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Inhibitory Effect of 5,6=Dimethylbeneimidazole and of 1,2=Dimethyl, 
4,5=Diaminobenzene on Growth of Mycobacferium tuberculosis.+ (20971) 

LEONARD N. HALLINGER, ROBERT SILBER, AND GERTRUDE NEUMANN. 
(Introduced by Robert G. Bloch.) 

From the Pdntonary and Medical Divisions, Montefiore Hospital, New York Ci ty .  

The incidence of pernicious anemia has been 
reported to be less in patients with active pul- 
monary tuberculosis than in the general popu- 
lation( 1). I t  occurred to us that this obser- 
vation might reflect vit. BIZ synthesis by the 
infecting tubercle bacilli, with consequent 
masking of any clinical manifestations of per- 
nicious anemia.+ Advances in the application 
of biologic antagonism to anti-bacterial thera- 
py led us to investigate the influence of vit. 
B12 fragments on the growth of A4ycobacteri- 
urn tuberculosis. The primary objective was 
to determine whether blockade of vit. BI2 
synthesis or utilization in the tubercle bacillus 
might deprive the organism of an essential 
metabolite and thus halt its growth. 

Two compounds? 5.6-dimethylbenzimida- 
zole and 1,2-dimethyl 4,5-diaminobenzeneS 
have been described by some as precursors of 
vit. B12(3), and by others as vit. BI2 antagon- 

*We express our gratitude. to Dr. Robert G. 
Bloch, who gave generously of his advice and 
laboratory facilities, and to Dr. Raymond Weston 
and Dr. Louis Leiter for constructive criticism. This 
investigation was supported, in part, by a grant 
from the Minnie WaIIach MemoriaI Fund. Dr. Karl 
Folkers, Merck & Co., Inc., Rahway, IS. J., sup- 
plied 5 ,  6-dimethyl-benzimidazole and 1, 2-dimethyl 
4, 5-diaminobenzene,-the culture of Mycobacterium 
tuberculosis, €137Rv, by Mr. \trilliam Steenken, Tru- 
deau Laboratory, Trudeau, K. Y. 

t More recent evidence has supported our hy- 
pothesis that vit. B,, may be synthesized by Myco- 
bacterium tuberculosis(2). 

$ Hereafter referred to as 5, 6 D and 1, 2 D re- 
spectively. 

ists( 4).  The present report is concerned with 
preliminary observations of their effect on the 
growth of a virulent strain of Mycobacteriurrz 
tuberculosis in Dubos Medium. 

Method. Twenty screw-capped tubes, con- 
taining 6.1 ml of Dubos Medium and inocu- 
lated with roughly equal numbers of tubercle 
bacilli (0.1 ml of inoculum), served as con- 
trols. A similar quantity of such tubes, con- 
taining in addition, one of the various con- 
centrations of 5, 6 D or of 1, 2 D, served as 
the experiment. All concentrations were 
simultaneously tested. In detail, actively 
growing, 6-day-old cultures of the H37Rv 
strain of Mycobacterium tuberculosis, which 
had been subcultured at  least 3 times in 
Dubos’ Tween-Albumin Medium ( 5 ) , were 
employed as inoculum. Proportionate amounts 
of the basal culture medium and the inoculum, 
as well as the glucose and the bovine albumin, 
were pooled, to insure uniformity of concen- 
tration of the constituents in the many culture 
tubes. Subsequently, 5.1 ml of the suspension 
were added to each of the previously steril- 
ized tubes, which contained either 1 ml of 
basal medium plus the compound tested or 1.1 
ml of the basal medium for the control tubes. 
The final concentrations of 1, 2 D and of 5 ,  
6 D were achieved by adding appropriate 0.1 
ml aliquots of their aqueous solutions to lots 
of 20 tubes of inoculated medium. Because 
the 1, 2 D solution was found to be somewhat 
unstable, particularly when heated, it was 
sterilized by passage through a bacteridl filter 
prior to the addition of the inoculum. The 
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BIG. 1. Effect of 1,2-dimethyl 4,5-diaminoben- 
mne, in various concentrations, on growth of At. 
tuberculosis, H37Rv, in Duboa Medium. Each plot 
on graph repreeents arithmetic average of 20 

simultnneoasly growing cultures. 

tubes were incubated a t  37°C and shaken 
daily. Growth was determined turbidimetri- 
cally at 650 A, with a Coleman Jr. Spectro- 
photometer, according to the method of 
Schaefer et al. ( 6 ) .  This was usually recorded 
daily. Each experiment was repeated at  least 
3 times. 

Resdts .  Fig. 1 illustrates a single typical 
graph of the effect of 1, 2 D on the growth 
of Mycobacterium tuberculosis R37Rv, ex- 
pressed in units of optical density. It will be 
noted that with the lesser concentration, 8.0 
pg/ml, there is partial inhibition of growth 
for the first 4 to 5 days. Doubling the quan- 
tity of 1, 2 D, 16.0 pg/ml, produces complete 
cessation of growth by the second to third 
day. The fluctuations thereafter are within 
the range of experimental error. Subcultures 
taken from these tubes on the twelfth or 
fourteenth days yielded viable organisms 
when cultured on Dubos Medium. Slightly 
higher concentrations were needed to inhibit 
growth when it was sterilized by Selas filtra- 
tion rather than autoclaving. 

