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The antituberculosis property of 4,4'-diaminodiphenyl sulfone 
(DDS) in experimentally infected guin ea-pigs e)' and its beneficial 
effect on experimental infection due to Mycobacteriurn ulcerans in mice 
(2), suggested that this drug may have an inhibitory effect on other 
mycobacteria. In a preliminary r eport (4) it was r ecorded that infec­
tion was r etarded by the administration of DDS in the food of mice 
experimentally infected ·with M. aviu1n, M. jortuitum, M. rnicr-oti, and a 
photochromogenic mycobacterium. It was also recorded that in vitro 
tests disclosed wide variations in sensitivity to DDS among 21 strains 
of M. t'uberculosis, as well as among 34 strains of unidentified Mycobac­
t erium spp. 

The present r eport describes the procedure and the r esults of in 
vitro tests of the sensitivity to DDS of a variety of acid-fast mlCro­
orgamsms. 

METHODS 

The tests were p erformed on slants of egg-yolk agar containing DDS in concentra­
tions of 3.1, 12.5, 50.0, and 100.0 mcgm. per millilitcr.2 The medium was' prepared as 
follows : 

The DDS was r emoved f rom it container with a sterile spatula, weighed in a sterile 
test tube, and dissolved in 50 per cent aqueous ethyl alcohol (volume/ volume) which had 
been prepared in sterile glassware with sterile distilled water. That concentration of 
ethyl alcohol was needed to dissolve the water-insoluble DDS sufficiently. A stock solu­
tion of 20,000 mcgm. was prepared and maintained at 50°C, because at lower tempera­
tures the solution was not clear due to the partial precipitation of DDS. Suitable dilu­
tions of the stock solution were made with the 50 per cent alcohol maintained at 50°C in 
such a manner that the required amount of DDS for 100 cc. of medium would be con­
tained in the 0.5 ce. solution. Previously it had been found that the addition of 0.5 cc. of 
50 per cent aqueous ethyl alcohol to 100 cc. of egg-yolk agar would not cause inhibition 
of growth of M. tuberculosis, M. bovis, or M. avium. 

The 0.5 cc. of DDS solution was added to 90 cc. of sterile melted nutrient agar8 
which had been cooled to approximately 50°C. This was followed by the addition of the 
yolk from a fresh egg, the total volume of which is approximately 10 cc. The materials 

lThis investigation was supported ill part by Research Grant E 2357 from the National 
Institutes of H ealth, United States Public H ealth Service. 

2The 4,4'-diaminodiphenyl sulfone was kindly supplied by Dr. A. C. Bratton of Parke 
Davis and Co., Detroit, Michigan . ' , 

3The medium was Difco llutrient agar or tTypticase-soy agar, Digestive · F erments Co., 
Detroit, Michigan. 
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were mi xed by r otating gentl y, to avoid foam, and then distribu ted iuto steril e screw­
capped tubes (20 by 100 mm.) in approximately 4-cc. amounts and slanted. The tubes 
were ready for use when tbe agar became firm. A control tube of egg-yolk agar with no 
DDS, and another witb agar to which bad been added 0.5 ec. of 50 pel' cent eth~'l al cohol 
pel' 100 ce., were used for each test. 

The tubes were inoculated with 0.1 cc. of bacterial suspension containing approxi­
mate ly 0.1 mgm. of bacteri a. The suspension were prepar ed in steril e water by g rind­
ing with a glass rod a loopf ul of growth in the bottom of a test tube. For some of the 
microo rganisms a suitable uspension could be made with the inocula ting loop alone. The 
SUSPCJ1 . iOlls were compared to a density standard comparable to tube No. 1 of McFar­
land's nephelometcr. It had been determined that the amount of inoculum could \,Hry in 
f1.v cfold dilutions without vari ation in thc results of the sensitivity tests. 

'fh e tests were r ead af ter 14 days of incubation at 37° C cxcept lll. boris, which was 
read aftcr 28 days, and M . u lcem ns, which was incubated at 31° C for 28 days. The 
sensitivity of each strain was recorded as the lowest coneentration of DD S which in­
hibited g rowth. 

