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Antituberculous Activity of Substituted Thioureas. (20241) 

R. L. MAYER, P. C. EISMAN, AND E. A. KONOPKA. 
From the Division of Microbiology, Research Department, Ciba Pharmaceutical Products, 

Summit, N .  J .  

Mycobacteria, actinomycetes and strepto- 
mycetes are members of the order Actinomyce- 
tales and are characterized as organisms form- 
ing elongated cells which have a definite ten- 
dency to branch. This morphological feature 
places ‘the members of this order close to the 
fungi taxonomically. In an earlier study ( 1 ) 
one of us (R.L.M.) investigated the hypo- 
thesis that this morphologic relationship be- 
tween mycobacteria and fungi may be paral- 
leled by a biochemical relationship and there- 
by suggesting a basis for the search for new 
antituberculosis agents. It was indeed found 
that a number of recognized antifungal sub- 
stances exerted strong and specific antimyco- 
bacterial in vitro activities while possessing 
only minor effectiveness against the common 
Gram negative and Gram positive bacteria. 
Panticularly interesting among the sulfur-con- 
taining compounds exhibiting such properties 
were thiourea and its derivatives. The most 
active substance was sulfamidothiourea (2255 
RP) . 

We have now extended these earlier studies 
and investigated more than 350 thiourea de- 
rivatives and related compounds for their anti- 
mycobacterial and antifungal activities. Many 
of the disubstituted thioureas, especially the 
thiocarbanilides demonstrated not only in 
vitro tuberculostatic and fungistatic activities 
but were also found to have excellent chemo- 
therapeutic effects in mice and guinea pigs in- 
fected with the tubercle bacillus. From among 
the many thiocarbanilides studied, several 
have been selected for inclusion in this paper 
as representative of the various types of 
substituents located in the p,p’positions 
(Table 11). 

In vitro activities of disubstituted t hioureas. 
Numerous derivakives demonstrated consider- 
able activity against the human, bovine and 
avian types of the tubercle bacillus as well a 
the BCG (human) strain. However, none of 
these compounds showed appreciable activity 
against the saprophytic mycobacteria or any 

of the usual Gram negative or Gram positive 
bacteria. Furthermore, a number of com- 
pounds simultaneously exhibited excellent ac- 
tivities against the tubercle bacillus and a 
variety of fungi, as evidenced by the examples 
shown in Table I. 

Chemotherapeutic activities in mice. Ex- 
periments with representative types of thio- 
ureas. CF1 mice, weighing between 15 and 
2.0 g each, were infected intravenously 
with 0.5 ml of a 1:lO dilution of culture of 
H~TRv (or Ravenel) grown for 7 days in 
Kirchner’s liquid medium containing 0.05% 
Triton A-20: and 0.5% bovine serum albumin. 
Immediately upon infection, groups of 10 mice 
each were fed for 2 1 days with a diet consisting 
of ground food mixed with finely pulverized 
(200  mesh) test compounds. Normal diet 
was restored for an additional fifteen days and 
all surviving animals then sacrificed. All ac- 
tive thiourea derivatives were tested at vary- 
ing concentrations and the percentages indi- 
cated in Table I1 represent the lowest dose 
levels given to the infected groups of animals. 
2’50 represents the calculated survival time 
(days) of 50% of the mice and is obtained 
by plotting the cumulative percentage dead on 
a probability scale against time on an arith- 
metic scale( 3) .  Since the average T50 for the 
infected, untreated groups was 20 days in (this 
experiment, values greater than 23 days are 
indicative of chemotherapeutic activity. 

The results obtained in the diet experiments 
with 11 selected substituted thioureas bear- 
ing a variety of substitutions in the p,p’- 
positions are shown in Table 11. From these 
results it is readily apparent that the presence 
of certain substituents, such as alkoxy groups, 
in p,p’positions either with or without nitrogen, 
or alkyl groups, has transformed the inactive 
unsubstituted thiocarbanilide (Su- 1495/E) 
into substances with considerable antitubercu- 
lar activity in mice. 

Additional experiments with Su 1795. The 
extent of activity of the disubstituted thiou- 
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reas. as represented by Su 1795. is evident 
from the following additional experiments. 

a )  Delayed therapy. As is shown in Table 
111. considerable therapeutic activity is ob- 
tained when diet-therapy with 0.5% Su 1795 
is delayed for as long as 15 days or with 0.1% 
for 9 days. 

b)  Limited therapy. -4ccording to the data 
presented in Table 11': a total treatment period 
of only 6 days with a diet containing 0.1% Su 
1'795 or only 12 days with 0.05% resulted in 
effective antituberculosis action. 

