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The effect of dapsone (4,4’-diaminodi- 
phenylsulfme, DDS) on the multiplication of 
Mycobacterium Zepae in the mouse foot pad 
has been studied primarily by means of 
experiments in which dapsme administra- 
tion was begun at  the time of inocula- 
tion or at  a time when the organisms 
had entered the logarithmic phase of multi- 
plication, well before maximal multiplication 
has been achieved (1). These experiments 
have yielded valuable information about the 
effect of the drug on the organism, permitting 
both the measurement of the minimal inhib- 
itory concentrations of DDS for M .  Zeprae 
( 2 )  and also the demonstration of DDS- 
resistant strains of the organism (3, 4 ) .  But 
they have not permitted the observation of 
drug effects in established infection, the situ- 
ation encountered in the treatment of the 
patient with leproma t ous leprosy. 

In  mouse experiments, bacterial numbers 
are less than lo5 per foot pad when drug 
administration is begun, whereas the un- 
treated patient with lepromatous leprosy may 
harbor as many as loll M .  Zeprae ( 5 ) .  Fur- 
thermore, because there are so few organisms, 
it is difficult to measure the rate of killing of 
M. Zeprae during DDS treatment of the 
mice, whereas the rate of killing of the orga- 
nisms has been successfully measured in pa- 
tients under treatment with one dosage regi- 
men of DDS (6). 

Shepard and Chang (7 ) ,  in an effort to 
study the effect of DDS in established M .  
Zcprae infection of mice, began DDS treat- 
ment a t  about the time that bacterial num- 
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bers reached their maximum of approximate- 
ly 106 per foot pad. Because bacterial killing 
occurred initially a t  the same rate in both 
treated and untreated mice, an effect of DDS 
could be demonstrated only by failure of a 
second growth phase of the M .  Zeprae to 
occur in the treated mice as i t  did in un- 
treated controls. I t  was not possible to mea- 
sure the rate of bacterial killing during DDS 
treatment. We have undertaken to demon- 
strate an additional effect of dapsone by com- 
paring the rate of bacterial killing in treated 
mice with that in the untreated animals. 
Measurement of the rate of killing has been 
attempted by a careful examination of the 
changes of bacterial morphology and of the 
ability of the M .  Zeprae to multiply after 
passage to other mice. 

Methods. The mouse foot pad technique 
for the cultivation of M. Zeprae developed by 
Shepard (8, 10) was used. The strain of M .  
Zeprae used in these experiments was original- 
ly isolated by C. C. Shepard, National Com- 
municable Disease Center, Atlanta, Georgia, 
from a patient with lepromatous leprosy and 
has since been maintained in mouse passage 
in our laboratory. Locally bred BALB/c 
mice were used. DDS was added to the 
mouse meal as a solid, and mixing was ac- 
complished in a liquid-solid twin-shell blen- 
der (Patterson-Kelly Co.) . Measurement of 
the solid ratio-the proportion of brightly 
and solidly stained acid-fast bacilli (AFB) to 
the total number of AFB examined-was 
performed by Shepard’s technique ( 11)  ; the 
preparations were coded and examined in 
random order; each measurement was based 
on the examination of 500 AFB. 

Results. In  a preliminary experiment male 
mice were inoculated, each with 5 x lo3 M. 
Zeprae into the right hind foot pad. The re- 
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FIG. 1. Results of Experiment m1-18-68. Upper 
panel. The number of solid organisms per 100 AFB 
as a function of time. Lower panel. The common 
logarithm of the number of AFB harvested per foot 
pad as a function of time after inoculation. Harvest 
from pooled tissue of four mice ( 0 )  ; harvest from 
pool of six mice (a) ; harvest from pool of eight 
mice (A) ; Line A: log number of AFB = 5.6’18 + 
0.0188 (number of days129.22) ; y, the correlation 
coefficient, = 0.96; doubling time = 16 days. Line 
B :  log number of AFB = 5.678 + 0.0232 (number 
of days-129.22); doubling time = 13 days. 

