending arrows; these points were calculated as if one organism had been
found in the counting procedure. Passage mice were inoculated as follows: (®) 10* organisms/footpad; (O) 10°
organisms/footpad; (A) 10* organisms/footpad; (*) 10 organisms|/footpad; (0O)) 1 organism/footpad.

from dapsone-treated mice was not so uniform.
The mean number of organisms did not reach
the level of 10%footpad in the passage mice
inoculated with 10° or 10? M. leprae/footpad; no
multiplication had occurred in the mice inocu-
lated with 10 organisms/footpad that were har-
vested 277 days after passage; and no harvests
were performed of the passage mice inoculated
with 1 organism/footpad until 1 year after inoc-
ulation. The intervals between the pairs of ad-
jacent growth curves (measured at the level of
105* AFB/footpad) are not as uniform as for the
passages of M. leprae recovered from untreated
mice.

More pertinent to this presentation are the
intervals between the pairs of growth curves
derived from passages from treated and un-
treated mice at each level of inoculum, shown
in the column of Table 1 headed “delay.” This
delay, averaging 78 days in duration, may have
resulted from a prolonged bacteriostatic effect
of dapsone. It appears more likely, however,
that the delay represents killing of M. leprae
that had occurred during dapsone treatment,
with multiplication of the survivors after pas-
sage. Assuming that the surviving organisms
multiply with a constant doubling time of 12.2
days, the 78-day delay, equivalent to 6.4 dou-
blings, indicates that 98.8%, 100 x (1 — [1/284]),

TaBLE 1. Calculations from growth curves of M.
leprae in passage mice

Time from passage
to multiplication to
No.of AFB  * 0 s\ FBifootpad ~ Delay* %
inoculated/ (days) (days) Kill-
footpad Y y ing®
Control DDS
10* 116 220 104 99.7
103 157 231¢ 74 98.5
102 198 254°¢ 56 95.8
10 238 NM¢

¢ The delay is the time in days between multipli-
cation to 10° M. leprae/footpad passaged from control
mice and multiplication to the same level of M.
leprae passaged from dapsone-treated mice.

® Percentage of killing = 100 (1 — [1/2%]), where x
= the number of doublings calculated as the number
of days delay/12.2 days per doubling.

¢ These values were determined by extrapolation.

4 NM, Not measured.

of the organisms had been killed during treat-
ment.

That killing of M. leprae rather than pro-
longed bacteriostasis is the explanation for the
delay is confirmed by the results of the foot-by-
foot harvests shown in Table 2. These demon-
strate that fewer than 25% of the footpads inoc-
ulated with 1 organism from untreated mice
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were infected. Although foot-by-foot harvests
were not performed from footpads inoculated
with larger numbers of organisms recovered
from untreated mice, the constant time interval
between pairs of adjacent growth curves repre-
senting passages from untreated mice suggests
that all of the footpads inoculated with 10 or
more organisms obtained from untreated mice
were infected. The inocula prepared from the
untreated mice may be shown by the most-
probable-number technique (12) to have con-
tained at least 35% viable organisms. Actually,
these inocula may well have contained 100%
viable M. leprae, because as many as five via-
ble organisms may be required for infection (4).
It is clear from the results shown in Table 2
that even the inoculum of 10° organisms pre-
pared from the dapsone-treated mice failed to
infect all of the footpads, and the inocula of 1
and 10 organisms failed to infect any of the
footpads harvested. Calculation by the most-
probable-number technique shows that only
about 0.2% of the organisms harvested from
dapsone-treated mice were capable of infecting
passage mice. Thus, dapsone treatment of the
mice was accompanied by the killing of 99.4% of
the viable M. leprae. This is consistent with the
calculation of 98.8% killing based on the mean
duration of the delay shown in Table 1.

DISCUSSION

The purpose of this experiment was to study
in a more direct manner than we had employed
in our previous studies (2, 3) whether killing of
M. leprae occurred during the administration
to mice of 0.1 g of dapsone per 100 g of diet for 1
week. In the first study of dapsone administra-
tion during “established infection” of M. leprae
in mice, Shepard and Chang (8) showed that
killing of the organisms had occurred, but it
was not possible to estimate the rate of killing
from their data.