Chemotherapeutic actiztit? in guinea pigs; 
Experiment Bk 5/'214. Procedure: Female 
guinea pigs weighing approximately 600 g 
were each infected subcutaneously with 1.0 ml 
of a 1:ZOO dilution of a 7-day-old culture of 
HsiRv in the modified Kirchner's liquid medi- 
um. Twenty-one days after infection, the 
tuberculin-positive animals were treated with 
medicated diets. Therapy was maintained for 
the following 115 days and the animals then 
sacrificed. The evaluation of the gross organ 
involvement was based on the method de- 
scribed by Feldman ( 4 )  who assigned maxi- 
mum values of 40: 70 and 100 for slight, 
moderate and extensive degrees of total organ 
involvement respectively. In Table V are re- 
ported results obtained with 5 different thio- 
urea-derivatives; 4 of the 5 substances pos- 
sessed good tuberculostatic activities in guinea 
pips a t  doses as low as 0.05% in the diet. 

Experiment Bk 12!1. In  a delayed therapy 
experiment with guinea pigs. similar to the one 
performed with mice (Table IV): diet-therapy 
with Su 1795 was started 60 days after infec- 
tion and continued for 100 days. The results 
are given in Table \'I and Fig. 1 which is a 
schematic representation showing the extent 
of tuberculous involvement for each animal at 
time of necropsy ( 3 ) .  .4ccording to this data, 
Su 1795 compares favorably with Isoniazid at 
the same dose level in exerting a therapeutic 
effect in a well-established guinea pig infec- 
tion. 

Discussion. In an extension of earlier 
studies( 1 ) on antifungal and antimycobac- 
terial agents. a large number of synthetic sul- 
f ur-containing compounds. pafiticularly thiou- 
rea derivatives, have been investigated. Many 
of these newly tested substances were active 

.. .. - -  
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TABLE 11. Antitubercular Activities in Mice of Selected Thioureas. 

Su 1495/E 
1380 

1515 

1618 

1i95 

1814 
1607 
1566 
1906 

2211 

H- 
CH3CH20- 

C‘H,CH,O- 

4CH,CH3 

-0CHZCHZN (CHZCH,) 2 

2 .1 
L, .1 

.05 
5 .025 

-01 
4 .05 

.025 
5 .0.5 

.025 
>.s .05 

.05 .05 

.1 .1 

.1 .025 

- 

.01 

.05 
>.l .1 

19 
>3.5 

32.8 
> 35 

30 
>3.? 

25 
>35 
80 

>3.4 
19.2 
21.5 

>35 
31 

>35 > 39 

10 
80 
50 
60 
50 

100 
20 
70 

0 
100 

0 
0 

90 
40 
9Q 
60 

H3’iRv 
97 

Ravenel 

H37Rv 

1 9  

11 

Y7 

9 9  

* The coinpounds were prepared by Drs. C.. Huebner, J. Marsh, D. C. .Schroeder and C. R. Scholz of 
our Chemical Research Division (2) .  

TABLE 111. Effect of Delayed Therapy with Su 1795 on Mouse Tuberculmis. 

Cone. of 
SU l i 9 5  No.mice T59 % 

in diet, % Treatment started used (daj-s) survivors 

At time of infection 
3 days post-infection 
6 ” ” 

9 )’ ?’ 

12 ” ” *, 
15 ” ” 

18 ?’ ” 

3, 

9, 

9 ,  

1, 

At time of infection 
3 days post-infection 
G ” ” 

9 ” ” 

12 ” ” 

15 ” ’) 

1-ntreated controls - 

I ,  

9 ,  

1,  

77 

9 )  i 18 ” ” 

