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Charles C. Shepard:! 

Most studies of the activity of drugs 
against Mycobacterium leprae in mice from 
this laboratory (4 ,5,6,7.11) and from others 
( ] ,2,3) have followed a procedure in which 
administration of the drugs is begun on 
the day of infection and continued until 
the termination of the experiments. The 
infectious inoculum is diluted so that if no 
bacillary multiplication occurs, the concen­
tration of AFB in the foot pad tissues 
remains below microscopically detectable 
limits. Only inhibition of multiplication is 
observed, and the killing of M. leprae by 
the drug is not measured. 

With Y. T. Chang we have made an 
attempt to measure bactericidal activity b y 

1 R eceivecl for publica tion 19 May 1967. 
2 The foll owing abbreviations are used th rough ­

out : A FB = acid -fast bacter ia; DADDS = 4.4'­
diace tyldi aminodiphenyl sulfone; DDS = 4.4'-diami­
nodiphen yl sulfone; OPT = d iph en ylthiou rea 
(thiambutosine, Ciba-1906); IN H = isoniazid; 
PAS = p-aminosalicylic acid : SM = streptomycin. 
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DDS, by allowing the M. leprae to multiply 
to the usual plateau level above 1 x 106 per 
mouse before starting the drug ( 8) . At 
intervals, treated and control mice were 
then sacrificed, the M. leprae counted mi­
croscopically, and their viability measured 
by subinoculation into new groups of mice. 
Although this approach had the advantage 
of mimicking the usual therapeutic situa­
tion in the human patient, it had the great 
disadvantage of being very laborious and 
time-consuming. In addition, determination 
of the rate of J<illing was made difficult by 
the cycles of death and growth that occur 
during the plateau phase of the bacillary 
growth curve in the untreated mouse (9). 

The paper presented here describes a 
kinetic method that takes advantage of the 
amount of accuracy available in the loga­
rithmic phase of the growth curve of M. 
leprae. Drug is given only for a limited 
period early in the growth curve, and the 
effect of drug is noted by the subsequent 
delay in appearance of the logarithmic 
phase of growth. 
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MATERIALS AND METHODS 

The mice were of the CFW strain , raised 
a t the National Communicable Disease 
Center. They were caged , and cages ran­
domized , and all the mice infected with 5 x 
lOa M. leprae from a strain ( B2602 ) in 
fourth mouse p assage from an untrea ted 
lepromatous p a tient. The diets and injec­
tions were given as shown in T able 1. The 
control diet was unpelle ted commercial 
chow. The drug die ts were prepared by 
adding drugs to it as follows: 0.1% DDS, 
0.01% DDS, 0.1% DPT, and 0.6% PAS as 
dry powder; and 0.00001% DDS and 
0.01% INH as ethanolic solutions. The liq­
uid-solid twin-shell blender (n) was em­
ployed ; precautions were taken to prevent 
carry-over of drug. 

The methods for harvesting foot pads 
(6.i) and for counting AFB (10) have 
heen descrihed. 

RESULTS AND INTERPRET A TION 

The growth curvc in control mice was 
monitored by harves ts from pools of four 
mice from diffe rent control groups at month­
ly intervals, starting at three months a fte r 
inocul a tion . Soon after the bacterial popu­
la tion had increased to normal plateau 
levels above 106.°, harvests were carried 
ou t on pools of four mi ce from each treated 
and control group, first at five months 
( 161-162 days) and aga in a t eight months 
(250-251 days). The results a re given in 
Table 1 and Figure 1. It is apparent that 
some of the trea tments delayed the growth 
of M. leprae, but none was able to kill all 
the organisms. 

A graphic analysis of the results is given 
in Figure 1, where the growth curves are 
idealized into lag, logarithmic, and plateau 
phases. Graphically the lag phase assumes 
pure persistence of the inoculum until the 

TABLE 1. The e.flect of temporary admim:stration of dru(Js on subsequent gr01cth of i\f. leprae 

Mouse number 

1- 20 
21 - 40 
41- 60 
61- 80 
81- 100 

101- 120 

121- ]40 
141- 160 

161- 180 
]81- 200 
201- 220 
221- 240 
241- 260 
261- 280 

281- 300 
301- 320 
321- 340 
341- 360 
361- 380 

Dietsa and inj ecti on~ 

Control 
DDS, 0.1% 
DDS, 0.01 % 
Control 
DDS, 0.00001 % 
DADDS, 100 mgm ./ kgm. at 30 day;; 

only" 
Control 
SM, 2 mgm. thri ce weekly, 30 to 86 

days" 
INH, O.OL % 
Control 
DPT, 0.1 % 
PAS, 0.6% 
Control 
DDS, 0.01% + S1\[ 2 mgm. thri ce 

weekly 30- 86 days 
DDS, 0.01 % + lNH, 0.01 % 
Control 
DDS, 0.0.1 % + DPT, 0.1 % 
DDS, 0 .01 % + PAS, 0.6% 
Control 

• Diets given from 33 to 93 days postinocuiat ion. 
h Control diet given. 