RESULTS 

Th e egg-yolk agar control, without DDS, supported good growths 
of all the microorganisms tested. N or was ther e any inhibition of 
growth in any of the tes ts on the control medium containing 0.25 per 
cent ethyl alcohol. On the t es t media there was usually a sharp end­
point of growth; that is, ther e was seldom a gradual diminution of 
growth from the lower to the higher concentration of'DDS. This was 
due, perhaps, to the fourfold differ ence in concentration of DDS from 
tube to tube. Some of the photochromogens failed to develop the char­
acteristic yellow pigment when they gr ew in the tubes with the higher 
concentra tions of DDS. 

']'he r esults of the sensitivity tests are r ecorded in Table 1. The 
number of strains of lYI. t'Ubercu,losis r esistant to isoniazid, streptomy­
cin, or to p-aminosalicylic acid is too small for valid comparison, but 
there vms no apparent cross r esistance between these drugs and DDS. 
'Wid e variation of in vitro sensitivity to DDS within species of myco­
bacteria as well as between groups can be observed. Only the Nocardia 
asteroides seemed consistently to be r elatively r esistant. 

Comparison of the r esults for the Mycobacterimn spp. disclosed 
no real differ ences in sensitivity between the photochromogens and the 
skotochromogens. However, as a group, the nonchromogens appear to 
be r elatively r esistant to DDS in vitro ; of the 71 nonchromogens only 
15 (21.1 70 ) were inhibited by 12.5 mcgm. or less, wher eas 22 (75.870 ) 
of the 29 skotochromogens were inhibited by 12.5 mcgm. or less. Also 
only three (10.4 70 ) of the 29 skotochromogens were able to grow in the 
presence of 100 mcgm., wher eas 22 (31.0 70 ) of the nonchromogens were 
r esistan t to "100 mcgm. 

Inspection of the data for M. avi1.trn shows that these microorgan­
isms are r elatively sensitive to DDS when compared to the nonchromo­
gens ; 39 of 55 strains (71.0 70 ) were inhi'bited by 12.5 mcgm. or less, 
against only 15 of 71 strains (21.1 70 ). This is of particular interest 
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'r ABL E 1.- ensit ivity of acicl-fas t micl'OQ1'ganisms to 4)4'-diaminodiphenyl su lf one (DDS) 
in egg-yolk agal·. 

No. of stra ins inhibited by 

No. 
r especti ve concentra tion 

Type of of 
of DD S in micr ograms" 

Not inhibi ted 
microorg ll nism stl'll in s 3.1 12.5 50 100 by 100 

lJfyrobactel'illm 
tu uercll losis 201 12b 35e 102<\ 41 11 
bo vis 19 2 5 6 3 3 
({ l' i ll 1n 55 31 8 7 3 6 
m icrol i 1 1 
ba,lnei 1 1 
ulce ran s 3 2 1 
for iliitu ill 1 1 
sm eg mat is 1 1 

1i'[y cobactel'i ll'lll 81)1' · 
p hotochroll1ogcnC 20 9 7 2 1 1 
skotochromogene 29 1-1 8 4 3 
nonch j'oll1ogene 71 4 11 13 21 22 

Nocard ia asteroides 15 2 13 

"Lowest conce ntmtio n in micl'ogl'ams pel' cubic cent imeter which inhibi ted g rowth. 
bIncludes 3 resista ll t to isoniazid (I NR ) . 
eIncludes 2 resista nt to I N R, 1 to p-aminosa licylic acid ( P AS ) , 2 to I N R and P AS, and 

3 to I N R , PAS and st reptomycin . 
dIncludes 3 resistant to I N R, 2 to PAS and 1 to I N R, P AS and streptomycin . 
eThese t erms refer to the groups proposed by Runyon ( 5) . 

because these nonchromogens were indistinguishable from M. av i1£1n on 
the basis of cultural characteristics. 

