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A. I N TRODUCTIO N 

Since the leprosy bacillus cannot, as yet, be cultivated, and since 
leprosy has not been tran smitted to laboratory an imals, there is only 
one certain approach in the search for new antileprosy compounds, 
namely, the tes ting of compounds known to possess antituberculosis 
activity, in leprosy patients. 

In its relationships to its host, the Stefansky bacillus acts more like 
the tubercle bacillus than th e Hansen bacillus ; in fact, murine leprosy 
often more closely r esembles murine tuberculosis than human leprosy. 
Consequently, the r esponse of murine leprosy with respect to specific 
chemotherapeutic substances rather duplicates that of tuberculosis, 
and only to a lesser degree simulates that of human leprosy. Certain 
compounds with only slight antituberculosis activity, such as DDS 
or even chaulmoog ra oil, are more useful in human leprosy than other 
compounds with- excell ent antituberculosis action, as for in stance 
isoniazid or s treptomycin. This difference is probably not due to 
intrinsic differences in the bacterial response to the various chemo­
therapeutic agents, but rather to differences in the rapidity with which 
bacterial r esistance develops. In spite of these shortcomings, the search 
for new antileprosy compounds r emains, at least for the present, con­
fined to antituberculosis agents. 

In 1941 one of us (RLM) C7) undertook a search for new anti­
tuberculosis agents on the basis of the following r easoning: The 
tubercle and leprosy bacilli are members of the order of Actinomy­
cetales, and as such are closely r elated to the fungi in their structural 
and cultural characteristics. Regularly, or under certain growth condi­
tions, Mycobacteri~tm, tubercttlosis forms branched filaments, a char­
acteristic associated with fungi. In addition, there are cert3:in close 
similarities between the disease produced by the tubercle bacillus and 
those systemic di seases brought about by certain fungi, insofar as 
pathology and immunology response are concerned. It was thus deemed 

1 Read in condensed fo rm a t t he VIIth Internat ional Congress of Leprology, helel in 
Tokyo, J apan, N ovemher 12·19, 1958. 
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of interest to investigate whether a chemotherapeutic-response relation­
ship would accompany this taxonomical and host-parasite r elationship 
between tubercle bacilli and the fungi. 'rVe have consequently searched 
for new antituberculosis compounds among the antifungus agents, and 
found indeed that various such substances did possess strong tuber­
culostatic and tuberculocidal properties. Among the antifungus agents 
with antituberculosis activity, the thiourea g roup was particularly 
interesting. 

While monostlbstittded thioureas usually possessed only in vi t1'o 
tubercl'llostatic activity and were inactive in vivo, at least one of them, 
sulfamidothiourea (Fontamide), di splayed definite chemotherapputic 
activity in human tuberculosis eo, 7). Lately, in a group of new 
thioureas, we have found more potent antituberculosis agents, namely, 
disubstittded thioureas, particularly the thiocarbanilides es, 12, 13 , 15, 

16, 19 ). More recently, other member s of this chemical group have been 
described by Buu HOI et a1. e' 3, 4, 5,6,22), Doub et al. (11), and Youmans 
et al (13). 

Obviously, all of these antituberculosis compounds were of interest, 
a priori, as possible therapeutic agents for lepro y, and we have tested 
numerous r epresentatives of them in murine leprosy. In the meantime, 
good clinical results in human leprosy with certain thioureas have been 
r eported by Buu HOI (3, 4), Davey (9,10 ), and Ross Innes C1) . 

Here we r eport on our results in experimental tuberculosis and 
murine leprosy \\Tith certain selected disubstituted thiocarbanilides, 
which were particularly promising r epresentatives of this group of 
new chemotherapeutic substances. All of these active thioureas are 

T ABLE l.- Geneml stnwture of the thiom'eas (disttbstitttted thiocaI'banilides) discussed, 
(lnd examples of sttbstihttion conf en'ing .I}oocl in vivo antitnbercttlosis 

activities in mice alld guinea-1Jigs, 

R-:<'> -NH CSNH-

Compound R 

Su 1380 - OCH 2CH 3 -OCH 2CH 3 

Su 1748 - OiCsHn - OiCsH ll 

Su 1795 - OCH2 CH 3 - OCH 2CH (CH3 ) 2 

Sn 1814 - ( CH2) 3CH3 -(CH 2)3CH a 

Sn 1D06 n - O(CH2)3CH 3 -N( CH 3 )2 

Su 2358 - OiC4H 9 - O(CH2 )2 T(C 2H s) 2 

• Th e trade name of this compound is e lBA 1906, 
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thiocarbanjlides' with the general s tructure shown in connection with 
Table 1. Among several hundreds of these compounds tes ted, many 
showed activity in vitro and/ or in vivo, depending upon the substitution 
in the Rand R1 positions. The compounds listed in Table 1 are examples 
of various substitutions leading to compounds of good in vivo activities . 

