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INTRODUCTION

The effectiveness of the sulfones in the treatment of human
leprosy is well known (9, 11), The antileprosy activity of strep-
tomycin has been reported by several workers (6, 9, 11, 18),
However, the action of these drugs on murine leprosy is still
not established. Promin has been reported to have an inhib-
itory action on rat leprosy (2, 5) and on mouse leprosy (8).
Diasone has been considered effective in rat leprosy when ad-
ministered intraperitoneally (18), but ineffective when given
subcutaneously (2). It was also ineffective in mouse leprosy
(8). Antileprosy activity was demonstrated by 4,4’-diamino-
diphenyl sulfone (DDS) in rat leprosy (7, 13, 14), and in intra-
cerebrally-infected mouse leprosy (10), but was not shown in
intraperitoneally-infected mouse leprosy (8).

A similar uncertainty also appears regarding chemotherapy
with streptomycin or dihydrostreptomycin. This antibiotic has
been reported ineffective in rats and mice inoculated by the
usual routes (2, 4, 8), but definitely effective in mice inoculated
intracerebrally (10).

As these compounds have been widely used in the treatment
of leprosy, their chemotherapeutic actions in murine leprosy
seem to merit careful study.

Recently isonicotinic acid hydrazide and its propyl deriva-
tive have been proved of suppressive value in experimental and
clinical tuberculosis (1, 17, 21), It is, therefore, important to
know whether they will reveal similar activity in the leprosy
field. Clinical trials of these drugs have been undertaken in
many places (23), but experimental data on murine leprosy are
lacking.

The chemotherapeutic methods used by different investiga-
tors in the study of murine leprosy have not been uniform. In
some studies rats have been used, in others mice. Various routes
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of inoculation have been employed, i.e., subcutaneous, intra-
muscular, intraperitoneal, and intracerebral. The periods of
treatment have ranged from 28 days to 18 months, and the
basis of evaluation of activity has not been uniform. These
variations may be responsible, in whole or part, for the con-
flicting results which have been reported. It seems clear that,
unless a reliable technique is developed, uniformity can hardly
be accomplished.

During the past one-and-one-half years we have studied the
chemotherapeutic actions of various drugs on intraperitoneally-
infected mouse leprosy, and a simple and reliable test has been
developed (3). The present report is concerned with studies of
the actions of sulfones (DDS and diasone), streptomycin, and
their combinations; isonicotinic acid hydrazide (Nydrazid) and
1-isonicotinyl-2-isopropylhydrazine (Marsilid) are also included.

METHODS AND MATERIAL

The technique of chemotherapeutic assay in the intraperitoneally-in-
fected mouse has been described (?). The treatment usually is started on
the day after inoculation, although in some instances it has been delayed or
interrupted due to shortage or toxicity of drugs. Streptomycin has been
given daily by subeutaneous injection, 5 days a week. The other drugs have
been mixed in the food.

The drugs used were obtained from the following sources: streptomycin
sulfate from Merck & Co.; 4,4-diaminodiphenyl sulfone and diasone sodium
phosphate from the Abbott Laboratories; Nydrazid from E. R. Squibb &
Sons; and Marsilid from Hoffmann-LaRoche.

In the four successive experiments reported on in this article, the young
female white mice of the National Institutes of Health general-purpose
strain, weighing 20*=2 gm., were used in groups of 20. Inoculations were
intraperitoneal, 0.5 ml. of the seed suspensions. In each experiment one
group of inoculated mice was left untreated as the leprosy control, and one
group of uninoculated, untreated animals was used to obtain normal
weights. In certain of the experiments drug-toxicity control groups were
used.

Experiment 1.—In this first experiment streptomyein and DDS were
tested separately. The dose of streptomycin was 3 mgm.; the food concen-
tration of DDS was 0.01 per cent. The animals were inoculated on March
12, 1951, with a suspension made from the omenta and pelvic fatty pads of
5 mice inoculated intraperitoneally 4% months previously. The experiment
was terminated June 11 to 14, 1951.