Harvest (AFB / mouse) 

5 mon th ~ 

1.2 X 106 

< 1.8 X 104 

1 .6 x 104 
4 .0 X 106 

4.8 X 106 

4.6 X 105 

2.5 X 106 

2.7 X Wi 
4.6 X lOll 
1.2 X 106 

] .5 X 10;' 
3.8 X 106 

2 .2 X 106 

< .I.6 X I04 
1 .5 X 10· 
5. 1 X 106 

1.7 X 104 

4.7 X 105 

1 .3 X 106 

8 month" 

1.7 X 106 

2 .2 X 106 

1 .9x106 

2 .1 X 106 

1 .4x 106 

1.9 x 106 

3.2 X 106 

].4 X 106 

2.2 X 106 

1.3x lOli 

1.1 X 10'; 
2.8 X 106 

2 .2 X 106 

1.2 X 106 

2. 0 X 106 

2 .0 X 106 

1.8x 106 
1 .8x ]06 
5.8 X 105 
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DAYS AFTER INFECTION 

F I G. 1. The effect of temporary administration of drugs on the subsequent growth 
of M. lepme in mice. The growth curve in unu'eated controls (white stars) rose to 
normal plateau levels above 106.0 at 156 days. Harvests were then carried out in all 
of the treated and control groups; harvests from all these groups were reported three 
months later. The average for all the control groups is indicated by the circled stars, 
and the range of harvests from individual control groups by the vertical lines. Also 
shown are the harves ts from the groups whose treatment caused some delay in the 
growth of M. lepme. "DDS and PAS" refers to mice receiving a combination of DDS 
and PAS, "DDS and INH" to mice receiving a combination of DDS and INH, etc. 

beginning of the logarithmic phase. In fac t, 
however, death of bacilli ( or loss from the 
site) may also occur, and the differentia­
tion is made later on the b asis of other 
evidence. The logarithmic phases are as­
sumed to have generation times of 12.5 
days; this is our b es t es timate of the growth 
rate in this period (0), and this value fits 
the present data well. The logarithmic 
phar.es are drawn to the b es t fit of experi-

mental values in this interval and assumed 
to extend without interruption until they 
reach plateau levels. According to this an­
alysis the control curve entered the loga­
rithmic phase at 43 days and left it to enter 
the pla teau phase a t 156 days. 

Single drugs. The simplest cases for inter­
pretation are SM, DPT, INH, PAS, and 
0.00001 per cent DDS. SM delayed the 
bacterial growth, but it did so only for the 
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period during which it was administered. 
DPT also delayed bacterial growth, but 
only for a period that extended seven days 
beyond the period of its administration. 
Hence it would also have been bacterio­
static without being significantly bacteri­
cidal. INH, PAS, and 0.00001 per cent 
DDS when given singly had no noticeable 
effect during this experiment. Since the first 
harvest (five months) was apparently car­
ried out very shortly after the end of the 
logarithmic phase, even partial inhibition 
should have been detectable. 

The interpretation of the results with 
DDS involves the persistence of this drug 
in the tissues. DDS, fed in a concentration 
of 0.01 per cent, delayed the growth of M. 
leprae 47 days beyond the period of drug 
administration. DDS is a slowly excreted 
drug and 0.01 per cent in the diet is 
approximately 100 times the minimal 
amount needed to stop multiplication (r.) , 
so that at least part of the 47 days would be 
the time required for tissue concentrations 
to fall below the minimal inhibitory con­
centration. Excretion rates are not accur­
ately known in the mouse, but some evi­
dence is available from other experiments 
where DDS was administered only periodi­
cany. In an experiment where 200 mgm. 
DDS/ kgm. was given by injection at inter­
vals of 0.5, 1, or 2 months intervals the 
results suggested that bacteriostasis per­
sisted for three weeks after each injection 
(Ii). Also Rees found that the administra­
tion of 0.1 per cent DDS in the diet for one 
day every 14 days was enough to stop 
multiplication of M. leprae (personal com­
munication ). In the present experiment, if 
bacteriostatic concentrations of DDS per­
sisted in the tissues for 14 to 21 days, there 
would remain 26 to 33 days of delay that 
could have been caused by killing of M. 
leprae. A maximal estimate of the amount 
of killing could be made on the basis that 
this amount of delay was the time required 
for growth at full logarithmic growth rates 
to replace the fraction of M. leprae killed 
by the drug. A delay of 26 to 33 days would 
correspond to 2.1 to 2.6 generation times, or 
a killing rate of 77 to 84 per cent. 