B. ACTION O F THIOCARBANT LlDES TN TUBERCULOS IS 

in vitro ACTIVI TIES 

r:J1he in vitro antituberculos is actjviti es of 307 of these cOlllpounds 
were evaluated with the virulent M. tuberc'ulosis val'. hominis, H 37Rv, 
grown in a modified Kirchner's liquid medium containing 0.03 per cent 
Tween and 0.5 per cent serum albumin. The in vitro activities of the 
differ en t compounds varied over a wide range. The minimal inhibitory 
concentration observed was 1 mcm. per cc. (10-6 ), 27 of them being of 
this class, while many were tuberculostatic only in concentrations of 
50 to ] 25 mcm./ cc. (5 x 10-5 to 1.25 x 10-<) ; other s had still lower 
activit~, , " 

There was a close parallelism between the anti mycobacterial activity 
. of the thiocarbanilides and their activity agains t actinomyces and fungi, 
while their antibacterial activity, on the other hand, was almost without 
exception very low (8,17 ). 

In vitro and in vivo activity were closely r elated: All 27 compounds 
tha t were active in vitro in the 1 mcm./ cc. concentration were also 
active in vivo . Of all that were tuberculostatic in concentration s as low 
as :2 to 5 mcm./cc., 75 per cent were active in mi ce. On the oth er hand, a 
considerable number of compounds with very low in vitro act ivit."" 
inhibiting growth of the tubercle bacillus only in concentrations of over 
100 mcm./cc., showed significant in vivo activity. Similar observation s 
have since been reported by Doub et al. ( 11 ). 

~n vwo EXP ERIMENTS WITH MICE 

Mice were inoculated , intravenously with a culture of the H37Rv 
tubercle bacillus so standardized that 50 per cent of the control mice 
(T50) died of infection on approximately the 20th day. Immediately 
upon in oculation, the animal s r eceived food contajning th e fin ely 
:pylverized tes t compound in concentrations varying from 3 to 0.005 per 
cent. Drug treatment was maintained for 21 days, at whi ch time the 
normal diet was res tored for an additional ] 5 days. On the 36th day 
after inoculation all of the surviving mi ce were sacrifi ced. The evalu­
ation of activity was based upon: (1) the number of mice surviving on 

% The tabl e supplied to demonstra te these da ta, as lVell a, ce rta in other tabl es a nd certa in 
text,fi gures, have had to be omi tted, fo r consideration of space.-E DITOR. 
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the 36th day; (2) the calculated ~r50 values,3 and (3) the gross pathol­
ogy of the lungs and speen of aU mice succumbing to the infection 
or sacrificed at the end of the experiment. 

TABI,E 2.- 1n vivo (mouse) activities of fom' 'representative thiuu,rells; e.x /ellsiull of T 50 
values (ovel' con tl'ols) and IJel'centag es of sUI'vivillg mice on the 36th day." 

--- ---

Drug 
Su ] 380 Su 1795 Sn 1906 Sn 2358 PAS 

in dif't 
T 50 I Surv. T 50 Surv. T 50 Snrv. T50 Surv. T 50 Surv. 

( % ) (dnys) (% ) (days) (% ) (days) (% ) (days) (% ) ( <lnys) (% ) 
I ------ ------ -- -- - -

0.1 > ]5 80 > 15 100 > 15 100 5 20 

0.05 4 20 > 15 80 > 15 100 > 15 100 0 0 

0.025 0 0 1.5 0 > 15 100 > 15 90 

0.01 > 15 60 0 0 

Controls 0 0 
---

• '['he abbreviation" surv. " = survival. 

In Table 2 are recorded the percentage survival rates and the 
T 50 values of groups of tuberculous mice treated with representative 
thioureas at varying concentration s in the diet, with PAS serving 
as a r eference standard. These results, which represent an average 
of four experiments, indicate that the antituberculosis activity of Su 
1906 in mice was approximately 5 times that of Su 1795 and 10 times 
that of Su 1380 (Figs. 1 and 2). PAS was considerably less active, 
as indicated in Table 2. The results of a more detailed comparison 
of Su 1906 and PAS, not included here, showed that Su 1906 is approxi­
mately 50 times more active than PAS in tuberculosis mice. 

Activity and chemical constitution. - vVe have tested a great 
variety of substituents in the Rand Rl positions, but it is not pos­
sible to indicate here the different correlations which exist between 
chemi cal constitution and antituberculosis activity. Restricting our­
selves to only one example, we found among many substitutions with 
phenol ether that maximum activity was reached when Rand R, had 
3 to 5 carbon atoms each, whereas above and below that number 
activity was compl etely abolished. Detailed indications are found in 
r eports hy Maye r et al. CS,19)-, Eisman et al. (12), and Doub et al. 
(11 ). 