sults of harvests of the pooled foot pad tissue 
of four to eight mice performed 61 days 
after inoculation, and a t  intervals of 1 or 2 
weeks from 91 until 248 days after inocula- 
tion are presented in Fig. 1 .  The number of 
AFB per foot pad increased, reaching loG 
organisms per foot pad at  about 150 days; 
shortly thereafter, multiplication ceased, Line 
A, the regression line through the points 
representing the harvests between 91 and 161 
days, yields a doubling time of 16 days; line 
B has been drawn with a doubling time of 13 
days, the usual doubling time of this strain 
of M .  Zeprae in these mice measured during 
logarithmic multiplication in our laboratory. 
The solid ratio varied between 1.2 and 5.4/100 
during logarithmic multiplication, and fell 
below lJl00 only for the 210-day harvest. 

Another group of male mice was inoculated 
with M .  Zeprae as was the first, and harvests 
were performed with the results shown in 

Fig. 2 .  In order to conserve mice, fewer har- 
vests were performed to define the growth 
curve. One hundred thirty-eight days after 
inoculation, a harvest was performed, and 
organisms were passed to another group of 
mice. The remaining mice were randomly di- 
vided between a control group and a group to 
which was administered DDS, O.l%, in the 
mouse diet. At weekly intervals thereafter, 
harvests were performed of the pooled foot 
pad tissue of four mice from each group, and 
organisms from each harvest were passed to 
other groups of mice. DDS was administered 
continuously until 194 days after inoculation, 
a t  which time the last harvests and passages 
were performed. Line A, the regression line 
through the points representing the harvests 
from untreated mice between 91 and 152 
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FIG. 2. Upper panel. The number of solid orga- 
nisms per 100 AFB as a function of time. Lower 
panel. The common logarithm of the number of 
AFB harvested per foot pad as a function of time 
after inoculation. Harvest from pooled tissue of four 
mice (0 0 )  ; harvest from pooled tissue of eight 
mice (A). Harvests from untreated mice are 
denoted by solid symbols; harvests from mice 
treated with 0.1% dapsone are denoted by open 
circles. Line A: log number of AFB = 5.688 = 
0.0305 (number of days - 130.00); y = 0.98; 
doubling time = 9.9 days. Line B: log number of 
AFB = 5.688 f 0.0232 (number of days - 130.00) ; 
doubling time = 13 days. Line C: log number 
of AFB = 5.73 + 0.0005 (number of days - 
163.50); y = 0.05. 
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TABLE I. Harvests from Passage Mice. 

Time from in- Time t o  
oculation of n m e  Number 106AFB 
m7-3-68 to after AFB” recov- per foot  
harvest and passage ered per foot pad 

passage (days) (days) pad ( X lo5) (days) 

138 

145 (Control) 
145 (Treated) 

152 (Control) 
152 (Treated) 

159 (Control) 

159 (Treated) 

166 (Control) 

166 (Treated) 

173 (Control) 

173 (Treated) 

181 (Control) 

181 (Trcated) 

194 (Control) 
194 (Treated) 

103 
148 
156 

150 
150 
177 
205 

149 
149 
189 
206 

149 
157 
182 
200 

143 
168 
183 
211 

183 
185 
163 
184 
185 
218 

1’5 8 
180 
194 
193 
214 
233 

197 
182 
210 
240 

0.6 
32 
15 

1 0  
2.4 
4.8 

22 

8.9 
0.4 
7.5 

21 

6.5 
13  
3.9 

13  

3.0 
15 

5.0 
7.2 

14  
31 

2.7 
6.5 
4.7 

13.7 

0.94 
9.2 

10.7 
6.0 
5.8 
3.0 

18.9 
1.1 
2.8 

34 

136 

149 

184 

151 

193 

154 

196 

162 

202 

168 

195 

188 

21G 

184 

222 

a AFB = acid-fast bacilli. 