The administration of a ten-fold greater 
amount of DDS, i.e., 0.1 per cent in the 
diet, did not cause significantly greater 

killing of M. leprae. Although no AFB were 
encountered in the count of the first har­
vest, the number at the second harvest 
showed the bacterial population to be up to 
normal plateau levels. Although an intake 
of 0.1 per cent in the diet would produce 
higher blood and tissue concentrations of 
drug (7), and consequently a longer period 
for elimination of drug after intake had 
ceased, it is doubtful if the greater amount 
of delay that would have been expected 
would have been measurable under the 
particular experimental conditions. 

DADDS is a repository compound and 
the length of the delay it caused would 
reflect the period over whi ch it released 
DDS (or the mono-acetyl derivative) in 
significant amounts. From this experiment 
it would not be possible to know if any of 
the delay should be ascribed to bacterial 
killing. 

Combination of drugs. Several drugs 
were given in combination with DDS to see 
if they would increase the amount of kill­
ing. The concentration of DDS chosen for 
these mixtures was 0.01 per cent in the diet, 
since this intake produces blood and tissue 
levels that are about the same as those 
observed in man on standard therapeutic 
dosages (7,11) . SM and DPT when given 
singly were effective in this experiment, but 
in combination with DDS the effect was 
the same as that of DDS alone. PAS and 
INH given singly had no noticeable in­
hibitory effect on M. leprae, but the com­
bination of each with DDS was not as 
effective as DDS alone. 

DISCUSSION 

The method described appears capable 
of measuring the bacteriostatic as well as 
the bactericidal effect of drugs. The experi­
ment had been planned with the expecta­
tion that more M. leprae would be killed 
by two months of DDS, especially when it 
was administered during the logarithmic 
phase of growth. Presumably the bacteri­
cidal effects would have been more distinct 
if the drug had been given over a longer 
period, and experiments are in progress to 
determine the effect of duration of DDS 
administration. In the interpretation of the 
results here two simplifying assumptions 
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were made: ( 1 ) that after the beginning of 
administration of an effective drug the ces­
sation of bacillary growth is rapid enough 
to prevent significant increase in numbers 
of bacilli , and ( 2 ) that as soon as an 
inhibitory drug disappears from the tissue:; 
bacillary growth begins at the rate ob­
served in the controls. Current experiments 
seek to follow these events of the growth 
curve more closely, with more frequent 
.mrves ts that start at the end of the period 
of drug administration. 

Comparison with earlier results. An indi­
cation of the reliability of the present 
method and its interpretation can be 
gained by a comparison with earlier results. 
Beference is made here only to strains from 
untrea ted patients. 

1. DDS was here found not to be inhibi­
tory when given as 0.00001 per cent in the 
diet. Previously this dosage had been found 
to inhibit one strain ( 11 ), but not to inhibit 
four others (G). A dosage of 0.0001 per 
cent in the diet has been found to inhibit 
nine of nine strains tested ((11), unpublished 
results ). Previous work with concentrations 
of DDS in the range of 0.01 per cent to 0.1 
per cent in the diet had shown all strains 
from untreated patients to be inhibited (1 .. 
3.0 ,7 ), a finding in agreement with the 
present results. These earlier experiment~ 
had not sought to measure bactericidal 
effect. In one experiment where this was 
studied (8), killing of M. Zeprae was not 
detectable after 57 days of 0.1 per cent 
DDS in the diet, but it was distinct at 88 
days and thereafter. The interpretation of 
that experiment had been obscured by the 
succession of death and growth phases that 
occur in the normal plateau phase, and it 
was not clear whether the killing began 
when it did because a growth phase had 
begun or whether the length of exposure to 
drug had reached a critical time. The re­
sults of the present experiment tend to 
support the latter explanation, but furthel 
experimentation is needed to clear this up. 
There appears to be no serious discrepancy 
between the two sets of experimental re­
sults. Waters and Bees (13) have described 
the regular decrease in normally stained 
M. Zepme in lepromatous patients in their 
first three and six months of treatment with 
DDS, However, the definition of a normal-

ly stained bacillus for that study was appar­
ently not as rigorous as the one used here 
for solidly stained bacilli. Nevertheless, 
their patients had a decline in normally 
stained bacilli of 78 per cent in three 
months, a decrease only moderately slower 
than the estimated maximal killin g rate in 
the present study. 