Experiment 2—The drugs used in this experiment were streptomycin,
in the 3 mgm. dose; DDS, 0.1% concentration; diasone, 0.3%; streptomycin
and DDS in the same dosages as when used alone; and streptomycin and
diasone, also in the same dosages. The mice were inoculated on August
20, 1951, with a suspension of the usual lesions from 4 mice infected 5
months before. The experiment was terminated between November 26 and
December 3, 1951.
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Experiment $.—In this experiment, a repetition of the second one, the
four treated groups received streptomycin, DDS, diasone, and streptomyecin
and DDS combined, in the same dosages as before. Two uninfected drug-
toxicity control groups were included, for streptomycin alone and DDS
alone. The inoculations were made on January 7, 19562, the inoculum a
suspension of lesions from 3 mice infected 4% months previously. The
experiment was terminated April 14 to 21, 1952,

Experiment 4.—This experiment was aimed to determine the effects
of Nydrazid and Marsilid in different dosages in comparison with the
streptomyecin-DDS combination. Two groups of mice received Nydrazid in
0.014 per cent concentration, and two others in 0.028 per cent concentra-
tion; similarly, two groups received Marsilid in 0.2 per cent concentration,
and two groups in 0.028 per cent concentration; for the streptomycin-DDS
group, the former was given in doses of 2 mgm. (instead of the usual 3
mgm.), the latter in the usual 0.1 per cent concentration. Two uninfected
toxieity eontrol groups were included, one receiving Nydrazid in the 0.028
per cent concentration, the other receiving Marsilid in the 0.2 per cent
concentration. The inoculum was a suspension of lesions from 3 mice in-
fected 4% months previously. The inoculations were made on May 15,
1952; the treatment was started on the following day except for the Mar-
silid groups, which began 10 days after inoculation; the experiment was
terminated August 18 to 25, 1952.

The leprosy index, the bacillus index, and the chemotherapeutic effec-
tiveness index (I.C.E.) shown in the tables have been arrived at as ex-
plained in the first article of this series (3).

RESULTS

In the first experiment, in which streptomycin and DDS
were tested separately, the former was found effective in the
suppression of the leprous growth, As shown in Table 1, the
weights of the omenta and pelvic fatty pads of the treated

TABLE 1.—Chemotherapy of mouse leprosy, Experiment 1; evaluation of
streptomyein and DDS, separately.

Number | Body | Weight of | Weight of

Drug Dose died/ | weight | omentum, |pelvic fatty| Bacillus
used gm. gm. pads, gm, | index
Normal mice 0/20 25.2 0.02 0.84
Untreated leprosy
control 1/20 25.7 0.19 1.60 19.7
Streptomycin 3 mgm. | 2/17 27.5 0.09 1.05 18.2

DDS 0.01% | 3/20 25.8 0.27 1.40 20.5

Note.—(a) All figures for weights and indices in this and the other
tables represent averages for each group except where otherwise noted.
(b) In all instances streptomycin was given by daily subcutaneous injec-
tion, 5 days a week; all other drugs were incorporated in the food in the
concentrations indicated.



60 « International Journal of Leprosy 1953

group were considerably less than those of the untreated con-
trols, although the difference in the bacillus indices of these
two groups was not striking. Five out of 20 mice of the strep-
tomycin-treated group died during the course of this experi-
ment. Three of them were killed by accidents, and two died of
pneumonia on the 46th and 63rd days of the infection. The
remainder were sacrificed at the end of the experiment.

DDS in a concentration of 0.01 per cent in the diet did not
show any inhibitory action. Three animals of this group died
of respiratory infection in the early days of the experiment.

In the second experiment (Table 2), the inhibitory action
of 3 mgm. of streptomycin was confirmed. As in the first ex-
periment, the weights of the omenta and the pelvic fatty pads
were markedly less than those of the control group, and the
leprosy indices for the individual organs were likewise con-
siderably smaller. The total leprosy index for the whole group
was about one-third of that of the control. This gives a clear-
cut presentation of the inhibitory action of streptomycin in
mouse leprosy. :

While the small dose of DDS used in the first trial, 0.01 per
cent concentration, was ineffective, the larger dose used here,
0.1 per cent, was highly effective. The total leprosy index was
approximately one-fourth of that of the control and slightly
superior to that for streptomycin.

Diasone, a derivative of DDS, showed definite antileprosy
activity. It was less effective than its parent compound, al-
though the dose used was approximately equivalent to that of
DDS (36% of DDS was found by assay in diasone sodium
phosphate).

An additive inhibitory action was obtained from the com-
bined treatment of streptomycin and DDS, The index of chemo-
therapeutic effectiveness of this combination was 5, and only
about 3 for each drug singly. On the other hand, the combina-
tion of streptomycin with diasone differed little in action from
that of streptomycin alone. This will be discussed later.

