
From Fig. 1 -4, it is appareiit that iii [H'] ranges where equation 
2 apl)lic's, the l)i-eclictecl straight li i i t l  plot is obtained, whereas in 
Fig. 1 13, it it; shon-ii that  clue t o  its high dissociation constant the 
su1f;tthiazole curve 1)etitls i i i  ;tccortlaiice with equation 1. Moreover, 
the predicted relatioii betwem sI01)c aiid Ks obtains. 

As sliowii in Fig. 1 13 ant1 iii  accordance with equation 1 the 
increase of the efficieiicy o f  wlfathiazole with pH beconies pro- 
gressively smaller, 1)egiiiiiiiig apl)roxiniately at p H  7. On the other 
hand. tlie correspondirig point o f  iiitlection for sulfanilaniide would 
I)e it i  the iiei~lil~orlioo~l of p F I  lo..;, i f  the pH is gradually increased 
al~ove a value of i .  srrlfaiiilaiiiitlc. shoulcl approach sulfathiazole in 
c ff ec t i v c'ti e s s . P r el i ni i t 1 a r y c' s 1 ) c' I- i 1 1 i ei i t s w it h ( ) r g an i sni s w7h i c h grow 
in synthetic iiietlia 1)uffert.d at slightly al~ove pH 9 indicate that 
sulfaiiilaniiclc ;ictiially :ilq)i-oac11~5 yulfatliiazole in efficieiicy when 
this high 1'11 is iiiaiiitaiiic(1. 

It h ) i i l t l  hc' 1)oriic i i i  iiiiii(1 tliat while the degree of 
acidic clissociatioii goyrriis the cfft.ctiveness o f  the active sulfoiia- 
niides studied, other iniportaiit factors are involved in the mechanism 
o f  sul foiiamide act ion. 

Further, this is oiily one asllect o f  tlie cliiiical prohleiii which is 
complicated hy considerations o f  al)sorption, solubility, toxicity, ex- 
cretion, etc. Xevertheless, it n.oult1 appear highly advantageous to 
maintain the pH o f  such infected loci that are to be treated with 
sul fonamides at tlie highest physiologically acceptable value. At  
pH 9 there is only coniparatively little difference in the bactericidal 
effect of sulfaiiilamide a i d  sul fathiazole. 

Sztm im7ry. From the nature o f  the function relating the effective- 
ness of ~ulfonanii~les t o  the hytlrogeti ion concentration the con- 
clusion can be clraLvii that the active agent in a sulfonamide solution 
is an anionic species. 

I)i.rci/.s.vio/i. 
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Factors Influencing the Choice of Media for in vitro Sulfonamide 
Studies. 

M E R L ~ N  L. COOPER .\N) HELEN M. KELLER. 
From thc Childrrn's Hospitcrl Rcs(cirrh Foundation and the Department o f  Pedi-  

atrics of lire Uniecr.qit?j of Cinciljncit i  College of Medicine. 

Certain media are reported to inhibit the action of sulfonamides 
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i ~ t  vitro. Lockwood' found that peptone inhibited the bacteriostatic 
and I)actericidal action o f  sul fanilaniide. MacLeod" has used a 
syntlietic, inhibitor-f ree iiiediuiii. comparison of viable bacterial 
counts aiid 1)acteriostatic aiid bactericidal concentrations of sodium 
sulfathiazole in several of our niedia iiidicatcd that there was a direct 
relation between the nutritive quality of the media aiid tlie bac- 
teriostatic aiid bactericidal coiiceiitratioiis of sodium sulfathiazole 
in the same niedia. In studying the growth curves o f  Shigellu p u m -  
dyseizferiac Hexncr in several media which we considered using for  
in zitro studies with sulfoiiainides, we observed (Table 1) that certain 
niedia favored the developnient of a large bacterial population while 
other niedia supported tlie growth of only a small bacterial population. 
The synthetic medium2 was composed o i  a mixture of salts with 
asparagiiie and glucose. This niediuni gave the least growth. bi ext 
in order were tlie nutrient broth, Bacto, which contaiiied beef ex- 
tract arid peptone ; and the 5 "/o veal infusion, also a ljacto niediuiii. 
The s ~ ~ i t h e t i c  medium was n d i  ini1)roved by the addition of 2 76 
Witte's peptone. The braiii-heart iii fusion niediuin lhcto, con- 
taining infusions from calf braiiis and bcef heart together with pro- 
teose peptone and glucose, gave very iiiucli bettcr growth than any 
o f  the others. Sodiuni sul fathiazole was added to tliese media in 
tlie following conceiiti-atioiis, 0.01 mg yi, 0.1, 1 .Of 5, 10, and increas- 
ing I)! 10 iiig up to 100. mg yb, then by 30 iiig up to 200 iiig %. 
tV1ien tliese media were inoculated with a fen- iiiici-oiirgaiiisiiis we 
oRservecl ( Table I) tliat the ~iiecliuiii wliicli might he considered 
most inhihitory to the action of this sulfoiiatiiirle was tlie medium 
which was most f avorahle to the dcvelopinent of the largest bac- 
terial pcqm!atioii, while the inediuiii w!iicli appeared to be the least 
iii1iil)itor~- ik-as the one which was least favoral)le f o r  an inci-casc in 
popuiatioii. In Tahle 1 are recorded the bacteriostatic aiid Ilacteri- 
citlal coiiceii tratioiis of sodium SLII fathiazole f or Shigella ptrmdyserz- 
trvitrr Flexiicr on 1, 2, 7, 11, aiid 21 days after inoculation o f  the 
various incdia with a small nuinber o f  bacteria pcr cc. All niedia 
were incubated at 37 C for 4 weeks. Prolongcd iiicubation resulted 
in iiicreases in the bacteriostatic coiiccntrations which in sonie in- 
staiices occurred gradually and iii others abruptly. When growth 
oiice appeared subcultures always remained positive for f 1-om 4 to 6 
weeks. Viable bacterial counts during prolonged iiicubation in concen- 
tratioiis of sulfonaniide which did not perniit itnniediate growth 
sliotved that tlie origiiial nunilxi" of 1)actcria inoculated decreased 
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TARLE I. 
Effect of Quality of 31 ediuni, Bacterial Popu1:ition and Time of Observation on Bacteriostatic 