days, yields a doubling time of 10 days; line 
B has been drawn with a doubling time of 13 
days. Line C is the regression line through 
the points representing the harvest after 138 
days and the subsequent harvests from the 
treated mice. Multiplication of M .  Zeprae in 

the untreated mice ceased shortly after the 
mice were divided into two groups and DDS 
treatment started; DDS treatment caused 
immediate inhibition of multiplication of the 
organisms. There was no consistent trend of 
the solid ratio during logarithmic multiplica- 
tion, after cessation of multiplication of M .  
Zeprae in the untreated mice, or during DDS 
administration. 

The M .  Zeprae recovered in each of the 
harvests from both treated and untreated 
mice were diluted to provide an inoculum of 
5 x lo3 organisms per foot pad and each 
inoculum was passed to a group of 20 mice, 
hereafter designated as “passage,’ mice. Har- 
vests of the pooled foot pad tissue from four 
mice were performed at  intervals from each 
group of passage mice (Table I), The time 
elapsed between inoculation of the passage 
mice and multiplication to a level of lo6 AFB 
per foot pad was calculated for each pas- 
sage, assuming that those M. Zeprae capable 
of multiplying in the mice do so with a doub- 
ling time of 13 days. The time required for 
bacterial numbers to reach lo6 per foot pad 
in the passage mice, termed the “time to 
plateau,” has been plotted as a function of 
the time from inoculation to passage for each 
group of treated or untreated mice (Fig. 3) .  
Line A, the regression line through the points 
calculated from the results of the passage 
from the untreated mice, is described by the 
expression 

D = 161.5 + 0.908 ( d  - 63.5) 

where D is the time to plateau for each 
passage in days and d the time in days from 
inoculation to passage. The 95% confidence 
interval for the slope of the regression line is 
0.637 to 1.179. Line B, the regression line 
through the points from the passages from 
the treated mice, has the equation 

D = 201.14 + 0.734 ( d  - 167.14). 

The 95% confidence interval for its slope is 
0.401 to 1.067. Because the slope of each line 
lies within the confidence interval of the 
other, Lines A and B may be considered 
parallel. That the two lines are not identical 
is demonstrated by the confidence interval 
around the value for D on each line at the 
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FIG. 3 .  Results of passages from Experiment 
m7-3-68. The time required for the multiplication of 
M .  Zeprae to the plateau value of 10’ AFB per 
foot pad is plotted for each passage as a function of 
the time of passage. Untreated mice ( 0 )  ; treated 
mice (0). 

same d. At d = 165 days, D has the 95% 
confidence interval 158.15 to 167.71 for Line 
A and the interval 194.23 to 204.81 for Line 
B. Thus, the two lines are distinct, and the 
points through which each is drawn come 
from two different populations. These plots 
suggest that the time to plateau of each suc- 
cessive passage increased in proportion to the 
length of time from inoculation to passage, 
and that the time to plateau is always longer 
for the passages from treated mice than for 
those from the untreated mice by an average 
of about 36 days. 

Discussion. The number of organisms in 
each passage was standardized. If one as- 
sumes the doubling time of a given strain of 
2. Zeprae to be constant in the same strain of 
inbred mice, and if the duration of the lag 
phase is assumed to be constant for each 
passage from the untreated mice, then the 
time to plateau of each passage is a function 
of the proportion of organisms in each pas- 
sage inoculum capable of multiplication in 

the mouse foot pad. The increase of the time 
to plateau in the passage mice may then be 
interpreted to represent a decrease of the 
proportion of infective M .  Zeprae. In fact, for 
a given duration of the lag phase, the pro- 
portion of infective organisms in each passage 
inoculum may be readily computed. When 
this proportion is plotted as a function of the 
time from inoculation to passage, the Ioss of 
infective M .  Zeprue may be shown to have 
occurred exponentially, with a half-time of 14 
days. The loss of M .  Eeprae infective for the 
mouse foot pad may result from death of the 
organisms. 