Streptomycin and DDS were well tolerated in this experi-
ment. One out of 20 of the streptomycin-treated group died of
respiratory infection in the early days of the experiment. One
of the control mice died within the first month from inter-
current disease. The average weight of the diasone-treated an-
imals was lower than that of the controls, There were no deaths
in the combined-treatment groups.

In this experiment, the weights of omentum and pelvic fatty
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pads were in agreement with the total leprosy index. This is
true usually of the weight of the omentum. The weight of pel-
vic fatty pads, however, varies greatly in normal mice and is
probably dependent primarily upon the nutritional state. In
infected mice the extent of involvement of the pads also varies
greatly. The leprosy index reflects the quantity of leprous tissue
in various organs and is a more precise guide than weights.

The third experiment was a repetition of the second one,
to confirm the anti-leprosy activity of these compounds. Sim-
ilar inhibitory effects were obtained, except that the activity
of streptomycin was slightly stronger than that of DDS (Table
3). Diasone revealed low activity, as before. The combination
of streptomycin and DDS remained the most effective, show-
ing the same degree of chemotherapeutic effectiveness as in
the second experiment. The appearance of the leprous tissues
is shown in Plate 2.

Three out of the 20 mice of the untreated leprosy control
group died in this experiment. One died of intercurrent infec-
tion about 2 months after inoculation. Two died just before
the termination of the experiment, with a tremendous amount
of leprosy growth over the abdominal viscera; death was ap-
parently caused by the leprosy infection.

Streptomycin showed definite toxicity in the two leprosy
groups of this experiment. Depression of physical activity and
loss of body weight occurred in the third and the fourth weeks
of the treatment. The antibiotic was suspended during the fifth
week, and the animals then recovered completely. In the DDS
group one animal died of respiratory infection 25 days after
inoculation. Diasone was well tolerated.

In the toxicity controls of streptomycin and DDS included
in the experiment, the drugs were given to normal mice for 3
months. The streptomycin group showed some toxic symptoms
in the early period; three animals died on the 28th, 53rd and
61st days of the experiment. The 0.1 per cent DDS group also
had 3 deaths: 2 on the 21st and 1 on the 25th day, due to
intercurrent diseases. Enlarged, dark spleens were the only
pathological findings in the animals given the sulfones. No
gross pathological changes were found in the streptomycin-
treated animals.

Based on the evidence of this experiment, the inhibitory ac-
tion of DDS, streptomycin, diasone, and the streptomycin-DDS
combination in mouse leprosy seems to be definitely proved.
Their comparative activities in terms of average chemothera-
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peutic effectiveness are as follows: streptomycin-DDS com-
bination, 4.9; DDS, 3.2; streptomycin, 3.1; diasone, 1.9.

In the fourth experiment, in which the actions of Nydrazid
and Marsilid on mouse leprosy were studied—administration of
Marsilid being unavoidably delayed for 10 days—two different
doses of each drug were tested in a total of 160 mice, using
40 mice (2 groups) for each dose. As the standard of refer-
ence, one group was treated simultaneously with 2 mgm. strep-
tomycin combined with 0.1 per cent DDS, the dose of strepto-
mycin being reduced because of the toxicity observed in the
third experiment,

Unfortunately, the animals of the Nydrazid-treated groups,
one Marsilid-treated group (Group A of small dose), and one
spare untreated leprosy group were attacked by a respiratory
infection about three weeks after the inoculation. They were
thin, nervous, and lost weight. Labored respiration showed in
the severe cases, Congested lungs and mottled liver were the
main findings. The control groups were free from the infection.

The isonicotinylhydrazines were discontinued twice for a
total of 15 days in the second month of the experiment. The
respiratory infection was controlled in the majority of the
animals, but mild symptoms persisted in some mice. Penicillin
was then given in the drinking water, in a concentration of
100 units per ml., to all the affected groups mentioned for two
weeks in the later part of the experiment. All the animals were
healthy in appearance at the time of autopsy. The total num-
ber of deaths in all eight groups treated with isonicotinylhy-
drazines was 26; 23 were caused by the respiratory infection,
and 3 by accidents.

Some nervous symptoms and impairment of appetite were
observed in the toxicity-control groups. The drugs were given
continuously, without interruption, and no penicillin was given.
Five of 20 mice of the Nydrazid group (0.028%) died in the
middle part of the experiment. The Marsilid group (0.2%)
had one death at the beginning of the experiment. Dark spleens
were found in all the Marsilid-treated animals.

