
AN ABSTRACT OF THE THESIS OF 

Irving Milton Shapiro for the LS. in 

(Name) (Degree) 

Date rphesjs presented May 15, 1942 

Bacteriology 

(Mai or) 

Title A Study of the Mode of Action of Sulfanilamide 

abstract Approved:___  
(Major Professor) 

Fol1owin., the sugostion of Johnson that possibly 
the action of narcotics may provide sorne evidence as to the 
mode of action of 3ulfanllsinide two types of experiments 
were decided upon. The first experiment consisted of a 
qualitative study of the effects on bacterial. rowth by the 
interaction of sulfanilamide and HgC1,, and also of para- 
aminobenzoic acid, indol-3-acetio aci and sulfamic acid 
upon sulfanilainide and HgCl,, usin a modified agar cup plate- 
wet filter paper met'od. Te resr1t showed that indo].-3- 
acetic acid and sulfamic acid had no effect, that para- 
aminobenzoic acid CUd not affect H12 lfllt did antaonize 
sulfanilamide inhibition and caused a stimulation of growth 
at a hihor concentration of u1fni1ainide, that bichloride 
of mercury ccnbined with sulfanilanide and showed an additive 
inhibition effect, that in certain concentrations the 
HgC1., masked sulfanilamide action. 

The second experiment consisted of a quantitative 
studr of the effect on growth of Esoherichia coli by the 
interaction between sulfanilamide and bichloride of mercury, 
In a synthetic broth meum. The results indicate that a 
non-toxic concentration of sulfanilamide and HgC12 when 
combined may form a toxic product, that HgC19 can antagonize 
the action of sulfanilarn!de, and that suifanflamide can 
antagonize the action of bch1oride of mercury. 



A STUDY OF THE MODE OF ACTION 
OF SULFANILAMIDE 

by 

IRVING MILTON SHAPIRO 

A THESIS 

submitted to the 

OREGON STATE COLLEGE 

in partial fulfillment of 
the requirements for the 

degree of 

MASTER OF SC IENCE 

May 1942 



APPROVED: 

Professor of Bacteriology 

In Charge of Major 

Head of Department of Bacteriology 

Chalrraan of School Graduate Committee 

Chairman of State College Graduate Council 



ACIOWLEDGEIENT 

The author wishes to express his sincerest 

appreciation for continued interest of and guidance by 

Dr. Car]. Lamanna of the Bacteriology Department. Dr. 

Lamanna suggested the experiments and guided the thesis 

to its ultimate conclusion. 

The author is also indebted to Professor 

G. V. Copson, Head of the Bacteriology Department, for 

reading and critizing this thesis, to the entire Bacteri- 

ology Department of Oregon State College for obtaining and 

making the materials used, to Richard E. Cook for techni- 

ca]. assistance, and to the Oregon State College Library 

for their cooperation in obtaining essential written 

reference materials. 



Table of Contents 

Introduction . . . . . . . . . . . . . . . . . s s 1. 

His tor i cal . . . . . . . . . . . . . . . . . . . . 3 

Experimental . . . . . . . . . . . . . . . . . . . 9 

Experiment I . . . s . s . s . . s s . s 9 
Procedure. . . . . . . . . . . . . . . . . . 10 
Results. s . s . 12 

Escherichia coli and Aerobacter aerogenes 12 
Controls . . . . . . . . . . . 12 
Mixtures . . . . . . . . . s s 12 

Pseudonionas aeruginosa. . . . . . . . . . 14 
Proteus vulgaris. . . . . . . . . . . . 14 
Bacillus subtilis . . . . . . . . 14 
Stathvlococcus aureus . . . . . . . . . 15 
Bacillus vulgatus a Bacillus cereus . . 15 
Streptococcus mogenes and Streptococcus 

1 actis . . . . . . . s s s s s s . . 15 
Discussion . . . . . . . . . . . . . . . . 16 
Conclusion . . . . . . . . . . . . . . 17 

Experiment II . . . . . . . . . . . . . . 17 
Procedure. . . 5 . . 18 
Results. . . . . . . . . . . . . . . . . . . 20 

