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A Radiometric Method for Predicting Effectiveness of 

Chemotherapeutic Agents in Murine Leprosy I, 2 
j . 3 

E. E. Camargo, S. M. Larson, B. S. Tepper and H. N. Wagner, Jr. 

Drug susceptibility of M . lepraernuriurn 
has been extensively used to screen sub­
stances which might be active against M. 
leprae ( 2-9. 14-18). This model is used because 
of the biologic similarities of M. lepraernuri­
urn and M. leprae, the cau sative agent s of 
murine and human leprosy respectivel y 
(18.21). Although neither organism can be 
cultured in cell-free media, M. lepraernuriurn 
is easier to study in the laboratory because it 
can be grown more conveniently in larger 
numbers in murine hosts . 

Most of the models to evaluate M. leprae­
rnuriurn susceptibility to drugs involve inocu­
lation into mice , and since the organisms 
grow slowly, at least three months of obser­
vation are required before drug effect can be 
determined (1 ). 

In 1969, a sensitive radiometric method 
for the detection of bacterial metabolism 
was introduced by DeLand and Wagner 
('1 2. 13) . The tech n ic measures 14CO 2 pro­
duced by the bacterial metabolism of 14C_ 
labeled substrates . Recently, it has been 
shown that pure suspensions of M . leprae­
rnuriurn are metabolically active ( 21). Based 
on these observations, a radiometric method 
has been developed which permits rapid de­
tection of the metabolism of M . lepraernuri­
urn by measuring the 14C0 2 produced by 
conversion of acetate-U-14C or glycerol­
U-14C (I). 

The current paper reports the application 
of this radiometric technic to the rapid eval­
uation of the susceptibility of M . lepraernu­
riurn to a series of drugs. 
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MATERIALS AND METHODS 

Preparation of the bacilli. M . lepraernuri­
urn (Hawaiian strain) was harvested from in­
fected livers of female CBA / J mice (Jackson 
Laboratories) which had been inoculated in­
tra peritoneally and intravenou sly three to 
four months previous with S x 108 bacteria. 
The bacteria were separated from tissue 
components using the technic of Tepper and 
Varma (2 1). At the end of this procedure, the 
bacteria were suspended in steri le water at 
a final concentration of I x 109 bacteria l mI. 

Buffer system. The simple K-36 buffer of 
Weiss ( 22 ) (O.IM KCl, O.OIM NaCI, O.OSM 
KH 2 P0 4, pH 7.0) was used as a buffer sys­
tem solution for the bacteria. 

Drugs. The effect of the following drugs 
on the metabolism of M . lepraernuriurn was 
studied : bacitracin, cephaloridine, chloram­
phenicol, cycloserine, dactinomycin , dap­
sone (DDS), ethionamide, isoniazid (lNH), 
kanamycin, methenamine mandelate (man­
delamine), nitrofurantoin, oxacillin, poly­
myxin B, rifampin (rifampicin), streptomy­
cin, sulfadimethoxine, and vancomycin (see 
Appendix). Except for dactinomycin (O .S 
mg/ vial), the dose for all of the drugs was S 
mg / viaI. 

In a subsequent experiment, a combina­
tion of nitrofurantoin and ethionamide (S 
mg/ vial, each) was inoculated into four 
flasks containing I x \09 bacteria, suspended 
in K-36 buffer and into three flasks contain­
ing the complex NC-S medium ( I); four ex­
tra controls , two for each suspending medi­
um, without the drugs were also prepared. 
After IS days of incubation, the contents 
of these vials were pooled and 0. 1 ml was in­
oculated intraperitoneally into three CFW 
female mice. The same was done with the 
suspensions of the control vials. 

Reaction system. I n order to detect bacte­
rial metabolism, 10 ml of K-36 buffer were 
placed in a 20 ml multidose vial , along with 
S J..LCi of acetate-U-14C (New England Nu­
clear), I ml of the final suspension of bacte­
ria (I x 109 bacteria / vial) and the drug. All 
flasks were prepa red in duplicate. 
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FIG . I. Drug susce ptibility of M. lepraemuriurn . 