We subsequently performed a similar study
designed to permit measurement of this rate
(2). Half of a group of mice in which M. leprae
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TaBLE 2. Results of foot-by-foot harvests
Proportion showing multiplication®

No. of AFB inocu-

lated/footpad Control DDS
10* ND? ND
10° ND 3/4
102 ND 5/18
10 ND 0/24
1 3/16 0/30

¢ Number of footpads showing multiplication of
M. leprae/number of footpads harvested.
% ND, Not done.
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had multiplied almost to 10%footpad was
treated with 0.1 g of dapsone per 100 g of diet for
8 weeks, during which passages were made of
M. leprae recovered from treated and untreated
control mice at intervals of 1 or 2 weeks. The
time from passage to multiplication to 10° orga-
nisms/footpad increased in a linear fashion for
passages of M. leprae from untreated mice. The
time required for multiplication to 10° AFB/
footpad increased at the same rate for passages
of M. leprae from dapsone-treated mice, but
was longer by an average of 34 days than that of
corresponding passages from untreated mice.
Because these passages were performed during
continued dapsone administration, these re-
sults were interpreted to indicate prolongation
of the lag phase of passages from treated mice
(i.e., prolonged bacteriostasis).

To establish more firmly that the action of
dapsone was that of prolonged bacteriostasis
rather than bactericide, we carried out a second
study (3). Dapsone was administered for 1, 3, or
7 days to mice in which M. leprae had multi-
plied almost to 10%/footpad. Passages of M. lep-
rae were made from the several groups of
treated mice and from untreated mice at inter-
vals of 1 or 2 weeks for 10 weeks, and the time
from passage to multiplication to 10° AFB/foot-
pad was measured for each passage. Soon after
the period of treatment, the time from passage
to multiplication to 10° AFB/footpad was con-
siderably longer for passages from treated mice
than for those from untreated mice. However,
the passages made 8 and 10 weeks after the
period of treatment showed no difference of the
time required for multiplication to 10%footpad
between passages from treated and untreated
mice. The transitory effect of dapsone that was
evident soon after the period of dapsone admin-
istration but had waned 8 to 10 weeks later was
felt to be consistent with prolongation of the lag
phase, but not with killing of M. leprae.

These earlier experiments suffered because
the distinction between prolonged bacterio-
stasis and bacterial killing could be only in-
ferential. The description by Hilson of his tech-
nique of “proportional bactericide” (1) sug-

.gested a more direct approach to the distinction

between bacteriostatic and bactericidal effects
of a drug. Therefore, the experiment was re-
peated with two modifications. Passage inocula
were serially diluted to permit “titration” of the
proportion of viable organisms in the inocula,
and foot-by-foot harvests were performed in
addition to those needed for the construction of
growth curves of M. leprae. The results of the
experiment as modified, described in this re-
port, demonstrate that the administration of
0.1 g of dapsone per 100 g of diet for 1 week was
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accompanied by killing of about 99% of the
viable organisms.

Remaining to be considered is whether the
technique of proportional bactericide permitted
the demonstration of bacterial killing that was
obscured in the earlier experiments by the use
of a less direct and less precise technique, or
whether bacterial killing occurred in ‘this ex-
periment but not in the two earlier experi-
ments.

Colston and Hilson have recently reported
that treatment of mice with 0.01 g of dapsone
per 100 g of diet for 30 days was accompanied by
41% killing, and treatment with the same dos-
age for 60 days by 82% killing (M. J. Colston et
al., personal communication; M. J. Colston and
G. R. F. Hilson, Int. J. Leprosy, in press). Thus,

killing of M. leprae during dapsone treatment ‘

has been demonstrated by other workers. The
results of our earlier experiments cannot easily
be reinterpreted to show killing of M. leprae;
however, it would appear that treatment of
mice with dapsone may be accompanied some-
times by bactericidal and at other times by
prolonged bacteriostatic effects. Further study
is needed to bring to light the factors determin-
ing the character of dapsone action from experi-
ment to experiment.
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