Statistical Analysis--Definitions and 
Formulae . . . . . . . . . . . . . . . 20 

Discussion . . . . . . . . . . . . . , . . . 22 
Conclusion . . . . . . . . . . . . . 25 

Bibliography . . . . . . . . . . . . , . . , 27 



A STUDY OF T MODE OF ACTION 
OF SULFANILAMIDE 

Introduction 

The study of the mode of action of sulfanllamlde 

In recent years has turned to an investigation of the ef- 

feet of various compounds on sulfanilamide in vivo and in 

vitro. These investigations have been principally upon 

the competitive action of para-aminobenzoio acid and sul- 

fanilamide. Johnson (10) has expressed doubt as to the 

competitive action of sulfanilamide and para-aminobenzoic 

acid for the sanie receptor, and showed that ethyl carba- 

mate (urethane), an entirely unrelated compound, may also 

exert anti-sulfanilamide effects on luminous bacteria. 

Johnson suggests that sulfanilamide, para-ninobenzoic 

acid and urethane are all narcotics, and that the stimu- 

lating effect of one narcotic may antagonize or overcome 

the inhibitory effect of another that is present. Clark 

(4), in his text on the mode of action of drugs on cells, 

considers it a common occurrence that one drug may inhibit 

the action of another drug upon the cells. 

With Johnson's observations in mind the present 

experiments were undertaken using bichloride of mercury 

and sulfanilamide. Hotchkiss (9) found that a very low 

concentration of HgC12 (.000001 M) would cause slight 
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stimulation of Eseherichia coli in a one percent peptone 

medium. Lamanna (12), using the agar cup plate technique, 
noted that sulfanilamide in low concentration produced a 
zone of stimulation. 

In the present investigation both "narcotics" 

bichloride of mercury and sulfanilamide were placed on an 

inoculated agar plate at such a distance apart that their 

stimulating zones would just touch. The object was to 

note whether or not there was an added stimulative or in- 

hibitory effect. In other experiments para-antinobenzole 

acid was added to the plates and its effect on sulfanila- 

mide and HgCl2 noted. 

Experiments were also run in synthetic liquid 

media using concentrations of sulfanilamide and bichloride 

of mercury that should be stimulative and inhibitory, to 

note whether or not a stimulative effect of HgC12 could 

overcome an inhibitive effect of sulfanilamide, or if a 

stimulative effect of sulfanilamide could overcome an in- 

hibitive effect of bichloride of mercury, 
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Hl storical 

Pronto sil and neoprontosil were first used as 

chemotherapeutic agents by Domagk in 1934 (5). Trfoué1s, 

in 1935 (26), noted the relationship between these coin- 

pounds and sulfanilamide. The discovery of sulfanilamide 

as a chemothorapeutic agent is said to be the greatest ad- 

vancement in chemotherapy since Ehrlich's discovery of ars- 

phenamine. It stimulated an enormous amount of research, 

and groat progress has been made in the clinical use of 

su].fanilamide and several of its derivatives. However, 

not until recently has a suitable theory been proposed to 

explain the mechanism of the action of sulfanilsinide. 

Levaditi, in 1937 (14), stated that sulfanilamide 

or an active principle of the drug, interferes with the 

nitrogen source of the bacteria. Lockwood (15) noted the 

antisulfanilamide effect of peptone and assumed that the 

sulfanilarnide interfered with a bacterial enzyme, and that 

the peptone overcame this interference by supplying an 

excess of some essential nitrogenous material. Stamp (24) 

extracted from a broth culture of streptococcus a fraction 

able to antagonize the bacteriostatic action of su].fanila- 

mide and sulfapyridine in vitro. This fraction was found 

to be active in low concentrations, to be non-protein in 

nature, to resist heat, dilute acids, and alkalis, and to 
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consist of substances of relatively low molecular weit, 

including free amino acids. Green (8) obtained a 

factor from I3rucella abortus, which was antagonistic to 

sulfanilanilde activity in vitro. Woods (29) extracted 

from yeast an inhibitory factor which was closely related 

to sulfanilamide, end which he assumed to be para-amino- 

benzoic acid or a very closely related compound. 