It is possible that the resistance of infected animals was
lowered by the drugs, making them susceptible to the inter-
current infection. Discontinuance of the drugs for 15 days
apparently controlled this condition but it probably played an
important role in producing the high mortality rate of this
experiment, because the same respiratory disease occurred also
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in one spare untreated group with a mortality approaching the
above-mentioned rate,

In spite of this complication, the antileprosy activity of the
isonicotinylhydrazines was remarkable (Table 4). The leprosy
infection was retarded in each animal of all the eight groups.
Gross pathological lesions were so scanty that one could find
nothing abnormal except some tiny leprous nodules over the
mesentery or omentum. Nydrazid in the larger dose revealed
high activity in the suppression of leprous growth, but it was
less potent than the larger dose of Marsilid. The smaller doses
of these two compounds also showed definite effectiveness;
0.4-0.6 mgm. of Nydrazid or 0.8-1.1 mgm. of Marsilid per mouse
per day had a chemotherapeutic effectiveness only slightly less
than that of streptomycin or DDS.

Photographs of the omenta and pelvie fatty pads of the
treated and untreated groups, shown in Plate 3, illustrate these
findings.

Histological sections showed very few leprosy lesions in the
animals treated with the larger doses of the isonicotinylhydra-
zines, Small leprous foci were found at the site of inoculation,
in the omentum, the retroperitoneal lymph nodes, the pelvie
fatty pads and occasionally in the liver and spleen. Scattered
acid-fast bacilli were found in all these areas except the last
two. They were mostly extracellular, and typical lepra cells
were rare. Some degenerated acid-fast bacilli and acid-fast
granular masses were seen. No leprosy lesions were found in
the heart, lung, kidney, intestine or thymus. The histological
findings suggested that active multiplication of M. leprae mu-
ruwm was suppressed. Some degeneration of the acid-fast bacilli
seemed to have occurred where they were present after three
months of treatment with these drugs.

Regarding the group of mice treated with streptomycin (2
mgm.) combined with DDS, an additive action was again ob-
tained, but the activity was slightly less than that shown by
the 3 mgm. dose of streptomycin in the combined therapy of
the earlier experiments.

No eradication of the infection has been obtained in the
treated animals. Even in the most favorable response, acid-fast
bacilli were still found in various tissues. Whether the organ-
isms were dead or alive was not determined.

In the first experiment, the bacillus index was based upon
nine smears from each mouse. No significant differences were
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found between the control group, the group given 3 mgm. of
streptomycin and that given 0.01% DDS.

In the third and fourth experiments, because of the labor
involved, bacillus indices were based upon nine smears from each
of two mice of each group. In this experiment, the indices point
to suppressive action of 3 mgm. of streptomycin, 0.1% DDS and
their combination in these dosages, but not of 0.3% diasone.
In the fourth experiment the bacillus index was definitely lower
in all treated groups than in the control, but does not indicate
differences in effectiveness of the various drugs.

Further study of the bacillus index is necessary but from
these experiments it appears that whereas the leprosy index
distinguishes between drugs of variable effectiveness in sup-
pressing murine leprosy, the bacillus index does not.

Table 5 summarizes the results of all the four experiments.
Drug activity was proportional to the size of the dose. If the
drugs are compared according to their maximum tolerated
doses, which are approximately the same as the highest doses
used in the experiments, the order of their antileprosy activity
would be as follows: Marsilid, Nydrazid, streptomycin com-
bined with DDS, DDS, streptomycin, diasone.

TABLE 5.—Combined results of the antileprosy activity of the drugs tested
in Experiments 2, 3 and .

Number Index of
Drug Dose of mice chemotherapeutic
used effectiveness

Marsilid 0.2% 40 10.1
Nydrazid 0.028% 40 5.8
Streptomyein 3 mgm.

and DDS 0.1% 40 4.9
DDS 0.19 40 3.2
Streptomycin 3 mgm. 40 3.1
Marsilid 0.028% 40 2.5
Nydrazid 0.014 %, 40 24
Diasone 0.3% 40 1.9

DISCUSSION

Within each group the variations of the extent of the lep-
rous lesions in individual animals were great. The best way
to reduce the influence of these variations on the experimental
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results is to use large numbers of animals. A total of 640
mice has been used in this study, and in each experiment the
groups were of sufficient size to give statistical validity to the
results.