iind B:ic.tcric.idnl Conc.cntr;itions of Sodium Sulfathiazole in uitro. 

?iC:1s. t G:ic.tcriostntic. cone. Bactericidal cone. 
~i:iLlc I):l?-s :ind 111g % Days and mg % 

c.ounts: Inol.ul:1 7 > r- \ 

N c  (1 i ;i millions per c . ~  1 t' 7 14 21 1 2 7 14 21 
* * * * +  * * + + *  Synthetic. 10 46 

Veal Infusion 375 46 0.1 0.1 1.0 1.0 80 >l50 150 80 80 80 
Syn. + 2% Peptone 660 46 5.0 40 100 100 100 >400 400 100 100 100 
Brain Heart Inf.  2080 25 < L O  60 150 150 200 > Z O O  > Z O O  200 200 200 

Nutrient Broth 220 25 0.1 0.1 0.1 20 60 250 100 100 100 100 

"No growth. Mncli larger iiioculinn ncct~ssnrp to obtain growth. 
tInoculum of 8.j b:ic.trria per ec. in Iog~ritlriuic. phase. 
$Viable counts mnile nf tc r  12, 16, 31. 9, 30, 34; :ind 48 hours. 

for a period of about 3 days a i d  then increased, slowly at first, then 
rapidly, to a total iiuiiiher iior~iial for that medium without sulfona- 
niide. Growth l)eca~ne visible wlieri the viable count was 15 to 20 
million per cc. 

Such late grou-tir is suggestii-e oi adaptation to environnient. W e  
have some data indicating that this niay lead to the developnient of 
drug resistance i l l  vitiro. Such slow adaptation with its resultant 
increase in bacteriostatic concentration was observed in all media 
tested by us. The prolonged incubation would seem to introduce a 
factor which does not enter into the interesting report of Rose and 
Fox3 which was piiblishecl just as this paper was completed. They 
conclude that bacteria possess the ability to undergo only a certain 
limited number of cell divisions in the presence of a bacteriostatic 
concentration of a sul fonaniide, regardless of the size of the inocu- 
luni. Their time of observation was only 4 days. Our results would 
indicate that a certain coiiceiitration of sulfonamide may be bac- 
teriostatic for as long as 7 clays (0.1 ing "/o in the case of nutrient 
broth, Table I >  after which time growth occurred not only in the 
concentration which had been bacteriostatic for 7 days, but also in 
higher concentrations. 

Frequent subcultures were made of each of the 19 different con- 
centrations of drug to determine the bactericidal concentration of the 
sul f onamide in each niediuni. The bactericidal concentrations were 
high at first but decreased rapidly and usually within 7 days reached 
a level ultimately shown to be the maximum bacteriostatic concentra- 
tion. It is observed in Table I that brain-heart infusion medium, 
which favored a high bacterial count, showed a bacteriostatic concen- 
tration on the second day of 60 nig % and on the 21st day 200 mg %. 
The bactericidal concentratioii was 200 mg %. Nutrient broth 

3Rose, H. M., and Fox, Charles L., Science, 1942, 95, 413. 
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which gave next to the lowest bacterial count showed a bacterio- 
static concentration for the same niicroorganism on the second day 
of 0.1 mg %, and on the 21st day 60 mg %. The final bactericidal 
concentration in this medium was 100 mg %. It would seem, 
therefore, that values for the bacteriostatic and bactericidal concen- 
trations of a sulfonamide compound for a certain microorganism 
in vitro are dependent upon certain variables such as nutritive quality 
of medium and time of observation. 

A third factor influencing the bacteriostatic and bactericidal con- 
centrations is the number of bacteria inoculated into the medium. 
The influence of this factor is demonstrated in Table 11, where the 
inoculum for nutrient broth varied from 33 to 33,000 bacteria per CC. 