Fildes (6) experimenting with the anti-bacterial 

action of bichloride of mercury concluded that inhibition 

was caused by the diffusible salt entering the cell and 

combining with -SH groups which are essential for cell 

metabolism, indicating that anti-bacterial substances may 

operato by interfering with the essential metabolism of a 

cell. Later in 1940 Fildes (7) postulated three classes 

of anti-bacterial functions which may cause interference 

with an essential metabolite and thus inhibit growth. He 

defines an essential metabolite as "a substance, or chenu- 

cal group, which takes an essential part in a chain of 

syntheses necessary for bacterial growth". These anti- 

bacterial actions are by (1) the oxidation of a substance 

which requires to be reduced, (2) molecular combination 

forming an inactive product, i.e., mercury, and (3) com- 

petition for an enzyme associated with the essential 

metabolite, i.e., sulfanilamide. 

It is of the last named class that the most 
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widely accepted theory on the mode of action oÍ' sulfanila- 

mide is based. The theory, as postulated by Woods (29) 

and Fildes (7), assumes that para-arninobenzoic acid is an 

"essential intermediary metabolite" of the bacterial cell 

which can be synthesized from various essential amino 

acids or may be derived directly from the medium. However, 

before para-aminobenzole acid can be utilized, it must be 

acted upon by a specific enzyme. It is thought that it 

fits into some combination with a particular molecular 

grouping on the surface of the bacterial protoplasm. Sul- 

fanilamide, as the inhibitor, must be so closely related 

in formula to the essential inetabolite that it can fit the 

same enzymes, and sufficiently unrelated to be devoid of 

essential metabolic activity. Thus, when sulfiilantLde 

takes the place of para-amnobenzoic acid a nutritional 

disturbance is caused and cell proliferation is retarded 

considerably, or may cease entirely. 

Bacteriostasis, which is the prevention of ce].]. 

division, is then caused by competitive enzyme inhibition. 

This type of bacteriostasis may be overcome by a very 

large number of enzymes present on the bacterial surface 

capable of utilizing para-aminobenzoic acid, or by an ex- 

cess of para-aminobenzoic acid in the environment. (16) 

That para-aminobenzoic acid is a natural-occurring 

essential metabolite was thought to be proven by Rubbo and 



Gillespie (20); however, Lampen and Peterson (].5) have been 

unable to confirm their results, and Sevag and Shelburn 

(22) indicate that the action of para-aminobenzole acid may 

be a physical phenomenon, as proposed by Johnson (10), 

rather than that of b]ocking an essential metabolite. It 

has also been shown that para-aminobenzoic acid is a 

growth factor for chicks (1), and for autotrophic plants, 

e.g., diatoms (28); it is also thought to be concerned with 

lactation (25), and pigmentation of hair (1); and has 

definitely been shown to be an anti-sulfanilamide factor 

in vivo as well as in vitro by SeiMe (21). 

Lockwood (16) believes that para-aminobenzoic 

acid is one of a group of substances which perhaps has in 

common some characteristic chemical configuration and 

which acts as an inhibitor of sulfonamide bacteriostasis. 

In search for other anti-sulfanilamide factors 

Bliss and Long (3) found that of the eight essential amino 

acids, methionine was the only one which showed this in- 

hibitory property. In explaining the antagonistic effect 

of methionine three possibilities are discussed. It was 

at first thought that methionine stimulated growth and 

thus overcame the sulfaniiarnide inhibition, however, this 

was found not to be true. Methionine did not stimulate, 

but in some cases depressed bacterial growth. 

The second possibility is that methionine may 



act s para-aminobenzoic acid, i.e., compete with the sulfa- 

nilamide for the enzyme, or that it may combine with sulfa- 

nilainide to form an inert substance. Elowever, mothionine 

is by no moans chemically related to sulfanilamide, thus 

there is no reason to suspect that it would compete with 

sulfanilamide; nor can it be seen how methionine would com- 

bine with sulfanilainido. 

The third possibility is that methionine may be 

a precursor of an anti-bacterial substance. 

Johnson and Moore (11) noted that sulfanilamide 

acts as a narcotic in the presence of luminous bacteria. 