• '['hi s latter value represents the calculated survival time, in days, of 50 per cent of the 
mi ce, as obtained by plotting the cumulative percentage dead on a probabi li ty scale against 
time Oil nn llr ithmet ic scale. . 
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Lil1'Lited all(~ delayed thempy. - The comparative activities of the 
various compounds were further assessed in limited-therapy and 
delayed-therapy experiments, the drugs as usual given in the diet. 

In the limited therapy experiments the mice \\'e1'e given medicated food immediately 
after inoculation, but the treatment was mnintained fOI' only 24 hours, or 2, 3 01' 4 days, 
instead of the usual 15 days. After withdnnva l of the medicated food, the animals were 
kept on their normal diet unti l they were sacl'inced on the 3Gth dny. 

s~ 1906 502358 501795 501380 

0.02~ 

CONCENTRATION OF DRUG IN DIET~ 

FIG. 1. Mouse tubel'culosis. Treat­
ment with th ioureas in the diet; exten­
ilion of 1'.0 over that of the co n troIs. 

0 .01 0.025 005 0 .1 

CONCENTRATION OF DRUG IN DIET (':g 

FIG. 2. Survivals of treated tuberculous mice 
(pe l'centages ) in I'elation to the dosage of thiou­
rcas. 

In the delayed therapy experiments, mice were kept on their normal unmedicated 
diet for ptriods of 9, 12 or ] 5 days after inoculation, at whicll time treatment with 
medicated food was begun and was maintained for 15 consecutive days. The animals 
were then returned to tl,e nonmedicated diet for the rC'mninder of the experiment. 

Resu]ts of limited therapy: Given for only one day, both Su 1906 
and isoniazid exhibited a marked degree of activity, in that the T 50 
values exceeded that of the controls hy six days, with 50 per cent of the 
animals surviving. Treatment for an additional day resulted in the 
maximum activity recorded in this type of experiment, i.e., more than 
15 days' survival beyond the controls. This therapeutic effect was ob­
tained with amounts of Su 1906 and isoniazid totaling only 2.5 111gm. 

Results of the delayed therapy: Even when there was a lapse of 
15 days between the time of inoculation and commencement of therapy, 
treatment with medicated food containing 0.1 pel' cent Su 1906 or 0.05 
per cent isoniazid resulted in a high degree of protection, as shown by 
data not reproduced here. 
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tn V'tVO EXPERIMEN TS WITH GUI NEA-PIGS 

F emale guinea-pigs weighing 500-600 gm. were inoculated sub­
cutaneously with 1.0 cc. of a 1 :100 saline dilution of an H37Rv culture 
grown for seven days in a modified Kirchner medium. Treatment was 
started 23 days after inoculation in all animals which presented, at 
that tjme, strongly positive tuberculin r eactions. As in the mouse ex­
periments, the test substances were admini ster ed mixed with a finely­
ground guinea-pig food. The animals were treated for 60 days, and 
the animals which survived at the end of that period were sacrificed. 
The gross organ involvement was determined according to the proce­
dure described by Karlson and Feldman (14), in which numerical ' 
values of 4:0, 70 and 100, r espectively, correspond to the more general 
evaluation as slightly, moderately and extensively diseased. 

The composite r esults obtained in chemotherapy experiments in 
which tuberculous guinea-pigs were treated with three thiocarbanilides 
found active in mi ce are summarized in Table 3. The values listed are 
based on a gross evaluation of the lungs (maximum titer 25, according 
to Karlson and F eldman) and the total of all organs inspected (lungs, 
spleen, site of infection, maximum titer 100), are shown in Fig. 3. 

T ABLE 3.-A ctivities of three 1'ep1'esentative thiott1'eas in gttinea-pig tttbe1'cttlosis; t reat­
ment 60 clays, clttration of experiment 82 days. .A ve1:age SC01'e of mim'oscopic 

involvement of lungs, ancl total score (sum of spleen, lungs, 
liver and inocu.lation site). 

Drug Su 1795 Su 1906 Su 2358 Isoniazid 
in diet 

(%) Lungs I Total Lungs Totnl Lungs Total Lung'S Total 

' 0.2 2.5 15.0 

0.1 4.2 17.5 1.5 6.2 

0.05 10.0 22.0 5.0 23.0 8.5 26 4.4 18.8 

0.01 2.0 32.0 7.6 26.9 12.3 50.8 7.3 27 

Untreated 
controls 25 83.5 

All of the compounds tested demonstrated a considerable degree of 
chemotherapeutic activity. ,\Vith a daily intake of approximately 2.5 
mgm. Su 1906, corresponding to a diet concentration of 0.1 per cent, 
the lung involvement was only one-fifth as severe as in the controls, 
and total organ involvement (lungs + spleen + liver + site of infec­
tion) wa approximately one-third of that of the controls. As with 
mi ce, u 1906 demonstrated a definite superjority over the other thio­
carbanilides tested. 
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Controls - 83.5 

¥i1 · ._ril~~~~~JR4~~~ 
~ ~Q ~~~~~~~~~~ 

SU-1906 - 0.1%; diet 17. 5 

?2{~~~~~~hi£h6(~~ 
m~~~~~~~~}QQ{~ 

PAS -4.0%; diet 21.3 

iiliiilililiiiii 
Streptomycin - 10mo.; subc. 35.0 

FIG. 3. Guinea-pig t ubercul osis, ex perimental infection with st rain H37Hv. Comparisoll 
of the effects of treatment with Su 1906, PAS, and stJ"eptomycin at M. 'l'.D. dosage as indi­
cated. The numerical values of the gross organ involvement are 83 .5, 17.5, 21.3, and 35.0, 
res pectively. 

