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Further Studies of the Killing of
M. leprae by Aminoglycosides: Reduced

Dosage and Frequency of Administration'
Robert H. Gelber2

There have been a number of reports
demonstrating the activity of streptomycin
against Mycobacterium leprae infections in
mice and man (2-7. I. ". ' 6). Previously, we
reported ( 7) impressive killing of M. leprae
by kanamycin, streptomycin, and amikacin,
and a lack of significant bactericidal activity
for gentamicin and tobramycin. We also re-
ported ( 7 ) that the minimal effective mouse
dietary concentration of dapsone did not
potentiate the bactericidal activity of strep-
tomycin for M. leprae. In these studies ami-
noglycosides were administered in high
daily intraperitoneal doses. Unfortunately,
aminoglycosides are not absorbed per os.
Daily injections would not be operationally
feasible in many leprosy endemic locales.
Also, the high doses utilized in our previous
mouse studies might potentially be associ-
ated with renal or acousto-vestibular tox-
icity, especially ifrequired for prolonged pe-
riods. Thus the current studies, design&I to
investigate the bactericidal activity of strep-
tomycin and kanamycin at decreased doses
and frequencies of administration, were
conducted. Also, because rifampin has
proved the most potent bactericidal agent
against M. leprae infections in mice and man
and because for certain other experimental
mycobactcrial infections of mice the com-
bination of an aminoglycoside and rifampin
has proved synergistic ( 15), the bactericidal
activity of streptomycin and kanamycin
combined with rifampin was also assessed.

MATERIALS AND METHODS
In these studies we employed the pro-

portional bactericidal test ('). This method
involves inoculating groups of mice with
several dilutions of M. leprae, treating for
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a limited period, and then assessing bacte-
rial growth after a sufficient time has elapsed
for detectable growth to have occurred from
any surviving bacilli.

For the control and each treatment group,
four groups often female BALB/c mice were
inoculated in both hindfeet with 10', 10 2 ,
10 3 , and 104 M. leprae. For the strepto-
mycin study, the M. leprae inoculum was a
fast-growing strain of AI. leprae originally
obtained from an untreated lepromatous
patient and long maintained in mouse pas-
sage. For the kanamycin study, the inocu-
lum was obtained directly from a skin bi-
opsy of a previously untreated lepromatous
leprosy patient. In all instances, therapy
commenced the day following infection and
concluded 60 days later. In order to assess
different dosage levels, streptomycin and
kanamycin were administered intraperito-
neally (i.p.) 5 times weekly at 100 mg/kg,
50 mg/kg, 25 mg/kg, and 12.5 mg/kg. In
order to assess intermittent treatment,
groups of mice were treated with strepto-
mycin or kanamycin 100 mg 5 times week-
ly, 2 times weekly, weekly, every 2 weeks,
and monthly. Also, both streptomycin and
kanamycin 100 mg/kg i.p. were adminis-
tered to groups of mice monthly (three dos-
es) together with monthly rifampin 20 mg/
kg by gavage (three doses). Groups of mice
were also treated with both streptomycin
and kanamycin 100 mg/kg i.p. 5 times
weekly together with the same three month-
ly doses of rifampin. Lastly, the effect of
rifampin alone, 20 mg/kg, by gavage
monthly (three doses) was similarly studied.

One year after completion of therapy, Al.
leprae from usually ten foot pads from each
group of mice were enumerated by standard
techniques ("). Growth of M. leprae was
presumed to have occurred when M. leprae/
foot pad were 5 x 10 4 . The percent de-
crease in the size of the viable M. leprae
population, the percentage bactericide, was
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TABLE 1.^Streptomycin killing of M. leprae.

Treatment
MFP" with viable M. leprae/MFP

without live M. leprae Af. leprae killed
±S.E.b

10 4 102 10'

