
- -- 

DECEXBER8, 1939 SCIENCE 	 543 

SPECIAL ARTICLES 

T H E  BACTERIOSTATIC ACTION O F  SUL-


FANILAMIDE UNDER ANAEROBIC 

CONDITIONS 


ALTHOUGHthe therapeutic use of sulfanilamide and 
allied conlpounds has been attended with much clinical 
success, the mechanism of their action in orercoming 
various infections is still in dispute. The in vitvo 
studies of Locke,l Fox and coworkers2 and the theoreti- 
cal deductions of Shaffer3 have led many investigators 
to  assume that snlfanilanlide is bacteriostatic only in  
the presence of oxygen. Contrary to such claims are 
the important findings of Bliss and Long4 who re-
ported bacteriostasis of streptococci and pneumococci 
under anaerobic conditions. Howerer, Pox5 claimed 
that Bliss and Long had been unable to obtain complete 
anaerobiosis in their experiments and attributed these 
results to small amounts of oxygen still remaining in 
their media. 

TTe wish to report some data which completely sub- 
stantiate the claim of Bliss and Long that sulfanil- 
amide may be bacteriostatic under anaerobic condi- 
tions. During the course of some experiments designed 
to test the validity of the reduction potential theory of 
Shaffer and of the anti-catalase hypothesis of Locke, 
we have had occasion to examine the effects of 
sulfanilamide on the gromth of E. coli. This was done 
primarily because the respiratory n~echanisms and nu- 
tritional requirements of this organism are  better 
understood than are those of the coccus group and 
because it  has been pointed out6 that E. col i  is a n  
excellent test organism for  the accumulation of hydro- 
gen peroxide. 

Sulfanilamide produces, under giren circumstances, 
marked bacteriostasis in cultures of E. coli. Thus, in  
ordinary meat extract broth, bacteriostasis is obserred 
under aerobic but not under anaerobic conditions. On 
the other hand, in broth containing 1per cent. glucose, 
sulfanilamide produces but little effect. I t  might be 
claimed that this protective action of glucose is attrib- 
utable to its powerful reducing properties. Such does 
not appear to be the case, however. Both cgsteine and 
ascorbic acid, powerful reducing agents themselves, 
fail  to protect against the sulfanilamide bacteriostasis. 
Furthermore, as  will be reported in another paper, 
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glucose does not protect against the activity of sulfanil- 
amide towards E. coli in certain other media. 

I t  appears more probable that the protective action 
of glucose is based on its ability to supply to the cell 
a source of food and enelqgy that is unaffected by the 
presence of sulfanilamide. E. coli, when growing in 
nutrient broth, depends on the various constituents of 
this medium for its supply of food materials, and if 
sulfanilamide, for  any reason whatsoever, prevents the 
assimilation of various of these the growth of the cells 
mill be adrersely affected. On the other hand, if an-
other substance (glucose) assimilable in nutrient broth 
even in the presence of sulfanilamide is added to the 
basal medium, growth will not be affected to any notice- 
able degree provided that such a substance can supply 
energy sufficient to permit growth to the same degree 
as  do the constituents of the basal medinm. 

The proposition that sulfanilamide inhibits the 
mechanisms which enable the organism to grow aerobi- 
cally at  the expense of the constituents of nutrient 
broth finds some support in the follo~ving facts (Table 
I ) .  E. coli grows well aerobically in  nutrient broth 

TABLE I 

THEEBFECTo r  SULBANILALIIDE E. coli
ON GROWTHOF 

I N  NUTRIENT BROTHS 

Nutrient broth enriched with 

1per cent. glucose 
Oxygen
tension 	 Sulfaa- Sulfan-

ilamide ilamide -
10 mg 10 mg 


per cent. per cent. 

Aerobic .......... S+tt +tS+ t +tt 

Anaerobic . . . . . . . .  tftf- ++t. t 4-


but only poorly under anaerobic conditions. I n  the 
presence of oxygen, the energy required for  the multi- 
plication of such a facultative anaerobe as  E. col i  is 
obtained simultaneously from tx-o different sources- 
the one, an aerobic, the other an anaerobic mechanism. 
I f  sulfanilamide inhibits only the aerobic mechanism, 
the degree of growth in the presence of this chemical 
and oxygen should approximate that obtained in the 
absence of oxygen, and sulfanilamide should have no 
effect under conditions which induce anaerobiosis. 
Such is actually the case. 

JIoreover, since the addition of glucose enables the 
organisms to grow luxuriantly both in the presence 
and absence of oxygen, neither type of gromth in glu- 
cose broths should be affected by sulfanilamide if the 
latter does not inhibit the assimilation of glucose. The 
results in Table I demonstrate that both aerobic and 
anaerobic g r o ~ i ~ t h  in glucose broth are  the same in the 
presence as in the absence of sulfanilamide. 
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The type of bacteriostasis that has just been de-
scribed is quite siinilar to' that observed in the case 
of the heinolytic streptococci, since there is in both 
cases the same lag period before the bacteriostatic 
action beconies evident. 