The activity of Su 1906 in guinea-pigs as establi shed by gross pa­
thology is comparable to that of isoniazid. As in all the experiments 
with mice, Su 1906 was considerably superior to PAS; only at a dose 
400 times g reater did PAS yield comparable results. 

Therapetttic eff ect on severely infected anirnals.- In the usual chem­
otherapy experiment with mice, treatment is instituted immediately 
after infection, and the experimental conditions intentionally favQr the 
drug; any therapeutic effect indicates suppressive, or prophylactic 
activity. In the usual guinea-pig experiment, on the other hand, treat­
ment is initiated 22 days after inoculation, when the positive tuberculin 
reaction proves the presence of a well-established infection. Here, 
actual chernotherapetttic effects are established. 
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vVe have examin ed the activity of Su 1906 in guinea-pigs with con­
siderably more advanced tuberculous infection. The animals wer e 
infected as usual but left untrea ted for two months, at which time they 
presented almost maximal tuber culous involvement of lungs and spleen, 
es tabli shed h~· autopsies of "pretreatment control s." Therapy was 
ma in tain ed fo r 100 consecutive days. . 

Results : From the results presented in Tabl e -l- it is ev ident that, 
in spite of the 2-month s delay in starting treatment, Su 1906 in a dail~r 
dose of approxi1l1ately 25 mgm. exerci sed a considerabl e degr ee of 
antituberculos is effect. INH, under the same condition s, was more 
active. 

T ABLE 4.- 11l /htell ce of delayed therapy (delayed 60 days) 1cith Su 1906 
0 11 guinea-pig lnb erc1tlosis. 

Drug 
Indf'x of average invo\velTIpnt Total 

Compound in di et involve-
S ite of mf'nt 

(%) Spleen Lungs Li vf' r inoculation (index) 

Su 1906 0.1 10.3 12.2 9.0 3.0 35.4 

Isoniazid 0.1 2.8 5.0 6.1 1.1 15.0 

Cont rols 

Pre-
treatment - 35 22 24 10 01 

P o -t-
treatment - 27 21 24 10 83 

P ersistence of therapeutic efl ects.-None of our present antituber­
culosis drugs has achieved, as yet, complete sterilization of tuberculous 
animals. Recurrences are regularly observed even after thorough 
treatment with the most active compounds, such as isoniazid. W e have 
not achieved sterilization- nor did we expect to- with Su 1906. It was, 
however, of inter est to investigate the duration of clinical improve­
ment after cessation of therapy with Su 1906 as another indicator of 
therapeutic potency and usefulness. 

Groups of tuberculous guinea-pigs were treated with Su 1906 or 
INH, 0.1 per cent in the diet, for three different periods of time, 3, 6 
and 9 months, and the degree Of tuberculosis at the end of each treat­
ment period was determined in a number of the animals. The remaining 
one of each group were then mainta ined on a normal di et for a period 
of time equal to the r espective treatment period: 3 months for the 
animals treated for 3 month, 6 months for those treated for 6 months, 
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and so on. The longest total observation period was 18 month s. The 
extent of tuberculosis in the guinea-pigs surviving at the end of each 
total period was then compared with the degree of tuberculosis that 
had been found in the animals killed at the end of the treatment period s. 

Results : The results, illustrated in Fig. 4, revealed that Su ] 906 
as given exerted a high curative effect when administered for 3 or 6 
con 'ecutive months. The addibonal 3 months' treatment of the 9-
month s group did not increase the therapeutic effect furth er. During 

100 

90 

80 

x 70 
UJ 
a 60 z 

III SO 
I-

.J 40 
« Su-1906 
I-

30 0 
I-

20 

10 

A/B (months) 3 3 

A+ B (months) 6 

3 3 

6 

Su-1906 

6 6 

12 

INH 

6 6 

12 

SU-1906 

9 9 

18 

INH 

9 9 

18 18 

FIG. 4. P er sistence of therapeutic effects in guinea-pig tuberculosis after various periods 
of treatment and equal periods after cessation of treatment . A = th e time of trea tment, 
B = the period after treatment before examinati on, and A + B = the total period. 

the drug-free observation periods of 3 to 9 months, the infec tion pro­
gressed in all instances, although only slowly, and even after 9 months 
it had not reached the degree of infection observed in the un treated 
controls. In the same manner, the tuberculous infection inc-rea sed 
regularly after therapy with isoniazid was interrupted, but this drug 
was definitely superior to Su 1906. 