Controls 8/0 9/1 10/0 8/2
Streptomycin 100 mg/kg 5x weekly 9/I 10/0 4/6 0/10 96% ± 2%
Streptomycin 50 mg/kg 5x weekly 10/0 4/0 5/3 1/3 85% ± 12%
Streptomycin 25 mg/kg 5x weekly 6/0 9/1 6/4 0/10 94% ± 4%
Streptomycin 12.5 mg/kg 5x weekly 8/0 8/0 8/2 0/10 87% ± 6%
Streptomycin 100 mg/kg 2x weekly 6/0 7/0 3/5 76% ± 16%
Streptomycin 100 mg/kg 1 x weekly 8/0 4/0 10/0 0/2 80% ± 9%
Streptomycin 100 mg/kg once every 2

weeks 8/0 10/0 10/0 -80% ± 8%
Streptomycin 100 mg/kg once monthly 6/0 9/1 1584% ± 7%
Rifampin 20 mg/kg day 1, 30, 60 9/I 7/3 9/1 94% ± 4%
Streptomycin 100 mg/kg day 1, 30, 60 plus

rifampin 20 mg/kg day 1, 30, 60 2/8 1/9 0/10 99.96% ± 0.02%
Streptomycin 100 mg/kg 5x weekly plus

rifampin 20 mg/kg day 1, 30, 60 3/5 3/7 0/10 0/10 99.91% ± 0.06%

MFP = mouse foot pad.
b The percentage bactericide was calculated by the Spearman and Kiirber method ('').

calculated by the method of Spearman and
Kiirber ( 13).

RESULTS
The results of the study with streptomy-

cin are presented in Table 1. The strain of
M. leprae was 96 ± 2% killed by strepto-
mycin 100 mg/kg 5 times weekly, which is
remarkably similar to the 97 ± 2% bacte-
ricide found by us previously for another
strain of Al. leprae following treatment with
streptomycin 150 mg/kg daily. A reduced 5
times weekly dosage of 50 mg/kg, 25 mg/
kg, and 12.5 mg/kg retained bactericidal ac-
tivity of 85 ± 12%, 94 ± 4%, and 87 ± 6%,
respectively, which although less active than
100 mg 5 times weekly, was not significantly
so. Reducing the frequency of administra-
tion of streptomycin from five times weekly
to twice weekly and once weekly was as-
sociated with significant but reduced bac-
tericidal activity (p < 0.02). Unfortunately,
all of the mice injected with 10' M. leprae
and treated with streptomycin 100 mg every
2 weeks and monthly died; hence, the per-
centage bactericide can only be expressed as

80% and 84%, respectively. It is note-
worthy that while monthly rifampin was
found 94 ± 4% bactericidal, the combina-
tions of monthly rifampin with monthly
streptomycin and monthly rifampin plus 5
times weekly streptomycin were more bac-
tericidal, 99.96 ± 0.02% and 99.91 ± 0.06%

bactericidal, respectively, than either agent
alone (p < 0.01).

The kanamycin study was seriously flawed
by the poor viability of the M. leprae strain
utilized. In this study, kanamycin 100 mg/
kg 5 times weekly was found 89 ± 6% bac-
tericidal. Decreased dosages (50 mg/kg, 25
mg/kg, and 12.5 mg/kg) 5 times weekly ap-
peared inactive. A decreased frequency of
administration was also associated with no
significant bactericidal activity. In this study,
rifampin 20 mg/kg monthly resulted in sig-
nificant killing, 89 ± 7% bactericide. For
the two regimens of kanamycin plus rifam-
pin, even those mice inoculated with 10 4 M.
leprae did not demonstrate viable bacilli af-
ter therapy, and thus the percent bactericide
is expressed as 93% and 94%. Although
not statistically significant, once again the
two combination regimens of kanamycin
and rifampin were found more active than
either drug alone.

DISCUSSION
Previously, Pattyn (9) found no significant

difference in streptomycin's ability to in-
hibit M. leprae multiplication in mice if it
was given 1, 2, or 3 times weekly. In our
studies, despite reduced dosage and fre-
quency of administration, streptomycin's
bactericidal activity for Al. leprae in mice,
though reduced, is largely retained. This does
not appear to be the case for kanamycin.
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TABLE 2.^Kanamycin killing qf M. leprae.

Treatment
MFP' with viable Al. frprae/MFB

without live Al. /eprae M. feprae killed
±S.E."