2 . . DADDS in the present experiment 
apparently delayed the growth of M. lep­
me only 36 days when given in a single 
injection of 100 mgm./kgm. Earlier it had 
been found that as little as 6 mgm./kgm. 
was nearly completely suppressive when 
given every 60 days (5) . Before the appar­
ent discrepancy can be interpreted, more 
needs to be learned of the rate at which 
DADDS stops growth and of the contribu­
tion made by duration of exposure to DDS. 

3. SM was earlier found to inhibit the 
growth of M. Zeprae completely when giv­
en in a dosage of 2 mgm. five days a week 
(7). In the present experiment 2 mgm. 
thrice weekly for two months was found to 
be bacteriostatic but not bactericidal. 

4. DPT, as 0.1 per cent in the diet, was 
found inactive against one strain of M. 
Zepme (7), and active against four others 
(1, 3) . The present results show that the 
same concentration of drug for two months 
is bacteriostatic but not bactericidal. 

5. Earlier. INH had bee'n found to inhibit 
the growth of M. Zepme completely (6). 
(The concentration of INH in that refer­
ence should have read 0.01 per cent in the 
diet.) In the present experiment no effect 
was detected. 

6. Previously PAS was found active at 0.6 
per cent (6), but it was without effect 
here. Supposedly the discrepancies be­
tween the two experiments with regard to 
these two dru gs were caused by strain 
differences in sensitivity. As mentioned 
above, the timing of the harvests in the 
present experiment was such that even 
partial inhibition should have been detect­
ed. The possibility that inhibition was 
present, but was followed by more rapid 
than normal logarithmic !!I'owth, would 
have to be ruled out by a harves t at the 
end of the period of drug ~dll1ini~tration. 

Combination of drugs. There are no pre­
vious reports on the effect in mice of 
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drug combinations. Clinically such combi­
nations have been frequently tri ed, in­
spired no doubt by the success of combina­
tions in tuberculosis. In ·the present experi ­
ment SM and DPT when given singly were 
each inhibitory during the period of adm in­
istration, but when they were given with 
0.01 per cent DDS the effect was the same 
as with DDS alone. A synergistic effect of 
sulfones and SM had been noted with M. 
tuberculosis ( "' ). INH and PAS, both inac­
tive when given slngly, were found to an­
tagonize the antibacterial effect of DDS. 
Several explanations for the antagonism 
seem possible at present. One that might 
be mentioned is that INH and PAS were 
able to increase the excretion of DDS 
through inductive enzyme formation, so 
that the concentration of DDS was lower 
during the period of administration and did 
not persist so long afterwards. In the case 
of PAS an interference at the enzym e site 
seems possible, sin ce both PAS and DDS 
probably act on mycobac teria by compet­
ing with p-aminobenzoic acid in the enzy­
matic formation of intermediates of folic 
acid (14). It has been observed that PAS 
will enter into the formation of folate ana­
logs that will substitute for true folate com­
pounds in certain microorganisms ( 12). 

Further experience with this kinetic 
method will be needed to define its useful­
ness and to establish the correctness of the 
interpretations given here. Nevertheless, it 
appears obvious now that there are certain 
advantages over the principal method used 
previously. Varying degrees of antibacterial 
effect can be observed. Less drug is re­
quired. The period of administration is 
shortened, so that the work involved in 
making and feeding the diets is significant­
ly decreased, as is the poss ibility of labora­
tory error. 

SUMMARY 

A kinetic method is described for the 
study of the activity of drugs against M. 
leprae in the mouse. The drug is adminis­
tered for a limited period early in the 
infection, and the effect on the subse­
quent bacterial growth curve is observed. 
The method appears capable of detec ting 
and measuring a drug's bacteriostatic as 
well as bacteridal effects on M. leprae. 