OTHER OBSERVATIONS WITH SU 1906 

The data presented indicate that the antituberculosi:, aetivity of 
Su 1906 in experimental tuberculosis ranges hetween that of PAS and 
INH. Consequently, it can he expected that its place in the tr ea tment 
of clinical tuberculosis will be similar to tllat of PAS, preferentially in 
combination with some other chemotherapeutic agent with a different 
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mechanism of action. vVe have therefore inves tigated whether the ad­
ministra60n of 8u 1906 with one of the es tabli shed antituberculosis 
substances will r esult in an additive therapeutic effect. 

Enhance117,ent of activity by combination with isoniazid or strep­
tom,ycin.- In the usual guinea-pig experiment, 8u 1906 was admin­
ister ed in combination with either isoniazia or streptomycin, beginning 
22 days after inoculation, when the tuberculin reaction had become 
positive. 8u 1906 and isoniazid were mixed in the diet, while strep­
tomycin was given by subcutaneous inj ection. 

The results of this experiment, shown in Table 5 and Fig. 5, indicate 
that the combination of suboptjmal doses of 8u 1906 with suboptimal 
doses of either isoniazid or streptomycin resulted in a considerable 
enhancement of the therapeutic effect. 

T ABLE 5.- Enhancement of theI'Gpentic activities by combination of SIt 1906 

1vith isoni(lzid 0 1' stl·eptomycin. 

Dosages a Tuberculosis indices b 

Trea tment 
I II I 

8u 1906 alone 0.005% 0.01% 81.9 

Isoniazid a lone 0.005% 0.005% 52.3 

Combination of both (as above) (as above) 32.6 

8u 1906 alone 0.01% 77.8 

Streptomycin alone ].0 mgm. (subcut. ) 56.6 

Combination of both (as above) 36.5 

Untreated controls 79.3 

• In food, except for streptomyclll, wInch was admlllistel'ed subcutaneously. 
b Total gross organ involvement. 

II 

77.8 

52.3 

23.6 

Bacterial 1'esis tance to Stt 1906.-A study conducted in our labora­
tory C5 ) r evealed that the virulent tubercle bacillus H37Rv develops 
r esistance to thiocarbanilides slowly, as compared with the rapidity 
with which r esistance against streptomycin or isoniazid emerges espe­
cially the former. A maximal 16-fold increase in r esistance to 8u 1906 
was attained after 6 transfers; and this level of r esistance r emained 
unchanged during 10 subsequent transfer s. In the same expedment, 
r esistance to treptomycin of more than 1,500-fold developed after only 
6 tran sfer s, and a 3,500-fold r esistance to isoniazid was obtained after 
only 5 transfers. 
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~~~~~ 
~~~~~ 

Pre-treatment 61.0 

1!J59 