.1 

111 
10 
9 
10 
10 
9 

10 
9 
10 
9 

113 
10 
10 
8 

19 

>37 
> 3 i  
> 3 i  > 37 
>37 
>37 

>37 
>37 
>37 

34 
24 
1i  
17 
20.5 

19.5 

90 
100 
90 
90 
90 
70 
30 
8 0 
90 

100 
50 
40 
10 
0 
0 

in vitro against the pathogenic mycobacteria 
and several species of actinomyces and fungi, 
but exhibited only insignificant aotivities 
against staphylococci, E .  COG, SIiigella parady- 
senteriae, Salmonella and other common bac- 
teria, as was the case with the substances re- 
ported in the earlier study. However, this 
parallelism between anti-mycobaoterial and 
antifungal action is not evident in all in- 
stances, and such irregularities are not unex- 
pected. Substances commonly characterized 
as antibacterial, antifungal or as antiparasiti- 

cal agents do not necessarily act upon all bac- 
teria, fungi or parasites respectively but as a 
rule only affect certain species or more often, 
sub-species. It is probable that biochemical 
specificities, differences in permeability of the 
cell walls and many other factors play very 
important contributing roles. We feel that 
the observations reported in this paper support 
the theory that the botanical relationship be- 
tween the rnycobacteria and fungi is based not 
only upon superficial morphological character- 
istics but rather on profound biochemical re- 



772 ANTITUBERCULOUS ACTIVITY OF SUBSTITUTED THIOUREAS 

TABLE N. Effect of Limited Therapy with Su strong antitubercular activity in mice and 
guinea pigs. A number of compounds were 1795 on Mouse Tuberculosis. 

Cone. o'f Total time 
Su 1795 of treat- No. mice 

highly active in vitro bu't inactive in vivo, 
while others had very low in vitro activity but 
considerable in vivo activity, suggesting that 

10 2i-5 30 these latter compounds undergo a metabolic 
8 >44 70 

.1 9 9 >44 80 transformation into more active products. 
10 >44 100 From these data it is obvious that within this 
8 >44 8o class of compounds little relationship exists 

between in vivo and in vitro tuberculostatic 10 
10 33 

5% 5ur- 
in diet, % meat, days used T50 vivors 

-~ 

[ :  

23.5 30 
I ;: 

3 

.05 10 31 30 activities. 
80 
8o The activities of certain substituted thio- 

Untreated - 19 ureas such as Su 1795 and Su 1906 in guinea 
pig experiments exceeded those of PAS or 

9 >44 
10 

controls 
streptomycin, and approached that of Iso- 

lationships. As evident by this study, this niazid. 
theory has proven to be useful as a rational Preliminary studies thus far have indicated 
approach in the search for new antitubercular that in vitro resistance develops slowly and 
agents. that apparently no resistant forms of the 

Certain disubstituted thioureas exhibited tubercle bacillus arise in the course of animal 

TABLE V. Summary of Mean Gross Organ Involvement in Guinea Pigs Treated with Four 
Thiourea Derivatives. 

-Mean organ involvement- 
Site of 

Approx." % conc. 30. of inoc- Total organ 
Uompound MTD, % in diet animals Spleen Lungs Liver ulation involvement 

Su 1380 

Su 1795 

Su 1814 

Su 1906 

Isoniazid 

Tibione 

Untreated 
oontrols 

Pretreatment 
controls t 

2.0 .OB 

1.0 .05 

> .2 .OJ 

.1 .05 

.2 

9 
.I 

7 .- 
.1 

.1 .05 

.1 .OB 
.1 

.1 

12 
13 
14 
12 
13 
14 
1 0 
12 
13 
13 
12 
12 
13 

5 

5.8 5.0 6.7 5.8 
4.6 2.3 5.4 1.5 
7.2 8.6 7.9 1.4 
5.8 2.5 5.8 .8 

13.1 13.1 13.5 6.9 
13.6 13.6 10.7 6.4 
2.0 4.0 6.0 4.0 
4.2 4.2 6.7 2.5 
3.1 3.1 3.1 2.3 
1.5 1.5 2.3 .8 
9.2 10.8 12.9 5.0 
2.5 7.5 9.2 5.0 

23.7 25.3 24.2 10.0 

21.0 10.0 13.0 10.0 

23.3 
13.8 
25.1 
14.9 
46.6 
44.3 
16.0 
17.6 
11.6 

6.1 
37.9 
24.2 
83.2 

54.0 

* The M T D is based on a 60-day feeding period. Values indicate percentage of drug in diet. 
t These animals sacrificed on 21st day post-infwtion t o  asc>ertdn degree of tuberculosis in- 

volvement a t  commencement of therapy. 

TABLE VI. Influence of Delayed Therapy with S u  1795. 