Controls without drugs were prepared in 
the same manner. In order to evaluate back­
ground levels and substrate stability, addi­
tional controls were prepared by adding au­
toclaved bacteria to vials which contained 
K-36 buffer and acetate-U- 14C. 

Radiometric measurement. Vials were in­
cubated at 30° C and the 14C0 2 produced by 
bacterial metabolism was measured radio­
metrically. The details of operation of the 
measurement device (Bactec R-301 , John­
ston Laboratories) , have been published pre­
viously ( I). Measurement of the 14CO 2 pro­
duced in each vial was begun at 24 hours and 
continued until 15 days after inoculation. In or­
der to evaluate the effect of a particular drug 
on the metabolism of M. lepraemurium, the 
sum of the 14CO 2 produced in the presence 
of drug over the 15 day testing interval was 
compared to that produced in the control 
vials without drug. The data were expressed 
as percent control radioactivity or as "index 
unit" (where 100 = 0.025 J.tCi) representing 
the cumulative 14C0 2 production (I). 

Sterility testing. Sterility tests were per­
formed on all samples and consisted of sub­
culture on chocolate-agar and radiometric 
sterility testing with glucose-U-14C ( IO-IJ). 

RESULTS 

Several drugs inhibited the metabolism of 
M. lepraemurium as shown in Figure I. The 
inhibitory effect of the drugs increased as 
follows : bacitracin, rifampin, cephaloridine, 
DDS, kanamycin, sulfadimethoxine, oxacil­
lin, vancomycin, polymyxin B, cycloserine, 
mandelamine, chloramphenicol, IN H, ethi­
onamide and nitrofurantoin. 

Dactinomycin and streptomycin seemed 
to stimulate the metabolism of M. lepraemu-

rium. Ethionamide and nitrofurantoin had 
the most marked inhibitory effect on the 
metabolism of these bacteria (Fig. I) . INH 
and chloramphenicol also had a significant 
inhibitory action. 

The time course curves for the most effec­
tive drugs, ethionamide and nitrofurantoin 
are shown in Figure 2. The combination of 
these drugs , tested in a separate experiment 
was effe~tive both in the K-36 buffer (Fig. 3) 

. 
o 
z 

z 
Q 10 
~ 
u 
=> g 80 
<r 
D-

ON 60 

i"' 

CO NTR OL 

3 5 7 9 13 15 
DAYS 

FIG. 2. Susceptibility of M. lepraemurium to 
nitrofurantoin or ethionamide alone. 
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FIG. 3. Susceptibility of M. lepraemurium to a 
combination of nitrofurantoin and ethionamide in 
K-36 buffer. 

and in the NC-5 medium (Fig. 4). In the K-36 
buffer, after 15 days the activity in the vials 
which contained the combination of drugs 
was less than 5% of that of the controls (Fig. 
3); in the NC-5 medium, the activity was 
about 14% of that of the controls after 13 
days (Fig. 4). 

Four months later, the mice injected with 
drug-treated bacteria were free of lepromas; 
the control mice showed a small leproma in 



236 International Journal of Leprosy 1975 

60 
,/ 

/ . 
,/ 

- . ~;NTROL 

Pol ITROFURA NT OI N (:lm g) ... ETHION AM IDE ('m gl 

9 13" 

DAY S 

FIG . 4 .. Susceptibility of M. lepraemurium to a 
combination of nitrofurantoin and ethionamide in 
NC-5 medium. 

the site of injection. However, no histologic 
assessment was done on the sites of injection 
either in the drug-treated or in the control 
mice. 

As expected, 14CO Z production was not 
observed in the vials inoculated with auto­
claved bacteria. All sterility tests were 'neg­
ative. 

DISCUSSION 

The in vivo effect of a number of drugs on 
the growth of M. lepraemurium has been 
studied exhaustively in a mouse model by 
Chang ( 2-9), Hadler (14), Hadler and Mauri 
( 15. 16) and by Mauri et al (1 7). The technics 
employed in these studies required observa­
tion of the animals for a minimum of three 
months for interpretation of the effect of the 
drug. In contrast, the radiometric technic 
which is described in this paper determined 
the effect of 17 drugs on the metabolism of 
M. lepraemurium within 15 days . The data 
obtained were used to rank the drugs from 
maximum to minimum inhibition of the me­
tabolism of these organisms (Fig. I) . 