~~~~~~~~g~~~~ 
~~~~~ ~~~~ ~ ~~~~~ 

Controls 80.0 

~~~g~~~~~~~~ 
~~~~~~~~~~~~ 

SU-1906 - O.OI%j diet 77.8 

~iiiiBiiijiiiii 
Streptomycin- !.OmQ.; lubc. 56.6 

iiBiiiiiBiiii 
SU-1906; 0.01% + Streptomycin; 1.0mQ. 36.5 

lliiiiiiiiiiiiliii 
Isoniazid-0.005%;diet 52.3 

SU-1906; 0.01% + Isoniazid; 0.005% 23.6 
FIG. 5. Sho\\'ing the enhancing effects of combining a suboptimal dose of Su 1906 with a 

suboptimal dose of streptomycin or of isoniazid. The gross organ involvement of a sampl e of 
the animals examined before treatment was 61.0, a nel of the co ntrols at the end of t he ex peri · 
ment was 80.0. 
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Delay in the e11tergence of resistance by combinations.-Comhina­
tion therapy serves several purposes. In addition to increasing effec­
tiveness, while at the same time r educing the toxic effects of the com­
ponents, it is used to retard the emergence of r es istance. In order to in­
vestigate the influence of Su ] 906 upon the r esistance of M. fttbe1'culosis 
H37Rv to isoniazid and str eptomycin, serial tran sfer s were made in 
media containing those substances, with and without a very small 
amount of Su ] 906. As seen from the r esults shown in Table G, the 
presence of only 2 mcg./ cc. of Su 1906 in the medium appreciahly de­
layed the development of r esistance to str eptomycin and almost com­
pletely suppressed it in the case of isoniazid. 

TABLE 6.- I nfluence of Sit 1906 (2 mcg.lcc.) on the em erg ence of resistal1 ce 
to st1'eptomycin or isoniazid. 

:vrinimal inhibi ting concentrations 
Serial 

transfcr Su 1906 and Su 1906 and 
No. Su 1906 St.rcptomycin st.reptomycin Isoniazid isoniazid 

(mcg.lcc.) (mcg.lcc.) combined (mcg.lcc. ) combincd 

1 3.9 1.0 0.5 0.016 0.031 

2 - - - 0.063 0.031 

3 3.9 3.9 0.3 0.13 0.063 

4 - - - 1.0 0.063 

[) 15.6 7.8 0.3 7.8 0.25 

6 - - - 30.0 0.25 

7 ] 5.6 31.2 1.0 > 125. 
I 

1.0 

10 15.6 62.4 2.0 - -

13 ] 5.6 - 31.2 I - -

Cross resistance between thiocarbanilides and thiosemicarbazones.­
Cross resistance exists between the thiocarbanilides and thiosemicarb­
azones, indicating that both classes of compounds probably act in 
similar ways. It is a two-way type of resistance, regardless of which 
compound was used to produce the initial resistance. Strains resistant 
to other known antituberculosis agents are sensitive to the thiocarb­
anilides. 

ACTION ON PHOTO CHROMOGENIC MYCOBACTERIA 

Clinical reports indicate that the in cidence of tuberculosis-like infec­
tions due to the so-called atypical, photochromogenic mycobacteria is 
increasing. Most strains of these chrolnogens as reported are r esistant 
to PAS, and in many in stances also to streptomycin. ,Ve have there­
fore evaluated the activity of selected thiocarbanilides against 9 dif-
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fer en t strains, pathogenic as well as nonpathogenic to mice, all isolated 
from human tuberculous infections e9 ). In the following account, we 
shall r estrict our discussion to the r esults obtained with 6 of the 
pa thocrens tes ted. 

(a) In vitro activity against photochromogens : All of the 6 chromo­
gens r eferred to were sensitive to Su 1906 in vitro, but they were r e­
si.stant to P AS and streptomycin to a considerable degree. Two of 
them were sensitive t o INH, and the other 4 were less resistant to it 
than to PAS or SM. These chromogens r epresent a most heterogenous 
group of mycobacteria. Derived from human tuberculosis, they had , 
undoubtedly been 'ubjected to intensive chemotherapy, and it is there­
fore not known to what extent their present sensitivities are intrin sic 
or acquired. Tha t they are r egularly sensitive to the thiocarbanilide 
Su 1906 may well be due to the fact that they have never had previous 
contact with it, and may well reflect an intrinsic sensitivity to this com­
pound, toward which resistance develops only slowly and to only a 
limited extent. 

(b ) In vivo activity against photochrolllogens : Groups of mice were 
infected, each with one of :five s trains of photochromogenic mycobac­
teria: P " P4, P 'S, P 21, P 26, and treated immediately after inoculation as 
in the experiment with H37Rv. The antituberculosis agents used were 
Su 1906 (0.1% in the diet), isoniazid (0.1% in the diet), PAS (1.0% in 
the diet), and streptomycin (3.0 mgm. subcutaneous ). The treatment 
was continued for 30 consecutive days, after which the results were 
evaluated. It turned out that, compared with the other drugs used, Su 
1906 was superior in the two groups of mice infected with the P l and 
P 21 strains, slightly less effective than the bes t (INH) in the group 
infected with strain P 26, and inferior but second to INH in the two 
groups infected with strains P 4 and P lS. The order of in vivo activities 
was as follows : 

Strain Pl 

Strain P . 

Strain P,. 

Strain P 21 

Strain P,. 

Su 1906 > I NH > SM > P AS 

I NI-I > Su 1906 > SM: > P AS 

I NI-I > Su 1906 = SM > P AS 

Su 1906 > INH > SM: > P AS 

I NI-I > Su 1906 > SM > P AS 

Ther e was no direc t relationship between in vitro and in v'ivo activity. 
P AS was virtually inactive ag.ainst all 5 strains. 

C. ACTIO~ OF TH IOCARBANILIDES I N M U RINE LEPROSY 

In spite of the deficiencies noted at the outse t of this r eport, the 