Penicillin was used in one of the experiments to combat a
respiratory complication. The question of whether the admin-
istration of this antibiotic in drinking water for two weeks had
any influence on our test merits consideration. An adequately
controlled experiment was not done, but the evidence obtained
indicates that penicillin has no effect on the progress of murine
leprosy.

Since the antileprosy activity of the several drugs used can
be repeatedly demonstrated almost quantitatively in mouse lep-
rosy, the test employed may be considered to give reproducible
results. The material for inoculation can be obtained con-
veniently and adequately from infected mice. The assay method
is simple, and definite results can be obtained in a reasonably
short time.

Smith and his associates (20) of this laboratery, reported
that several of the DDS derivatives showed a potentiating
action with streptomycin in guinea-pig tuberculosis. As re-
ported in the present paper, an additive action was obtained
with the combination of streptomycin and DDS in mouse lep-
rosy. Encouraging clinical results with the use of streptomycin
combined with sulfones have been reported in tuberculosis (12,
15, 16, 22), and in leprosy (6, 11, 18),

Diasone given orally was not as effective as DDS in these
experiments. The former was mixed with sodium phosphate.
It is known (19) that the absorption of diasone from the gut
is poor, which may explain its low efficacy in the treatment of
mouse leprosy.

Of the drugs tested, the isonicotinylhydrazines have been
found to possess the highest antileprosy activity in mouse lep-
rosy. Studies are in progress to determine whether the com-
bination of isonicotinylhydrazines with streptomycin or with
DDS will give a potentiating action.

SUMMARY

A comparison has been made of the antileprosy activity of
streptomyein, 4,4’-diaminodiphenyl sulfone (DDS), diasone, Ny-
drazid (isonicotinic acid hydrazide), and Marsilid (1-isonico-
tinyl-2-isopropyl hydrazine) in mouse leprosy, employing the
intraperitoneally-infected mouse.
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The isonicotinylhydrazines were found to be the most effec-
tive of these drugs in the suppression of the leprosy infection.

Streptomycin was found to have a degree of activity similar
to DDS; diasone was the least active.’

Combined therapy with streptomycin and DDS showed an
additive effect.

The order of the antileprosy activity of these different drugs
was as follows: Marsilid, Nydrazid, streptomyein combined with
DDS, DDS, streptomycin, diasone.

RESUMEN

Se compardé la actividad antileprosa de las drogas estreptomicina,
4 4-diamino-diphenyl sulfone (DDS), diasone, nydrazid (isonicotinic acid
hydrazide) y marsilid (1-isonicotinyl-2-isopropyl hydrazine) en la lepra
murina, empleindose el ratoncillo infectado por via intraperitoneal.

Las isonicotinylhydrazines fueron las mads efectivas en la supresién de
la infeccién leprosa.

La estreptomicina tuvo una actividad comparable al DDS, el diasone
fué la droga menos activa.

Terapia combinada de estreptomicina y DDS demostrd effecto aditivo.

El orden de actividad anti-leprosa de estas drogas fué como sigue:
marsilid, nydrazid, estreptomicina combinada con DDS, DDS, estrepto-
micina, diasone.
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PrATE 2.

Comparison of the pelvie fatty pads and the omenta of untreated and
treated leprosy mice three months after infection, Experiment 3. In each
pair of pictures the upper one is of the pelvic fatty pads, the lower one of
the omenta.

F1c. 1. Leprosy control group, untreated.

F1c. 2. Streptomyecin group, the lesions distinetly smaller than those
of the controls, and slightly smaller than those of the DDS group (Fig. 3).

Fi16. 3. Sulfone (DDS) group.

F1c. 4. Streptomycin-DDS groups, showing an additive effect of the
combination of these two drugs. (Dosage of streptomyein, 3 mgm.)

Note that the leprous tissues of the treated groups are smaller and
smoother than those of the control group.






Prate 3.

Comparison of the pelvie fatty pads and the omenta of untreated and
treated leprosy mice three months aiter infection, Experiment 4. In each
pair of pictures the upper one is of the pelvic fatty pads, the lower one of
the omenta.

Fic. 5. Leprosy control group, untreated.

Fic. 6. Streptomycin-DDS group, showing the same additive effect
as in Fig. 4. (Dosage of streptomyein, 2 mgm.) E

Fic. 7. Nydrazid-treated mice, Group A of the 0.028 per cent dosage.
The results with this drug are superior to those with the combination of
streptomycin and DDS,

Fic. 8. Marsilid-treated mice, Group B of the 0.2 per cent dosage.
Note the apparently normal appearance of the tissues in this group.