It is presumed that a positive radiometric 
test is important information because it 
would indicate that at least one of the met­
abolic reactions of M . lepraemurium would 
be blocked. However, drugs not effected by 
the radiometric method should be further 
tested by methods involving active mUltipli­
cation of these organisms. Therefore, it 
seems that this method has potential at least 
as a simple test for rapidly screening a large 
number of drugs or combination of drugs 
which might be effective against murine 
leprosy. 

It is difficult to draw conclusions about 

the effect of a particular drug on the in vivo 
growth of M. lepraemurium based solely on 
metabolic inhibition. However, in a limited 
number of experiments, the combination of 
the drugs which showed the greatest in­
hibition, nitrofurantoin and ethionamide, 
proved to be bactericidal in vitro . This effect 
has not been previously reported, although 
ethionamide alone has been shown to be 
bactericidal against M. leprae in mice foot 
pads (19). Based on the observation of the 
additive effect of ethionamide and nitrofu­
rantoin, a trial of the effect of this combina­
tion against M . leprae in the mouse foot pad 
may be warranted . 

At the time of this writing , the authors 
have just begun to study M . leprae using the 
radiometric method described. Studies are 
planned using M . leprae from lepromas har­
vested from the armadillo (20). This method 
would seem to be ideal for the study of M. 
leprae and it is hoped that a screening test 
can be developed based on the inhibition of 
the metabolism of M. leprae in vitro. Such a 
test may bring us another step closer to the 
ideal screening method for drugs active 
against human leprosy. 

SUMMARY 

A simple radiometric method has been 
developed for evaluating the effect of drugs 
on the metabolism of M. lepraemurium. The 
method is based on the measurement of the 
14CO Z produced through bacterial metabo­
lism of acetate-U- 14C. Seventeen drugs were 
tested : bacitracin, cephaloridine, chloram­
phenicol, cycloserine, dactinomycin, DDS, 
ethionamide, INH, kanamycin, methena­
mine mandelate, nitrofurantoin, oxacillin, 
polymyxin B, rifampicin, streptomycin, sul­
fadimethoxine and vancomycin. The drugs 
which caused most marked inhibition were 
chloramphenicol, INH , ethionamide and ni­
trofurantoin in order of increasing effective­
ness. 

The radiometric study which is completed 
in 15 days permits direct study of the drug 
effect on the metabolism of M. lepraemu­
rium and a more rapid screening of antilep­
rosy drugs than has previously been possible. 
Currently, these observations are being ex­
tended to studies of the structure-activity re­
lationships of antileprosy drugs and the me­
tabolism and drug susceptibility of M. leprae 
in vitro. 
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RESUMEN 

Se ha d esa rr o ll a d o un me t o d o radi ometrico 
simple pa ra eva lua r e l efecto de las drogas en el 
meta bo li smo del M. {epraemurium. EI metod o 
es ta basad o en la medicid n del 14C0 2 producido 
a traves del meta bolismo bacteria no de acetat o­
U- 14C. Se es tudi a ron 17 dr ogas: bac itracin a, 
cefa lo ridina, clo ra mfenicol, cicloserina, dactino­
micina, DDS, e tion a mid a , IN H, ka na mi c in a , 
ma ndela to de metena mina, nitro fura nto ina, ox a­
cilina, polimi xina B, riga mpicina, estrepto micina, 
s ulfa dim e t ox in a y va ncomicina. Las dr ogas que 
ca usa ro n la inhibicid n mas m a rca d a fuero n el 
clo ra mfeni col, IN H, eti ona mida y nit ro fura nto­
(na, en o rd en de incremento de efecti vidad . 