.-Avg values assigned to-, 
YO conc. S o .  ani- Site of Total 

Compound in diet malsused Spleen Lungs Liver inoc. score 

Su 1795 .1 17 1.8 6.5 8.8 1.2 18.3 
Isuniaaid .1 18 2.8 5.0 6.1 1.1 15.0 
Untreated controls - 1 7  27.4 21.2 24.1 10.0 82.7 
Pretreatment - 5 35.0 22.0 24.0 10.0 91.0 

controlls 
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FIG. 1. Guinea pig experiment. Delayed therapy wtth Su 1795. 
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experiments. 
shown that infection of mice with a streptomy- 
cin-resistant strain of H3,Rv yielded to the 
action of the thiocarbanilides, and Rimifon- 
resistant strains retained their sensitivity to 
the thiourea derivatives. The favorable re- 

Cross-resisstance studies have sults obtained in the delayed and limited 
therapy experiments together with the high 
therapeutic index suggest that certain of these 
compounds warrant consideration as thera- 
peutic agents in the treatment of tuberculosis. 

The mode of action of our compounds is still 
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unknown. CVith the collaboration of Dr. F. 
Kull and Miss 31. Grimm of our laboratories, 
we have examined their influence upon various 
enzyme systems and found that their anti- 
tuberculosis action is not based upon an anti- 
phenolovidase activity so pronounced with 
thiourea and certain monosubstituted thiou- 
reas nor due to an effect upon cytochrome C. 
A very high in vitro activity against different 
strains of torula, which contain as do the myco- 
bacteria. a high percentage of lipids, may 
indicate a possible pathway for the tubercu- 
lostatic activity of these thioureas. 

Summary. 1. Over 350 thioureas have been 
prepared in our laboratories and tested for 
antitubercular activity. 2. A number of di- 
substituted thioureas have demonstrated con- 
siderable protective and therapeutic activities 
in tuberculous mice and guinea pigs. 3. Little 

correlation existed between the in vitro and 
in vivo tuberculostatic action. 4. Many com- 
pounds possessed strong antifungal as well as 
antimycobacterial properties. 

The authors wish to thank J. Boyd, T. Gisi, L. 
Lewis, J. Tanzola, h’. Stevens and Miss Leslie 
Thompson for t,heir technical assistance. 
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Determination of Specific Gravity of Intact Animals by Helium Displace- 
ment; Comparison with Water Displacement.* (20242) 

M. WALSER AND S. N. STEIN. 
From the Yaval Medical Research Institute, Bethesda, M d .  

Interest in the concept that the body is 
composed of a lean tissue mass of constant 
composition upon which is superimposed a 
variable amount of fat was stimulated by the 
work of Behnke( 1). In  normal men( 2 )  and 
animals(3) , the weight of fat-free tissue in the 
body as a whole or in individual tissues(4) is 
more closely correlated with the water and 
electrolyte content than is the weight of the 
total body or tissue. Since fat is relatively 
inert metabolically, the lean body mass may 
also be a more valuable referent for total 
metabolism than the surface area( 5 ) .  Since 
the specific gravity of fa t  is about 0.92 and 
the specific gravity of the fat-free body is 
about 1.100(2), the proportion of body 
weight which is lean tissue and, conversely, 
the proportion which is fat, may be calculated 
from the whole body specific gravity. In man, 
specific gravity may be determined by under- 

* The opinions expressed herein are those of the 
authors and should not be construed as necessarily 
representing the lapinion of the naval service. 

water weighing, if correction is applied for the 
residual air in the lungs. This procedure is 
difficult to perform because it requires con- 
siderable training and cooperation on the part 
of the subject, and it is not feasible in in- 
capacitated individuals. In  intact animals 
this procedure is obviously impractical, and 
it is necessary to sacrifice and eviscerate ani- 
mals in order to find their weight under water. 

The method herein reported permits rapid 
determinations of specific gravity in intact, 
unanesthetized animals. Body volume is 
measured by gas displacement. Weight (g) 
divided by volume (cc) gives specific gravity, 
and no correction for residual air is needed. 

Methods. Principle. A measured quantity 
of helium is added to a chamber containing 
the animal. After complete mixing of the gas 
with the air in the chamber and in the animal’s 
lungs, a sample is obtained for analysis. Then, 
by the dilution principle: Volume of empty 

vol .  of gas a’dded - chamber - - vol. of 
Final cone. of added gas 

animal. Helium was selected as the referent 