10' 10' 10' 10'

Controls 5/5 10/10 0/6 4/12
Kanamycin 100 mg/kg 5 x weekly 3/13 0/18 0/10 0/18 89% ± 6%
Kanamycin 50 mg/kg 5 x weekly 6/4 4/6 0/10 44% ± 42%
Kanamycin 25 mg/kg 5 x weekly 5/5 4/6 2/8 0/10 29% ± 58%
Kanamycin 12.5 mg/kg 5 x weekly 5/5 4/6 4/6 0/4 11"h ± 75%
Kanamycin 100 mg/kg 2 x weekly 8/2 4/6 0/10 11% ± 64%
Kanamycin 100 mg/kg I x weekly 8/2 7/3 2/6 1/9 75% ± 21%
Kanamycin 100 mg/kg every other week 10/0 4/6 1/9 0/10 44% ± 39%
Kanamycin 100 mg/kg I x monthly 9/I 7/3 1/9 1/9 72% ± 21"h
Rifampin 20 mg/kg day 1, 30, 60 2/8 1/9 0/10 89% ± 7%
Rifampin 20 mg/kg plus kanamycin 100

mg/kg day I, 30, 60 0/10 1/9 0/8 0/10 ^ 93% ± 4%
Rifampin 20 mg/kg day 1, 30, 60 plus kana-

mycin 100 mg/kg 5 x weekly 0/10 0/10 0/10 -94°/o ± 3%

MFP = mouse foot pad.
"The percentage bactericide was calculated by the Spearman and Kiirber method (").

The differences between reduced dosages of
streptomycin and kanamycin found in these
two studies could be a result of varying ami-
noglycoside sensitivities of the two strains
studied or, alternatively, a significant dif-
ference between streptomycin and kana-
mycin pharmacokinetics in mice. While 100
mg streptomycin i.p. in mice results, after
distribution, in peak plasma levels approx-
imating those in man following the custom-
ary 1.0 g intramuscular (i.m.), 40 pg/m1(`' ' 7 ),
and is cleared from the plasma with a half-
life of 2-3 hr in both species ( 8  ' 7 ), kana-
mycin's pharmacokinetics in man are quite
different from those in the mouse. While in
mouse and man once again peak plasma
levels in the two species following 100 mg
i.p. in mice and a customary 500 mg i.m.
dose in man are quite similar (s• 18), 30 pg/
ml, kanamycin has a plasma half-life in man
of 4 hr (s) and a plasma half-life in mice of
less than 0.5 hr ( 8). Thus, it might be that
in these studies very rapid clearance of kan-
amycin in mice accounts for its loss of ac-
tivity by both decreased dosage and fre-
quency of administration; while a sufficient
time-concentration product at the ribo-
somal site of drug action is retained for
streptomycin by similar reductions in dos-
age and frequency of administration. Fur-
thermore, the more favorable pharmaco-
kinetics of kanamycin in man might negate
the differences found in these animal studies
by reduced dosages between kanamycin and

streptomycin, resulting in kanamycin's being
an equally potent agent for Al. leprae in man
by such dosage manipulations.

Of considerable importance is that even
the largest doses of both streptomycin and
kanamycin used in these studies yielded
plasma levels in mice that are no greater
than those experienced by patients receiving
the usual and customary i.m. doses of these
agents. Also, encouraging for the clinical ap-
plication of certain aminoglycosides to the
therapy of leprosy is the clinical trial in lep-
romatous leprosy in Malaysia, wherein dai-
ly i.m. streptomycin resulted in clinical im-
provement comparable to dapsone, a fall in
the morphological index similar to that fol-
lowing dapsone, and a loss of mouse foot
pad infectivity of skin-biopsy specimens that
was somewhat faster than with dapsone ( 16).

Most noteworthy in this study is the con-
sistently increased bactericidal activity
found for rifampin plus aminoglycosides as
compared to either agent alone. Such com-
binations appear at least additive and likely
synergistic. The same cannot be said to be
consistently true in mice for combinations
of rifampin with dapsone or ethionamide
( 17). It is encouraging in these studies that
the increased activity of rifampin with
kanamycin or streptomycin can be dem-
onstrated in mice even by monthly admin-
istration. Since monthly supervised rifam-
pin has been recommended by the World
Health Organization ( 19) and is frequently



55, 1^Gelber: Killing of M. leprae by Aminoglycosides^81

utilized in the therapy of leprosy, the ad-
dition of monthly streptomycin might prove
even more efficacious. Furthermore, strep-
tomycin acts at a different locus than estab-
lished antimicrobial agents that have been
found to be similarly active against M. lep-
rae and, hence, may be an acceptable alter-
native agent in multidrug regimens. Because
undesirable side effects and intolerance to
dapsone, clofazimine, and ethionamide are
certainly not uncommon, the options that
aminoglycosides offer in the therapy of lep-
rosy require consideration in selected cases.
Monthly supervised rifampin and strepto-
mycin would also have the advantage of
supervised multidrug therapy without nec-
essarily employing an agent such as clofa-
zimine, which remains cosmetically unac-
ceptable in many parts of the world.

