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Ionization of Sulfonamides. 

CHARLES L. Fos, JR. ,  ASI) H.IKRY hf. ROSE. (Introduced by 
,i. R. Dochez.) 

From the Dcpartnlents of Birrtt.riolt)g!l and Medicine, College of Physicians and 
Su.rgeons, Colu ) ) I  bia 17niversity, N e w  Pork. 

A recent quantitative analysis of bacteriostasis by sulfanilamide, 
sulfapyridiiie, sulfadiaziiie and sul fathiazole showed that for inhibi- 
tion of Es. coli decreasiiig a m w i t s  of each drug in the order named 
were required.' Actually o v ~ r  six liuiidred times more sulfanila- 
mide is required than sulfathiazole or sul fadiazine, and similar results 
have also been obtained n-ith a variety of other microorganisms,' 
indicating that this regular iricwasing order of bacteriostatic potency 
is cliaracteristic of these S ,  sulfoiiatiiicles (Col. A, Table I)  and not 
attrilmtahle to the selectivt nctioii of one drug against a certain or- 
gaiiisiii. Furthermore, the quniititative relationships between these 
sulfonaniides and para aniiiiobeiizoic acid (PAB) differ just as 
widely; e. g., over 600 times more PAB is needed to block sulfathia- 
zole and sulfadiazine than to block sulfanilamide. (Col. F.) 
When the minimum effective concentration of each drug was tested, 
the same anmutit of P ,U was required to block each drug. (Col. E.) 
In other words. going from siil faiiilamide to sulfadiazine a pro- 
gressively larger proportioil of each drug actually present in the w l -  
tures appears to possess activity against either bacteria or PAB ; 
the active moiety presuniably being similar for each drug. 

It seems possible that such a partition into active and inactive 
portions might be coiitrolled by the extent to which the drugs are 
ionized in the cultures. AAccurdiiigly the dissociation constants were 
measured* (Col. 13) arid the percent of each drug ionized at pH 7.0 
(Col. C)  was computed. ( Some shift in the apparent pK may be 
expected to occur in complex biological media.) Based on these 
values and using the mininiuni effective amounts of drug added to 
the culture (Col. *I), the coilcentration of ionized drug was estimated 

1 Rose, H. M., and Fox: C. L., Jr.,  Science, 1942, 95, 412. 
2 Fox, C. L., Jr., and ROSC, H. M., iinpublished data. 
*The  drugs were dissolved in CO, free water and titrnted mith 0.01 N NaOH 

using the Beckinan glass electrode :ind potentiometer. The pK, values mere also 
obtained by measuring the pH of rquii i iol: ir  mixtures of the drugs and their sodium 
salts in C'O, fret. water. Thc dlug !.onc.c.ntr:itioiis used were about 0.001 M. 
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TABLE I. 
Ionization of Sulfonamides and Eff eetive Cancentrations of the Drugs. 

(A) (B) (C) (DI (El (F) (GI 
Min. amt 

PAB required 
to prevent 

bacteriostatis PAB 
Min. Acid Cone. of with - 

effective dissociation ionized drug drugs, PAB Ionized 
drug cone., constant, % ionized pH 7.0 Col. A, - Ratio drug 
M X  104 pK, a tpH7.0  M x 1 0 - s  M X10-0 Drug (Col. D) 

h l f d a m i d e  2500 10.5 0.03 0.71 0.5 1-5000 1/1.4 
Sulfapyridine 20 8.5 3.4 0.68 0.5 1-40 1/1.4 
Sulfathiazole 4 6.8 61.6 2.46 0.5 1-8 1/4.9 
Sulf adiazine 4 6.4 80.0 3.2 0.5 1-8 1/6.4 

The pK, of para aminobenzoic acid is 4.9.W Its influence on the ionization of these drugs 
is under investigation. 

(Col. D). From these values, the ratios PAB/Ionized Drug were 
obtained (Col. G). 

-4 coniparison of Cols. B and A shows that the variations in the 
dissociation constants and in the minimum effective concentrations 
are in the same order. More significant, however, is the fact that 
the concentration of ionized drug is approximately the same in cul- 
tures containing very different amounts of these drugs. Comparison 
of Cols. F and G shows that the wide differences in the PAB/Drug 
ratios are sharply narrowed and the ratios PAB/Ionized Drug are 
of the same order of magnitude. 

From these data certain important inferences may be drawn. It 
appears that only the ionized portions of the sulfonainide acids exert 
antibacterial action. Furtherniore, the minimal amount of each 
drug (ionized portion) needed to obtain bacteriostasis is approxi- 
mately the same. In other words it is possible that the relative bac- 
teriostatic potency of these drugs is only a measure of their ioniza- 
tion at biological hydrogen ion concentrations. To test this inference 
the minimal bacteriostatic concentration of sulfanilamide was meas- 
ured at pH 6.8 and at pH 7.8. Although growth in the controls 
was the same at both pH levels, 20,000 pM per L of drug were re- 
quired for bacteriostasis at pH 6.8, whereas only 2,500 pM per L 
were needed at pH 7.8. Since the ionization of sulfanilamide at 
pH 7.8 is increased ten-fold over that at pH 6.8, the amounts of ion- 
ized drug in the cultures are actually similar, despite the widely 
differing total amounts of drug employed. The significance of 
these observations in ternis of a mechanism of sulfonamide action 
needs further study. Woods postulated competition for a bacterial 

8 Holmberg, 2. f. Phys. Chem., 1908, 62, 728, cited in Beilstein, 1931, 14, 419. 
QAlbert, A., and Goldacre, R.., Natwe ,  1942, 149, 245. 
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enzyme l,etwc.cn one ni01 o f  :in essential metabolite, PAB, and 
525,000 11101s of sulfanilamide:’ It is apparent from the previous 
ocperinietits’ that the quantity o f  mzynie (nuniber of bacterial cells) 
is irrclevatit. The presciit data suggest that all the drugs react in 
roughly sitnilar ;miouiits tyit l i  approsiiiiately equivalent quantities 
o f  P-11;. 