The results observed in Table I1 show that the bacteriostatic and 
bactericidal concentrations of sodium sulf athiazole and sulfaguani- 
dine increased as the number of bacteria in the inocula were in- 
creased. For instance, the bacteriostatic concentration of sodium 
sulfathiazole was 1 mg % on the seventh day when the inoculuni was 
33 bacteria per cc, and 80 nig "/o on the same day with an inoculum 
of 33,000 bacteria per cc. The bactericidal concentration on the 
seventh day was 1 mg "/o with an inoculuni of 33 bacteria per cc, 
and 100 mg % when the inoculuni was 33,COO bacteria per cc. In 
o-eneral, the time of observation was again a factor as indicated by P increasing bacteriostatic concentrations and decreasing bactericidal 
concentrat ions with cont inued incubation. 

The same 3 factors exerted similar influences when sulfaguani- 
dine was used but it is observed in Table I1 that this sulfotiamide 
was much less bacteriostatic and bactericidal. The highest concen- 

TABLE 11. 
Influence of Number of Bacteria in Iiiwu!um. 

Sodium sulfathinzole in nutrient broth 
Days and mg% 

Inocula J I 

Flexner 7 I 7 

per cc 2 7  14 21  2 7 14 21 

Shig. Para. Bacteriostatic cone. Bactericidal cone. 
IF 

33 
330 

3300 
33000 

33 
330 

3300 
33000 

1 1 1 1 10 1 1 1 
1 10 en 1 0  10 10 1 1 

1 1 40 40 150 GO GO 60 
1 80 80 100 200 100 100 100 

Sulfaguanidiiie in nutrient broth 
10 20 20 20 >20@' 20 20 20 
20 80 >200* >zoo* >200* >zoo* >ZOO* >200* 

>ZOO" >zoo* >zoo* >zoo* 
80 >200* >200* >200* 

~ 

"Highest concentration used and not sufficient to give ultimate bacteriostatic 
and bactericidal effect with prolonged incubation. 



tratioii of sulfnguaiiitIiiic usctl in  these experiments was 200 mg %, 
siiicc solubility is oiily 220 iiig 7'0. 

Sttidies o f  thc d k c t  o f  certain niedia on the action 
of sulfonamides indicate that a medium which may seem to be in- 
hibitory is one which favors the growth and multiplication of bac- 
teria so that an ultimate large 1)acterial population results. Our data 
also indicate that a medium, which by comparison may seem not to 
be inhihitory, is one n.hich is not favorable to the developnieiit of 
large iiuiii1)ers of the hctci-ia uiidcr- study. I t  is also apparent that 
the type o f  iiiediuiii, tinic oi iiiculiation and number of bacteria 
in ociil a t et 1 arc i n 1  )r t ;\I i t inc t ( )i- s w 11 i ch shou Id influence conclusi oii s 
(li-a~.ii frc mi stil foiiaiiiide studius i l l  ciiro. I-'rolonged incubation may 
result in  xlaptatioii oi the lmtcr ia  to uiiusually high coiicentrations 
of the sul forimiitlt.. 

S m i m w y .  
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Inhibition of Antimalarial Action of Sulfonamides by p-Aniino- 
beiizoic Acid. 

I t  1ias l w i i  foiiiitl that 1'-;iiiiiii~,l,c.iizc,ic acid prevents the inhibitory 
actioii of sul faiiilaniidc o i l  thc growth of heiiiolytic streptococci in 
z i f r o ' ~  ; ~ n t l  in 71i7v)." This coiiilwiind also inhibits the therapeutic 
effect o f  sul fanilaniicle on mice iiioculatcd iiitracerebrally with the 
virus of 1lviiil)linCSr;Lnulonia veiic'rc111ii.~ I t  has been suggestetl'y * that 
sulfanilaniide exerts its action I)? cotiipeting for an enzyme associated 
with a iiictaholitc similar i i i  5trtictiii-e to p-aminoknzoic acid and 
essential to the orgmisni. 

C:oggeshal15 sliowed thxt sul fa~iilaiiiide had a marked effect against 
plasriiodia ( / ' Z w ? d i z t ~ 1 1  kuontlcsi i i i  rhcsus monkeys). Other sul- 
fonamidcs" were shown to he effective against P. knoudesi and against 
Pltrsitzodiriiir cyiiowolqi anti J ' ~ u . s ~ i i o d i ~ ~ ~ ~ ~  iimi in rliesus monkeys. 

1 Woods, D. D., :mil Fildcs, P., ( ' / / r w .  t o \ ( l  I) id .?  1940, 59, 133. 

3 Relhie, 3'. R., Brit.. J .  Bxp. Poi l~. ,  1940, 21, 90. 
4Findla;y, G .  M., Brit .  J .  E x p .  Pufh., 1940, 21, 356. 
5 Coggesli:dI, L. T.? Am. J .  Trop. Med., 1!)38, 18, 715. 
6 Cogges'hnll, 1,. T., arid Mninr, J . ,  J .  1 1 h . f .  I l k ,  1941, 69, 108. 

2 WOOCIS, 1). I)., Zhi i .  ,I.  EX^. Pt11It.. 1940, 21, 74. 