A greater concentration of 5 ,  6 D was 
needed to achieve comparable inhibition (Fig. 
2).  With this compound viable organisms 
could not be subcultured at the end of the 
experiment. 

Discussion. Antimetabolites are substances 
whose activity appears to be due.to structural 
similarity between their molecules and those 
of biologically important substances such as 
vitamins, hormones, or amino acids. Because 
of this structural similarity, they may become 
incorporated into the metabolism of the organ- 
ism a t  the reaction site (s) usually occupied by 
the metabolite they resemble. Their lack of 
biologic specificity prevents them from per- 
forming the exacting role usually required of 
the metabolite, and the reactions are blocked. 
These reactions are important in such func- 
tions as energy metabolism, growth, and re- 
production, and the deficiency state thus pro- 
duced may be manifested by cessation of 
growth or death of the organism. 

The study of the metabolism of vit. Bl2 
is comparatively recent. Degradation of this 
vitamin by acid hydrolysis has yielded 5 ,  6 D 
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FIG. 2. Eff wt of 5,6-dim&hylbenzimidazole, in 
vmioua wncentrations, on growth of Y. tubercu- 
losis, H37Rv, in Dubw Medium. Each pbt on 
graph reprei~ents arithmetic average of 20 simul- 

taneously growing cultures. 
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4 2 -Dimethyf, 5,6 -Dimethy/ 
4,5-Diamii~obenze~e benzjmfdmote - 

FIG. 3. An illustration of structural similarity 
between 1, 2-diineth>-l 4, 3-c~i~iiiiiiobeiizeiie aiid 5,  

6- diiiittt 1 I ylbcn ziiii i da zole. 

( 7 )  and also a dimethylbenzimidazole riboside 
which on further breakdown was found to 
contain the 1, 2 D moiety(8) (Fig. 3 ) .  Cer- 
tain observations with reference to these frag- 
ments have been made. 

Woolley(3) believes that they are pre- 
cursors of vit. BIZ, and has demonstrated that 
1, 2 D has the ability to counteract, in a 
competitive fashion, the toxicity of 1,2-di- 
chloro 4,Sdiaminobenzene which he had de- 
veloped as an antimetabolite to both ribo- 
flavin and vit. B12. Emerson et d ( 9 )  have 
shown 1, 2 D and 5, 6 D to possess vit. BIZ 

activity for the rat. Conversely, they have 
been thought to be vit. BIZ antagonists by 
Hendlin and Soars who demonstrated growth 
inhibition of Lactobacillus Zactis Dorner and 
other vit. B13 requiring organisms, with addi- 
tion of 1, 2 D and 5, 6 D to the culture medi- 
um(4). The growth inhibitory effects of the 
benzimidazole nucleus (which is parent to 
both these compounds) has been adduced to 
operate in the area of vit. BlZ-nuc1eic acid 
metabolism, since purines and vit. BIZ can 
reverse this inhibition in some species of 
microorganisms ( 10). 

While the evidence implicating these com- 
pounds in the metabolism of vit. B12 is indirect 
and circumstantial, the present report would 
seem to demonstrate yet another species in 
which vit. B12 is a metabolite,, and in which 
these compounds produce a biologic effect. 
The results which we have obtained lead us 
to suspect that 1, 2 D and 5 ,  6 D may act as 
antimetabolites rather than precursors of vit. 
B12, and either block its synthesis or compete 
for this vitamin's role(s) in the intermediary 
metabolism of the tubercle bacillus. The 
possibility also exists that these compounds 
are not active in the form wherein they were 

added to the culture medium, but rather 
underwent chemical change in the Dubos 
Medium to become a new substance, the active 
inhibitor.O We recognize too, that another 
mechanism, yet unknown, may be the effec- 
tive one. Further studies are planned in the 
hope of developing a new class of compounds 
of possible therapeutic value. 

Conclusions. Two compounds, 5,6-dime- 
thylbenzimidazole and 1,2-dimethyl 4,S-di- 
aminobenzene, which have been previously 
implicated in vit. B12 metabolism, were found 
to inhibit the growth of Mycobacterium 
tuberculosis, strain H37Rv, in Dubos Medium. 

$1,  2 D is known to be somewhat unstable 
in aqueous solution(l1). The color change noted 
on autoclaving, and even at  37OC after 10 to 15 
days in solution, perhaps results from a chemical 
reaction with one or more of the constituents of the 
culture medium. Some of the resultant products 
may possibly be similar to those synthesized by 
Woolley( 12)) with substituted or added alkyl groups 
on the parent nucleus. I t  may be that the superior 
inhibitory activity of 1, 2 D is due, in 'part, to one 
or more of these substituted compounds, rather than 
the parent compound. Since 1, 2 D and 5, 6 D 
are closely related (Fig. 3), it is probable that the 
mode of action of these and bheir questionably sub- 
stituted forms are similar. 
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