SUMMARY
The bactericidal activity of the amino-

glycoside antibiotics streptomycin and
kanamycin for Mycobacterium leprae in
mice was assessed, both alone and in com-
bination with rifampin, utilizing various
dosage schedules. As in previous studies,
100 mg/kg five times weekly of strepto-
mycin and kanamycin resulted, respective-
ly, in 96% ± 2% and 89% ± 6% bactericide.
Reducing the dosage of streptomycin to 50
mg/kg, 25 mg/kg, and even 12.5 mg/kg re-
sulted in less but significant bactericidal ac-
tivity. Such a reduction of kanamycin dos-
age resulted in no significant bactericidal
activity. Reducing the frequency of admin-
istration of streptomycin (100 mg/kg) to
twice weekly and once weekly resulted in a
decreased but still significant killing of M.
leprae; for kanamycin such a reduction in
frequency of administration resulted in loss
of bactericidal activity. Streptomycin when
combined with rifampin was found more
bactericidal than either drug alone, even
when each was administered only once
monthly.

RESUMEN
Se estudiO la actividad bactericida de la estrepto-

micina y de Ia kanamicina sobre el Mycobacterium
leprae en el ratOn usando las drogas solas o en corn-
binaciOn con rifampina a varias dosis y esquemas de
administraciOn. Como en estudios previos, la estrep-
tomicina y la kanamicina en dosis dc 100 mg/kg cinco
dias a la semana, tuvieron una potencia bactericida del

96 ± 2% y 89 ± 6%, respectivamente. La reducciOn
de las dosis de estreptomicina a 50 mg/kg, 25 mg/kg,
y ann 12.5 mg/kg, diO como resultado una menor pero
significativa actividad bactericida. Una reducciOn si-
milar en la dosis de kanamicina hizo que esta perdiera
su actividad bactericida. Reduciendo la frecuencia de
administraciOn de estreptomicina (100 mg/kg) a dos y
a una veces por semana, se encontrO una disminuida
pero aim significante capacidad bactericida sobre el M.
leprae; para la kanamicina tal reducciOn en Ia frecuen-
cia de administraciOn diO como resultado una perdida
de Ia actividad bactericida. La estreptomicina corn-
binada con rifampina fue mas bactericida que cual-
quiera dc las drogas solas, aun cuando su administra-
ciOn se hiciese solo una vez por mes.

RESUME

On a evalue chez la souris l'activite bactericide pour
.Ilycobacterium leprae de deux aminoglycosides dotes
de proprietes antibiotiques, la streptomycine et Ia ka-
namycinc, a des posologies variCes, en administration
exclusive ou en combinaison avec Ia rifampine. Ainsi
qu'on l'avait note dans les etudes antérieures, Ia strep-
tomycine et la kanamycine a des doses de 100 mg/kg,
cinq fois par semaine, ont temoigne d'activitês bac-
tericides respectives de 96% ± 2% et de 89% ± 6%.
Une reduction des doses de streptomycine 0 50 mg/kg,
a 25 mg/kg, et meme 0 12,5 mg/kg, a abouti a une
activite bactericide moindre mais toutefois encore no-
table. Une reduction similaire du dosage de Ia kana-
mycine supprimait l'activite bactericide. Lorsqu'on di-
minuait la frequence de ('administration de Ia
streptomycine, 0 Ia dose de 100 mg/kg, a deux admi-
nistrations hebdomadaircs, et meme a une seule admi-
nistration au sours de la semaine, on observait une
reduction dans le pouvoir bactericide contre leprae,
mais celui-ci elan cependant encore significant'. Par
contre, avec la kanamycine, une telle diminution de Ia
frequence d'administration a entrains une perte du
pouvoir bactericide. La streptomycine, en combinai-
son avec la rifampine s'est revelee plus bactericide que
l'un ou l'autre de ces medicaments (tonnes seuls, et ceci
mane lorsque ces medicaments etaient administres
une seule fois par moil.
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