It was also noted that para-aminobenzoic acid in high. con- 

centrations will inhibit growth and luminescence, but at 

much lower concentrations it will exert anti-sulfanhlamide 

effects. However, the para-aminobenzoic acid had no ef- 

feet on sulfarìilamido inhibition of luminescence in mature 

cultures or washed cell suspensions, over a range of 0.00]. 

to 0.0000001M. It would appear from this that para-amino- 

benzoic acid affects growth, but cannot reverse the nar- 

cotic action of sulfanilamide on the luminescence of nor- 

mal cultures. 
Continuing his study with luminous bacteria, 

Johnson (10) showed that sulfanilamide, para-aminobenzoic 

acid and ethyl carbamate (urethane) act as narcotics, 

i.e., produce inhibitory effects at high concentrations 



and stimulatory effects at low concentrations. It was also 

noted that the stimulatory effect of one narcotic may an- 

tagonize and completely overcome the inhibitory effects of 

another that is present. 
Richards (19) showed that urethane may act as an 

anti-sulfanilamide factor in preventing death from sulfona- 

mide-overdosed an1ria1s. 

Urethane has no close chemical relationship to 

sulfanilamide, and it has been previously mentioned that 

methionine (3) whIch has no close relationship to sulfa- 

nilamide also shows anti-sulfanilamide effects. It would 

seem, therefore, that close chemical relationship to sul- 

fanilamido is not necessary for antagonistic action and 

that Johnson's (10) suggestion, that perhaps the action of 

narcotics holds a solution for the mode of action of sul- 

fanilamide should receive further attention. 



Rçpe riment al 

If, according to Johnson, the effect of para- 

aminobenzoic acid upon sulfanilamide is a "narcotic" ef- 

fect, then it would be of interest to note how some other 

"narcotics", such as the powerful antibacterial compound 

bichloride of mercury, would affect suif ani1amde, and the 

effect of sulfanilamide upon this "narcotic". 

The following experiments were set up in two 

sections. One, in which a qualitative analysis of the of- 

fect of bichloride of mercury, para-aminobenzoic acid, 

indol-3-acetic acid and sulfarnic acid against sulfanila- 

mide was observed using a modified agar cup plate-wet 

filter paper method (27). The second, in which a quanti- 

tative analysis of the possible reciprocal effects of 

mixtures of varying concentrations of bichloride of mer- 

cury and varying concentrations of sulfanilamide was made 

on the growth of Esehorichia coli in a synthetic broth 

medium. 

Experiment I 

To observe the effect produced by sulfanilamide 

and bichloride of mercury through a wide range of concen- 

trations, a modified agar cup plate-wet filter paper tech- 

nique was employed. The object of the experiment was to 
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have both "narcotics" on one agar plate at such distances 

apart that their zones of stimulation would coincide. The 

zones of stimulation which surround the areas of inhibi- 

tion were determined for each of the organisms used by pre- 

liminary experiments. Later the other "narcotics" men- 

tioned above were added to the plates and their effects 

noted. 

Proc e dure 

The general procedure followed throughout this 

experiment is as follows. Large sterile petri dishes 

(13.7 cm. in diameter) were measured and marked at pre- 

determined areas for placing the "narcotics". The sul- 

fanilamide tablets were then added to the plates and 100 

cc. of agar, which had been inoculated with 1/2 cc. of a 

24 hour broth culture, was poured into the plates and 

allowed to solidify. The inoculum was grown in a medium 

similar to that used in the plates. After the plates had 

solidified two superimposed discs of no. 2 filter paper 

were placed in a designated area, 0.01 cc. of the "nar- 

cotic" was pipetted upon the filter paper disc and the 

plates were incubated for five to six days at 57°C. 

Controls of each "narcotic" alone were run and all plates 

were in duplicate. 

The "narcotics" used and their concentrations 
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were sulfanilamide tablet, 0.325 grams; bichlorIde of mer- 

cury, saturated aqueous solution; para-aminobenzolc acid, 

one percent aqueous solution (lt was necessary to heat in 

the steamer for approximately five minutes to dissolve all 

of the crystals. The para-aminobenzoic acid was pipetted 

while still hot); indol-3-acetic acid, 10 mg. percent 

aqueous solution; and sulfarnic acid 0.1 percent aqueous 

solution. 