The loss of infective M. Zeprae appears to 
have occurred at  the same rate in treated as 
in untreated mice after 1 week of DDS ad- 
ministration. But there is a marked length- 
ening of the time to plateau during the first 
week of DDS, which is equivalent to a loss of 
90% of the infective organisms present be- 
fore treatment , This interpretation suggests 
that 90% of the M .  Zeprae are susceptible to 
DDS and die rapidly during treatment, 
whereas the remaining 10% are DDS- 
resistant and survive DDS administration in 
high dosage, only to be killed more slowly by 
the mice. But what we know about DDS- 
resistant M .  Zeprae is entirely inconsistent 
with so large a proportion of DDS-resistant 
organisms. Tests of the susceptibility of this 
strain of M .  Eeprae in our laboratory have 
demonstrated that it is inhibited from multi- 
plying by a dose of DDS 1/1000 of that used 
in this experiment. Moreover, disease caused 
by DDS-resistant M. Zeprae occurs only rare- 

A more tenable explanation, which requires 
a homogenous population with respect to 
DDS susceptibility, is that this DDS treat- 
ment uniformly lengthened the lag phase of 
multiplication of M .  Eeprae after as little as 1 
week’s exposure to the drug. The lag phase 
of multiplication of M .  Zeprae cannot be 
readily measured in mice. When an inoculum 
of usual size ( 5  X lo3 AFB per foot pad) is 
used, the organisms are too few for accurate 
counting. In  order to provide bacterial num- 
bers sufficiently large to permit accurate 
counting, inocula no smaller than 5 x 104 
AFB per foot pad might be employed. Multi- 
plication might then be followed during the 

1Y (374) * 
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four or five doublings which could occur be- 
fore logarithmic multiplication ceased. If all 
of the M .  Zeprae in the inoculum were capa- 
ble of multiplication in the mouse foot pad, 
one might readily recognize the end of the 
lag phase and the beginning of logarithmic 
multiplication. But only a fraction of the 
total number of M. Zeprae in a,n inoculum are 
infective for the mouse foot pad ( 1 2 ) ;  if 
this fraction were relatively small, the larger 
number of noninfective organisms would ob- 
scure the first doublings of the infective orga- 
nisms, and the duration of the lag phase 
would be overestimated. 

In  an analogous experiment, Dickinson 
and Mitchison (13) have shown that M .  tu- 
berculosis subcultured after varying periods 
of exposure in vitro to isoniazid demonstrate 
prolongation of the lag phase, the duration of 
which is proportional to the duration of con- 
tact with the drug. The results of Shepard’s 
“kinetic” experiments ( l ) ,  in which the re- 
sumption of multiplication of M .  Zeprae after 
cessation of DDS administration to the mice 
followed a delay which could not be at- 
tributed to continued presence of inhibitory 
concentrations of the drug, may be inter- 
preted to show “persisting bacteriostasis” or 
bacterial death. The results of our experi- 
ments suggest that bacteriostasis persisting 
after removal of the organisms from contact 
with the drug may be the more correct expla- 
nation of Shepard’s findings. 

Summary. If the assumptions be valid that 
the lag phase of bacterial multiplication is 
constant when M .  Zeprae are repeatedly har- 
vested from untreated mice and passed to 

other mice of the same inbred strain, and 
that those M .  Zeprae capable of multiplying 
in the mouse foot pad do so always at  the 
same rate, then the results of these experi- 
ments may be interpreted to show that once 
the peak of bacterial multiplication has been 
reached, death of M .  Zeprae ensues. Death of 
M .  Zeprae appears to have occurred in mice 
during DDS treatment a t  the same rate as in 
the untreated mice, but the lag phase of 
bacterial growth was uniformly prolonged as 
a result of treatment. 
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