only chemotherapeutic laboratory tes t object for antileprosy com­
pounds is murine leprosy, and we have used it. Previously, Chang (S ) 
had tested three of our more active antituberculosis thiocarbanilides 
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(Su 1906, Su 1795, Su 2358) in mouse leprosy, and obtained negative 
results. In a number of our own experiments, however, Su 1906 ex­
hibited definite activity. Such discrepancies in results obtained by 
different observers using the same compound are not uncommon in 
chemotherapy experiments involving either mouse or rat leprosy; 
positive as 'well as negative results have been reported with such com­
pounds as sulfones, thi osemicarbazones and INH e). 

Our tests in murine leprosy have been made by two different 
methods. (1) One was the usual procedure, in which infected animals 
are treated for a prescribed period of time with the test substances 
usually administered in medicated diet. (2) The other method was one 
which we can conveniently designate as a neutralization type of test. 
In this procedure fresh rat leproma was homogenized with a given 
concentration of the test substance and incubated at 37°C for 24 hours. 
After incubation, 0.5 cc. aliquots of the mixture were injected subcu­
taneously into female CF1 mice, and the animals were observed without 
further treatment for] 0 weeks. "When rats were used, the observation 
period was 18 weeks. This second procedure was adopted after sys­
tematic investigation of the various conditions (temperature, length of 
incubation, and most suitable receptive animal), and a statistical 
evaluation of the data was obtained. In both types of test the excised 
lepromatous mass served as an index of the relative effectiveness of 
the drugs. 

Treatment with medicated diet.-The results of a number of experi­
ments, in all of which DDS and INH were used as reference substances, 
are given in Table 7. In three of four experiments in which Su 1906 
was used, it exerted definite activit~-, which was about one-half of that 
of isoniazid or DDS. 

N eutral'izat'ion te t.-In two of three tests of this type, Su 1906 
showed complete lack of activity, a. did DDS in the two tests in which 
it was used, whereas isoniazid displayed good activity in both tests 
performed. 

Further experimen ts are necessary to establish the significance of 
the negative results obtained with Su 1906 and DDS in this type of ex­
periment. They may well indicate that the activities of Su 1906 and 
DDS are not due to a direct action of the unmetabolized compound; 
rather, they may depend on metabolites formed within the intact body 
but not in isolated lepromatous tissue. This is apparently the case also 
with respect to antituberculosis activity. 

COMMENTS ON TH.E: AN1JLEPROSY ACTIVITY OF SU 1906 

Su 1906 has considerable activity in murine tuberculosis, but it is 
only moderately active in murine lepro y. Moreover, in murine leprosy 
its activity is irregular. In one of our experiments reported in Table 7, 
its suppressive effect was comparable to that of DDS; in two other 
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experiments it w~-is approximately one-half to one-third as effecti \'c as 
DDR; and in a fourth experiment it showed no significant activity. 
Similar observations have lwen made with other thioul'ea~. Chang 
reported on l ~' negative r esults in mouse leprosy 'with three di ffe rent 
thioureas. rl1hi s is in contrast to the consistently good results obtai ned 
by Davey and Rm;s Inn es in treating human leprosy with S11 J9()(j. 

. TABI,E 7.- Activ ity (I{J(lill st murin e leprosy of S tt 1906 in mil'e or ral s; 

medicated diet admillistered for 6 week". 

I 
DosC' :\IumhC'r of Lepromfl 

Componnd in diet fl nimals inhibition 
( % ) uSNl (per cent) 

-

0.1 ]4 mice 15 { 0.1 Dmice 58 

Su 1906 0.1 7 mice 28 

~ 
aVf" l'a~ 

0.1 5 rats 25 
-

0.05 5 mice n 

} DDS 0.05 9 mice 56 averag 

0.05 5 rats 63 

e 6,1, 

0.1 10.mice 84 

} I soniazid 0.1 10 mice 89 aV£ll'Hj?' 

0.1 5 rats 98 

(' DO 

10 mice 0 

} Controls 10 mice 0 aVel'Hg 

5 rats 0 

e 0 

Differences in activity against these various infections are abo ex­
hibited by DDS, which has excellent activity in murin e lepros)', and is as 
effective as 8u 1906 in human leprosy, but has only a very slight effect 
upon experimental or clinical tuberculosis. I soniazid, in turn, although 
highly active in experimental and clini<'al tuberculosis and murine 
leprosy, has an inadequate therapeutic action in clini cal l epro~y. Th us. 
the results of the present tudy with 8 u ] 906 confirm the genera l oh­
se rvation that the correlati ons between the sensitivities of JI. tuu erCll­
l osis and M. lelJrae mU1"ium (and , apparently, 111. leprae also) to the 
various active chemothf\ rapeuti c agents are qualitative ):athe r than 
quantitati ve. 



27, 1 Mayer et al.: Disubstitu ted l'hiocarbanilides 23 

Thi s fact is not necessarily attrihutabl e in all in stances to intrin sic 
diffe r ences in the susceptibility of the various species of mycobacteria. 
It seems quite prohable that, with isoniazid and streptomycin, rapidly­
developing r esistance of the human leprosy bacillus nullifies the initially 
good activity. Mycobacterial resistance to Su 1906, however, is acquired 
very slowly and to a con sid erahl~T less degree than is the case with 