DISOUSSION 

These findings are not directly comparable to tho e reported by 
Gupta (3), who used Lowenstein-J ensen medium which was inspissated 
at 90° C for 1 hour after addition of the DDS. \1so, Gupta's data were 
r ecorded as ratios of the minimal inhibitory concentrations of test 
strain s as compared to a standard, without r ecord of the actual mini­
mal inhibitory concentration. Nevertheless, there are certain similari­
ties between the r esults obtained by him and these r eported her e. r:ehis 
study confirmed that there is no cross r e istance between DDS, isonia­
zid, p-aminosalicylic acid and streptomycin. In both studies, the N 0 -

cardia asteroides appeared to be relatively r esistant to DDS. Concern­
ing 11/. tuberculosis ) approximately 6.0 per cent of 68 train s examined 
by Gupta appeared to be r esistant to DDS, which is similar to the data 
presented in this r eport; that is, 11 of 201 strains (5.5<;'0 ) rer e not in­
hibited by 100 mcgm. of DDS pel' cubic centimeter of medium. A com­
parison of data for the other microorganisms cannot be made, but it 
appears that Gupta also found wide val'ia tion in the in vitr'o activity of 
DDS against acid-fast microol'gani ms. 
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SUMMARY 

Tests for in v itro inhibitory activity of 4,4'-diaminodiphenyl sul­
fone (DDS) against acid-fa t microorganisms were made on egg-yolk 
agar medium containing DDS in concentrations of 3.1, 12.5, 50.0, and 
100.0l11cgc.jcc. Each egg-yolk agar slant was seeded with 0.01 mgm. of 
bacteria in 0.1 cc. of sterile water. All tes t were read after 14 days of 
incubation at 37 D C except those for M. bovis, which were incubated for 
28 days, and those for M . ulcerans, which were incubated at 31 DC for 
28 days. r:J~he sen itivity of each strain wa recorded as the lowest con­
centration of DDS which inhibited growth. 

As a group, N oca,rclia asteroides appeared to be r elatively insensi­
tive to DDS: 13 of 15 strains were not inhibited by 100 mcgm. Among 
the mycobacteria, however, there was a wide variation in sensitivity. 
For example, of 201 strains of M. tub erculosis, 12 were inhibited by 3.1 
mcgm., 35 by 12.5 mcgm., 1'02 by 50 mcgm., 41 by 100 mcgm., while 11 
were not inhibited even by the last concentration. There appeared to be 
no cross-resistance between DDS and streptomycin, isoniazid, or p­
aminosalicylic acid . 

The inhibitory effect on M. bovis and on 111. avium was similarly 
variable. More M. aviU1n strains were sensitive to the lowest concen­
tration of DDS than was either M. ttlb erc1llosis or M. bovis. Two of 
three strains of M. ulcerans were inhibited by 3.1 and one was inhibited 
by 12.5 mcgm. of DDS. There was no real difference in sensitivity be­
tween the photochromogens and skotochromogens, and variations with­
in both groups were evident. The nonchromogens appeared to be the 
most insensitive of the Mycobact erium spp. although they, too, were 
variable in sensitivity. 

RESUMEN 

Pruebas relativas a la actividad inhibidora in t'it1'O de la 4,4' -d iaminodifenil-sulfona 
(DDS) contra microbios acidorresistentes se hi cieron en un medio de agar-yema de buevo 
que contenfa la DDS a concentraciones de 3.1, 12.5, 50.0 y 100.0 mcgms,/cc. Cada 
pelfcula inclinada de agar-yema de buevo se sembr6 con 0.01 mgm. de bacterias en 0.1 cc. 
de agua esteril. Todas las pruebas f ueron lefd as ttl cabo de 14 dfR s de incubaci6n, excepto 
pOI' las del M . bovis, que fUel'on incubRdas durante 28 diRs, y IRS del M. ulcerans, que 
se incubRron a 31 0 C. pOI' 28 dias. 

La sensibilidad de cada cepa registrada como la concentraci6n mas baja de DDS 
que inhibfa In proliferaci6n. 