There arc, in addition, important physiological implications. Since 
at the pH of t)ody fluids sulfariilamicle on the one hand is almost 
conipletely unionized arid suI fadiazine is alniost conipletely ionized, 
the question might well he raised ;is to the relative effectiveness of 
similar I)lood levels o f  these drugs. There is a possibility that in 
tlierapy lo\vet- I)lood lev& of s d  fathiazole and sulfadiazine might 
be just as effective since concentrations in excess of the miniinurn 
effective level do not further rrtat-cl bacterial growth. 

This di fcretice in degree o f  ic mization also exercises considerable 
control over- the sol~i ldi ty  o f  these tlrtigs ii i  biological fluids. Table 
I1 slio~vs that the low ivater- solul)ilit_v of sulfadiazine is increased 14 
fold in Wl.5 ~)hosp!iate hufier at pH 7.4. It is apparent that these 
data may account to a large extent for the differences in the absorp- 
tion. distril)utioii and excretion of these drugs. More detailed data 
011 these points together with related data on the acetylated deriva- 
tives will I)e piil)lishcd elsewhere. ’ It also seems possible, however, 
that these data explain r\Iarshall’s ohservation5 that sulf adiazine 
(ionized ) seems corifitied to extracellular fluid whereas sulfanilamide 
(unionized ) is clistrihted with 1)ody water.6 Finally, utilization of 

Tt\EI,E IT. 
Tiiflurncc of Toniz:ition o i l  tlic Solubility of Sulfonamides. 

No. of times 

3 i o ( ‘  phosphate buffer pH 7.4 in solubility 
Solu1)ility in  11,O Solubility in M/15* increase 

Sulfanilamide 1,400 mg per  100 w 1,720 mg per 100 cc 1.2 
Sulf apy ridi 11 e 49.5 ,’ 75 ” 1.5 
Sulfathiazole 94 ? *  248 ;; 2.6 8ulf adiazinc 12.3 ” 167 13.6 

*All measurements were made after fillering off the excess solid phase of drug 
at 37OC Drug conwntrations wew eatiiiiated by modifications of the method of 
Bratton and Mnrs1i:illlo using tlw Klrtt-Sumtncrsoa photo-electric colorirneter. 
The pH of npproxini:rtely 7.4 was ol , taint~cI aftcr the drugs --ere dissolved in buffers 
of higher pH. 

3 Woods, D. D., Brit. d .  E x p  Pu,tli.. 1940, 21, 74. 
4 Jensen, O., and Fox, C. L., Jr., in preparation. 
5 Marshall, E. K., Jr., Confercnw on Ch:hornotherapy, the New Pork State De- 

6 Painter, E., 11 m. J .  Phyx., 1940, 129, 744. 
partment of Health, 1941. 

10 Bratton: A. C. ,  and Marshall, 13. K., *Jr., J .  R i d  Chem., 1939, 128, 537. 
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this information has proved of value in providing new methods of 
local therapy with sul f onam ide derivatives.' 

It is a pleasure to thank 13r. David Ritteiilrerg for suggestions with 
the physical chemical nieasurements, and Tlr. Francis P. Chinard for 
his data on the dissociation constant of sulfanilaniide. 
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Mechanism of Sulf onamide Action. I. Acidic Dissociation and 
Antibacterial Effect." 

F H A N Z  c. SCHMELKES, OIiVlLLE LVYSS, HENRY c. ARKS, BERNARD 
J. LUDWIG AND FKEDE B. STRANTXKOV. 

From the Research Laboratories of Wallace and Tiernan Products, Inc., 
Bell milk, N.J.  

The antibacterial efficiency of sul fonamides as measured by their 
ability to o.c;erconie f-aminobenzoic acid ( PAB ) has previously been 
shown to be dependent upon the pH of the medium.' On the other 
hand, since the relative efficiency of sulfanilamide and sulfathiazole 
is nearly constant at different p € I  values and independent of the bac- 
terial species tested, the antibacterial property o f  each sulfonamide 
may be regarded as an inherent characteristk2 

The steric resemblance of sulfonaniides and PAB and the lack of 
activity of the ortho and ineta derivatives have been accepted as 
indicating a specific spatial charge distribution. In view of this 
specificity, one possible explanation of the difference in efficiency of 
the sulfonamides on the one haiid, and of the significantly large 
ratios of sulfonamide to PAE on the other, might lie in wide varia- 
tions in their acidic dissociation. This would lead to the conclusion 
that the effective constituent of sul fonainide solutions is either the 
anion or the zwitterion, rather than the undissociated acid or the 
cat ion. 

Preliminary values of the acidic dissociation constants of sul f anila- 
niide, sulfapyridine and sul fathiazole have been obtained using a 

7 Fox, C. L., Jr., in press. 
* The authors are grateful to Dr. William Mansfield Clark for advice on the 

1 Schmelkes, F. C., and Wyss, Orville, J. Bnct., 1942, 43, 71. 
2 Wyss, Orville, Grubaugh, K. K., and Schmelkes, F. C., Pmc. SW. ExP. BLOL. 

mathematical interpretation of the data. 

AND MMED., 1942, 49, 618. 