isoni azid and streptomycin. In thi s r espect Su 1906 obviously occupies 
a fayored positi on, hecause even after prolonged treatment and r epeat­
ed therapeutic cycles the infective agents r emain sensitive to the drug. 

SUMMARY 

On the hasis of th e taxonomic r elationship between mycobacteria 
and fungi, numerous thioureas known to be potent fungicides were 
tes ted for their activity against mycobacteria. Many disubstituted 
representa tives of this group of drugs, among them especially certain 
thi ocarbanilides, demon strated excellent in v i tro and in vivo activities 
aga inst a virul ent strain of M. t'Ub erc1£lo sis J and Su 1906 showed 
J1Iode ra te activ i ty again st murine leprosy. 

:\ ctivity of the thiocarbanilides depends on the nature of ,the sub­
stituents in the Rand R l positions. In the example given, those with 3 
to 5 carbon atoms possessed most activity. Results of treatment of ex­
perimental tuberculosis in mice and guinea-pigs under various condi­
tions a re reported. Combinations of suboptimal doses of Su 1906 with 
suboptimal doses of isoniazid or of streptomycin resulted in con­
siderable enhancement of activity. The tubercle bacillus developed, 
slowly, only a low grade of resistance to Su 1906, and when, the latter 
was used in cornbination the rapid and high r esistance to streptomycin 
wa s appreciably delayed, and that to isoniazid was almost completely 
suppressed. Su 1906 has been found to have activity against the photo­
ch romi e "atypical" mycobacteria in some cases more than INH or 
streptorilycin. Not a great deal of stress is laid on the results of treat­
ment of murine leprosy, because that is not a good test object for 
assessing activity of drugs for human leprosy. 

Clinical reports on the action of certain thiocarbanilides in human 
leprosy are encouraging. However, the chemotherapeutic assessment 
of new drugs, particularly in di seases like tuberculosis and leprosy, 
r equire:;: prolonged observation in all types of the infection. It is not 
only the immediate effectiveness of a new drug, or its lack of toxicity, 
or the paucity of untoward side effects, which make its introduct ion 
worthwhile. Factors such as per sistence of beneficial effects, absence of 
rapidly-acquired r esistance, and compatibility with other types of 
th erap~' are of equal importance. For the henefit of those who are in 
need of this therapy, it is to be hoped that future experience will prove 
that all the above conditions will be fulfilled by this new thiocarbanil ide 
class of antituberculo . is and antileprosy compounds. 
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RESUMEN 

A base de Ill. r elacion taxonomica ('ntre las micobacterias y los hongos, se com­
probaron I1llmerOSas t ioureas conocidas como f ungicidas potentes en cuanto a SIl ll.ct.ividad 
contra las micobacterias. Muchos representantes bisubstituidos de este grnpo de drogas, 
entre ell os en particular ciertas tiocarbani lidas, desp legll.ron exceJentes aehviclades in 
vit1'o e in vivo contra una cepa virulenta del M. · tuberculosis y cl Sn ] 90G revclo 
moderada actividad contra Ill. lepra mm'ina, 

La actividad de las tiocarbani lidas depende de Ill. naturaleza de los snbstit.uyentcs 
en las posiciones R y R i • • En el ejemplo ofrecido, Jas que tenian de 3 a 5 :-Homos de 
carbono poseian Ill. mayor actividad. Prl'scntanse los resultados del tratnmic'nto de la 
tuberculosis experimental en ratones y cobayos en varias condiciolll's. Las combinaciones 
de dosis suboptimas del Su 1906 con dosis suboptimas de isoniacida 0 de C'st.rc·ptomicina. 
dieron p'or resultado considerable aumento de Ill. actividad. El bacilo tuben'uloso mani­
festo, lentamente, solo tenor bajo de resistencia al Su 1906, y cuando se uso el ultimo 
en combinacion, se demoro apreciablemente la rapida yalta resistencia a la estrepto­
micina y se suprimio casi absolutamente la manifestada a la isoniacida. Se observo 
que el Su 1906 poseia actividad contra las micobacterias "atipicas" fotocromicas en 
a lgunos casos, superior a Ill. de Ill. INH 0 Ill. estreptomicina. ' 0 se haee mucho hincapie 
en los resul tados del tmtamiento de la lepra mm'ina, pOI' no constituir est a bucn material 
de ensayo pam ju tipreciar la activ idad de las drogas en la lepra humana. 

Las comunicaciones cllnicas acerca de Ill. accion de cicl'tas t iocarbanilidas en la 
lepm human a son alentadoras. Sin embargo, la valoracion quimioterapelltica de nuevos 
medicamentos, en particular en dolencias tales como Ill. tubercu losis y la lepra. requ iere 
observacion prolongada en todas las formas de la infeccion. No es solo la cfi cacia in­
mediata de una droga nueva, 0 su atoxicidad, 0 Ill. escasez de adversos efectos colaterales, 
10 que presta valor a Ill. introduccion de Ill. misma. Revisten igual importancia factor es 
tales como Ill. persistencia de los efectos beneficiosps, Ill. falta de resisteneia adquirida 
rapidamente y Ill. compatibilidad con otms formas de termpcutica. P ara bicn de los 
que necesitan esta tempeutica, es de espemr que las futuras observaciones dC'mnestren 
que cumplira todas las condiciones anteriores esta nueva clase t iocarbanilldiea de com­
puestos antitubercu losos y anti leprosos. 
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