Como grupo, la No canli(! aste1'Oides pa l'eci6 ser relativamente insensible a la DDS: 
13 de 15 cepas no f ueron inbibidas pOI' 100 mcgms. Sin embargo, entre las micobac­
terias, hubo amplia variaci6n en la sensibilidad . POI' ejemplo, de 201 cepas del M. 
t1tb el'culosis, 12 fueron inhibidas pOl' 3.1 mcgms, 35 pOI' 12.5 mcgms, 102 pOl' 50 mcgms, 
41 pOl' 100 mcgms, rnientra que 11 no fueron inhibidas ni aun porIa ultima concClltra­
ci6n. No pareci6 que hubiere resistenria cruzada en la DDS y la estreptomicinn, la iso­
niacido 0 el acido p-amino ali cllico. 

EI efecto inhibidor sobre el M. bov is y el M. avimn vari6 en forma semejante. Mas 
cepas del M. (l1 ,ium fueron sensibles a la minima concenh'Rci6n de DDS que ya del M. 
tubel'culosis 0 del M. bov is. Dos de tres cepas del M. ulcerallS f ueron inbibidas pOl' 
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3.1 y una pOl' 12.5 mcgms. de DDS. No hubo diferencia real en sensibilidad cntrc los 
fotocTomogenos y los escotocromogenos y las varia ciones dentt·o de ambos g rupos erltn 
evidente. Los no cromogenos paracfan SC l' los mas inscnsiblcs de la SlJP. Mywb((cten:mn, 
aunl]ue ellos tambien eran variables en sensibilidad. 

RESUME 

Des essa is portant sur Ie pouvoir d'inhibition in ,;itro de Ia 4-4'-di am inodiphenyl sul­
fo ne (DDS) sur les micro-organisme acido-resistants ont ete menes sur un milieu agar­
jaune d'oeuf contenant de la DDS a des concentration de 3.1, 12.5, 50.0, et 100.0 megm./ 
cc. Chaque disque d'agar- jaune d'oeu E a He ensemence avec 0.01 mgm. de bacteries 
eliln . 0.1 cc. d'eau sterile. Tous les resultats fnrent l'eleves apres 14 jours d' incubation a 
37° ., sauf en ce qui conccrne M. bo6s qui fut incube pendant 28 JOUl'S, et lIf. ulcerans, 
qui f ut incube pendant 28 joms it 31° C. La sensibili te de chaque souche fut consignee 
CO ll1ll1 e etll nt la plus faible concentration inhibant la croissance. 

Comme groupe, No cal'clia astel'oides se revel a relat ivement insensible i't. la DD S : 13 
des 15 souches ne furent pas inhibees par 100 mcgm. Pour les mycobacteri es, cependant, 
on enregistra une grande variation de la sensibilite. Parmi 201 souches de iJf. tt/bercu­
losis, par example, 12 fm ent inhibees par 3.1 Ill cgm ., 35 par 12.5 mcgm., 102 par 50 
mcgill., et 41 par 100 mcgm., tandis que 11 n'Ha ient pas inhibees meme it cette derniere 
concentration . II n'apparait pas y avoi l' de resistance cro isee entre la DDS et la . trepto­
mycine, l'isoniazide ou l'acide p-alllinosalicylique. 

De meme, Ie pouvoir inhibiteur sur M. bovis et lIf. arium a ete variabl e. Plus de 
souches de M. avimn ont ete sen ibles aux conccntrations les plus faibles de DDS que 
cela n'a He note avec M. tubM'culosis ou 11[. bovis. Deux des troi s souches de M. ulcerans 
ont ete inhibees par 3.1 mcgill. et une par 12.5 mcgm. de DD S. II n'y a pas eu de reeUes 
differences de sensibilite entre les photochromogenes et les skotochromogenes, mais les 
variations dans chacun de ces groupes ont Me notables. Les non-chromogenes se sont 
l'eveles les plus tolerants de l'espece Mycobactel'iu'In, bien que eux aussi aiell t presente 
des variations de sensibilite. 
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