Quite different results were observed when the organ- 
ism was grown in a synthetic medium of the follo~ving 
composition : 

4.0 g. (NH,),HPO, 0.7 g. MgSO, 
1.0 g. Sac1 Trace F'eSO, 
1.0 g.- I<EI,PO, 1000 cc. distilled water 

Adjust to pH 7 

As has been delilonstrated by Quastel et  crl.,' E. coli 
grows yell aerobically in such a medium when 1 per 
cent. lactate is added, but not a t  all under anaerobic 
conditions. On the other hand, the addition of both 
1per cent. lactate and 1per cent. nitrate enable, the 
organisins to grow anaerobically as well as aerobically, 
since the cells can utilize the energy obtained from the 
oxidation of lactate by nitrate to multiply in the 
absence of oxygen. 

TT711en snlfanilamide is added to cultmes glowing 
aerobically in the lactate medilun, very little bac-
teriostasis is evident. The sanlc is true for  aerobic 
cultures grox~ing in the lactate-nitrate medium. Hom-
ever, anaerobic cultures in the latter mediunl are mark- 
edly inhibited by the action of sulfanilamide. This, 
then, is an example of a case in which sulfanilamide is 
bacteriostatic in anaerobic but not in aerobic environ- 
ment. 

I t  is apparent that ~ulfanllamide prerents the oxida- 
tion of lactate by nitrate and so exerts its effect in 
anaelobic culture.. I n  this respect ~ t s  action is 5inlilar 
to that of the cyanides (Table 11). 

THEEFFECTO F  SLLFABILADZIDE ON THE GROTTHAhD CYABIDES 
O F  E. C 0 l i  IK A SYNTHETIC~ \ I E D I U ~ I  

Synthetic medium a 1 per cent. Lactate 
enriched with 

Oxygen 	 --
1per cent. nitrate 

--
tension sulfan- Sulfan-

ilamide ilamide
l:gg &I1400 1\1/400 -

Aerobic . . +t +t t t?+ ti. ++t-
Anaerobic . - - - - - + 

These results are not affected by the various methods 
einployed to obtain anaerobiosis, and they have been 
oblerved under conditions in which the oxygen content 
is so ~ O T Tthat it will not affect electroiie potentials or 
reoxidize leuco dyes. The folloxr-ing biological criteria 
of anaerobiosis could be obtained under the conditions 

7 J. H. Quastel, M, Stephenson and hi. Whetham, Bio  
c l ~ e m .  Jour., 19: 304, 1925. 

employed. I t  is known"hat E. coli is extremely sensi- 
tive to oxygen when grovn in inedia containing cya- 
nides and certain reversible oxidation-reduction sys-
tems. Furthernlore, the growth of H. influe~zaciein the 
absence of heinin is inhibited by the slightest traces of 
oxygen in the mediumQnd our methods of securing 
anaerobiosis vere sufficient to permit the gro~vth of 
both organisnls under the conditions mentioned. Cer-
tainly, the few molecules of oxygen that remain in the 
medium are insufficient to produce enough peroxide, 
('blue substance"lQr oxidized snlfanilamide to cause 
bacteriostaiis. 

These observations of the differences betn een the 
effects of sulfanilamlde In the nutrient broths and in 
synthetic inedia suggest that sulfanilamlde selectively 
inhiblts only certain mechanism. I t  follows that if, 
perchance, such nlechanlslns are elther e-sentla1 or 
beneficial to multiplication, the growth of the organism 

will be inhibited to a greater or lels extent. 
The a b o ~  e results lhould not necessarily be conltrned 

to indicate that the theorles of Locke. Shaber and Fox 
inay not explain the bacteriostasls observed n z  o i t ~ o  
under speclal conditions, but they appear to dernon-
strate that ,uch mechanisms can not be the >ole ones 
concerned. Experinlents in this laboratory have led 
us to believe that the bact~riostasis produced by sulf- 
anilamide and allied compolunds can not be attributed 
to any general, non-specific mechaui>in and that all 
efforts to derive knowledge concerning its mode of 
action ~ 1 1 1  be fntlle unless its effects are examined in a 
variety of media under different condltioaa. 

Thls x70rk has been carried on w t h  the technical 
assistance of Dan Pel ly.  

R. H. BROH-I<&HP\' 
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EFFECT O F  NICOTINAMIDE ON RESPIRA-
T I O N  O F  DYSENTERY BACILLI 

NICOTISIC acid has been shown to be essential for  
the growth of the dylentery organis111 on a synthetic 
medium con~posed of amlno acids, glucose and sa1ts.l 
Derivatives of nicotinic acid such as the amide, coen- 
zyme I and coenzyme 11,and other closely related com- 
pounds ~ 1 1 1  also function as  growth factors in a 
synthetic medi~uin.~ On the other hand, Lwoff and 
L~voff have shown3 that Hernophilus  pccvrrinfllcen~ae 
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