In th e experiment reported, administra­
tion of drug was limited to a two-month 
period that ended at 93 days after infection . 
Most of this period corresponded to the 
early logarithmic phase in the untrea ted 
controls. None of the trea tm ents eradicated 
the infection. The results were interpreted 
as follows : SM, 2 mgm. thrice weekly, and 
0.1 per cent DPT in the diet were each 
bacteriostatic, but they did not have impor­
tant bactericidal activity. INH, 0.01 per 
cent, and PAS, 0.6 per cent in the diet, 
were each inacti ve. DDS, 0.01 per cent in 
the diet, was bacteriostatic and probably 
partially bacteri ci dal; the killing rate was 
estimated not to exceed 77 to 84 per cent. 
A high er concentration (0.1% in the diet ) 
was no more effective. The combination of 
0.01 per cent DDS with either SM or DPT 
was no more effective than DDS alone, 
INH and PAS antagonized the antibacteri­
al effect of DDS. 

RESUMEN 

Se describe un metodo kinetico para el 
estudio de la actividad de las drogas con tra 
M. leprae en los ratones. La droga es ad­
ministrada en eta pas tempranas de la infec­
cion por un tiempo limitado, y el efecto sub­
secuente en la curva de crecimiento del 
bacterio es observada. EI metodo es capaz de 
detectar y medir los efectos bacteriost<lti cos 
de la droga como tambien eI efecto bactericida 
en el hI. Teprae. 

En el experimento mencionado, la adminis­
tracion de la droga fue limitada a un periodo 
de dos meses que termino 93 dias despues de la 
infeccion, y la mayor parte de este periodo cor­
respondio a la fase logaritmica temprana en 
los controles no tratados. Ninguno de los tra­
tamientos erradico 1a infeccion. Los resultados 
fueron interpretados como sigue: SM, 2 mgm. 
tres veces a la semana, y 0.1 por ciento DPT 
en la dieta fu eron cada uno bacteriostaticos, 
pero ellos no tuvieron actividad bactericida de 
importancia. INH, 0.01 por ciento, y PAS, 
0.6 por ciento en la dieta, fu eron cada uno 
inactivos. DDS, 0.01 pOl' ciento en la dieta 
fue bacteriostatico y con probabilidad parcial­
mente bactericida; la tasa de mortalidad se 
es timo que no excedio el 77 al 84 por ciento. 
Una mas alta concentracion (0,.1% en la dieta) 
no fue mas efectiva . La combinacion de DDS 
al 0.01 por ciento tanto con SM 0 DPT no 
fue mas efectiva que el DDS solo. Las drogas 
INT-I y PAS antagon izaron el efecto antibac­
teriano del DDS. 
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RESUME 

On a dccrit dans eet art icle 1111 e mcthodc 
cinetique permettant cl'etlldier chez la souris 
l'acti vite des medicaments contre M. leprac. 
Le medicamen t est administrc au debut de 
!'infection et pour u ne periode de temps 
limitee. L'efFet sur ]a courbe de croissance 
bacterienne qui survient ensuite est alars ob­
serve. La methode paral t permettre de detecter 
et de mesurer les effets tant bacterios tatiques 
q ue bactericides d 'un produit sur M. leprae. 

Au cours de l'experi mentation relatee ici, 
l'administration du produit a etc limitee a une 
peri ode de 2 mois qui terminee a 93 jours apres 
l'infection. La plus grande partie de cette 
p~' riode corresponcl ait a la phase logarithmique 
precoce chez les temoins non tmites. Aucun 
des traitements n'a penn is de supprimer l'in ­
fection. Les resultats furen t interpretes comme 
suit : la strept:.lln yc:ine, a la dose de 2 mgm. 
trois foi s par semaine, de meme que l'addition 
de 0.1 pour cent de DPT clans la nourriture, 
constituaient des traitements bacterios tatiques, 
mais ne temoignaien t d'aucune activite bac­
tericide importante. L'INH, ajoute a la nour­
riture dans la proportion de 0.01 pour cent, et 
Ie PAS, administre par la meme methode dans 
la proportion de 0.6 pour cent, etaient tous 
deux inactifs. La DDS, a raison de 0.01 pour 
cent dans la nourriture, etait bacteriostati que 
et probab lement, en parti e, bactericide; on a 
estime que Ie taux de destruction n'excedait 
pas 77 a 84 pour cent. Une concentration plus 
elevee (0.1 pour cent dans la nourriture) 
n'etait pas plus effi cace. La combinaison de 
0.01 pour cent de DDS avec, soit la streptomy­
cine, soit le DPT, n'etait pas plus effi cace que 
la DDS seule. L'INH et Ie PAS temoignaient 
d 'une action antagoniste contre l' efFet anti­
bacterien de la DDS. 
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