EI es tudi o radi o met rico, que se co mpleta en 15 
dlas, permit e un estudi o directo del efecto de la 
droga so bre el meta bolismo del M . {epraemurium 
y un estudi o selectivo de drogas co ntra la lepra, 
ma's ra pid o que 10 que ha bra sid o posible hasta 
a ho ra. Actua lment e, es tas o bservaciones se esta'n 
ex te ndi e nd o a es tudi os so bre las re lac io nes es­
tructura-act ivid ad de d rogas co ntra la lepra , y e l 
metabo li smo y la susceptibilidad a las drogas del 
M . {eprae in vitro. 

RESUME 

On a mis a u po int une methode radio metrique 
s imple po ur eva lu e r I'actio n d es m edi ca m e nt s 
sur Ie metabolisme d e M . {epraemurium. La me­
thode est basee sur la mesure du CO ] 14 produit 
lo rs du meta bo lisme d e l'aceta te- U-CI4 chez les 
ba cteries. Dix-sept medica ments ont ete etudies, 
A savo ir la bac itrac ine, la cepha lo ridine, Ie 
chlora mphenico l, la cyclosterine, la dactinom y­
cine, la DDS, I'ethi o namide, I' IN H, la Ka na my­
cine, Ie mandelate de methena mine, la nitro fura n­
toYne, l' oxacilline, la pol ymyxine B, la rifa mpicine, 
la stre pt o my cine, la sulfadimeth oxine et la va n­
comycine. Les medica ments aya nt entralne l'in­
hibition la plus pro noncee e tai e nt Ie chlo ram­
phenicol , I 'IN H, l'ethio na mid e et la nit rofura n­
toYne, ces m edic a m e nt s eta nt e num e res da ns 
l'o rdre d'une efficacit e cro issa nte. 

L'etude radiometrique, qui a ete achevee en 
15 jo urs, permet une etud e directe de l'action d'un 
medica ment sur Ie meta bo lisme de M . {epraemu­
rium, de meme qu 'un triage plus ra pide des medi­
caments a nti-I e preu x qu'il n' a va it ete ju s qu'~ 
present possible. On procede actuellement A un 
elargissement de ces obse rvatio ns, en vue d'etu­
dier les relations entre la structure et l'activite des 
medica ment s anti- lepreux, de ml!me que Ie meta­
bolisme et la susceptibilite a ux medica ments 'de 
M. {eprae in vitro. 

APPENDIX 

Drug Suppliers 

Bacitracin: The' Upj o hn Compa ny, Ka la mazoo, 
Michigan . 

Ce pha lo rid ine ( Lo rid ine): Eli Lilly a nd Co mpa ny. 
Indi a napoli s. Ind ia na. 

C hlo ra mphenico l: Mann Resea rc h La bo ra tories, 
New Yo rk, New York . 

Cyclose rine: Ma nn Resea rch La boratories, New 
Yo rk , New Yo rk . 

Dactin o mycin (Cos mege n): Merck , S ha rp a nd 
Do hme, West Po int , Virginia . 

DDS: Pa rk e, Dav is a nd Co. , Detro it , Mi chi ga n. 
Ethio na mid e: Ives La bora tories. Inc., New Yo rk , 

New Yo rk . 
Isoniaz id (Ny d razi d ): E. R. Sq uibb a nd So ns, 

Inc. , Ncw Yo rk, New Yo rk . 
Ka na mycin : Ma nn Resea rch Labo ra to ries, New 

Yo rk , New York . 
Methena mine ma ndela te ( Ma ndela mine): Wa r­

ner C hilcott La bora tories, Morris Pla ins, New 
J ersey . 

Nit rofura nto in : S igma Chemi ca l Compa ny, S t. 
Louis, Misso ur i. 

Oxacillin (Bactocill ): Beecha m-M assengill Pha r­
maceutica ls, Bristo l, Te nnessee. 

Po lymyx in B: Pfize r, Inc., New York, New Yo rk. 
Ri fa mpin ( Rifa mpi cin): Ma nn Resea rch La bora­

tories, New Yo rk , New Yo rk. 
S trepto myc in : Eli Lilly a nd Co mpa ny, India na­

po li s, India na. 
Sulfadimeth ox ine: Ho ffm a n-La Roche, Inc., Nut­

ley, New J ersey. 
Va nco mycin (Va ncoci n): Eli Lilly a nd Compa ny, 

India na po lis, India na. 
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