The media used were a synthetic* agar much like 

that used by MacLeod (17); and a non-synthetic yeast ex- 

tract agar. 

The bacteria used were taken from the Department 

of Bacteriology stock culture collection and included: 

Escherichla coli strain 71, Aerobacter aerognes, Bacillus 

subtils strain 38, Proteus vulgaris, Pseudomonas aeru- 

ginosa, Bacillus vulgatus strain St, Bacillus cereus 

strain C3, Streptococcus zymogenes, Streptococcus lactis, 

Staphylococcus aureus. 

*SytHetic medium used: 
(NH4)2s04. . . . . . . . . . . . . . . . . 0.472% 
asparagine . . . . . . . . . . . . . . . . 0.200 
NaC1 . . . . . . . . . . . , , . . . , . 0.500 

glucose. . . . . . . . . . . . . . . . . . 0.200 

I2P0 (M/5) . . . . . . . . . . . . . . . 10.000 
NaOH CN/i) . . . . . . . . , . , . . 1.640 
MgC12; Fe304; CaCl2( mixture of each). . 0.100 
H 20. . . . . . . . . . . . . . . . . . . . 1000 cc. 

pH - 7.6 
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Results 

Escherichia coli and Aerobacter aerogenes 

Inoculated and grown in the synthetic medium. 

The results obtained for these two organisms 

were identical so they will be discussed together. 
Controls 

1. Sulfanilamide and bichloride of mercury 

(plates A and B). The "narcotics" were surrounded by ap- 

proxiniately a 1.5 cm, zone of inhibition which in thrn was 

ringed by a distinct zone of stimulation. The zone of 

stimulation was heavier and narrower in the case of FIgC12. 

2. Para-aininobenzoic acid and indol-3-acetic 
acid. No effect upon bacterial growth was observed. 

3. Sulfamic acid. A slight zone of inhibition 
was observed surrounded by a slight zone of stimulation. 

Mixtu res 

1. Sulfanilamide and HgC12 (plate D) 

Waen bichloride of mercury and sulfanilamide 

were placed 3.13 cm. apart their zones of stimulation co- 

incided. As can be seen by plate D, the inhibitive zone 

of HgCl2 extends horse-shoe like into the sulfanilamide 

zone, indicating an added inhibitive effect. Then, 

strangely enough, the horse-shoe was closed by a slight 

area of growth indented toward the sulfanilamide, which 
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Legend 

Figure A 

Sulfantlamide 

Figure B 

Bichloride of Mercury 





Legend 

Figure C 

Sulfanilamide 

Para-aminobenzoic acid 

Indol-3-acetic acid 

Bichloride of Mercury 

Figure D 

Bichloride of Mercury 

Sul fani lamido 
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would connoto that the bichloride, in a concentration less 
than stimulating, has an antagonistic effect on the sulfa- 
nil amide 

2. Sulfanilamide, HgC12, indol-3-aoetic acid 

and para-aininobenzoic acid (plate C) 

The "narcotics" were placed 3.85 cm. apart at 
the apices of a square so that the para-aminobenzoic acid 
and indol-3-acetic acid were both located 3.85 cm, away 

from the sulfanilamid.e and HgC12. The bichloride and sul- 
fanilamide were approximately 7.6 cm. apart. 

The significance of this experiment is that 
para-arninobenzoic acid has no effect upon the lethal or 

stimulative action of IIgCl2, but does affect sulfanila- 
mide adversely by distinctly antagonizing its zone of 

inhibition. It is also very interesting to note that the 
zone of stimulation caused by sulfanilamide on the side 

adjacent to the para-uninobenzoic acid is much closer to 
the sulfanilamide tablet, indicating that a higher con- 

centration of sulfanilamide is causing stimulation. The 

indol-3-acetic acid showed no effect. 
3. Sulfanilamide, HgC12, and sulfamic acid 

These "narcotics" were placed at the apices of 

an equilateral triangle, each side being 2.5 cm. long, 
The sulfamic acid showed a very slight zone of inhibition 
but did not affect the bichloride of mercury or the 
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sulfani].amide. 

Pseudomonas aerigi 

Inoculated arid grown in the synthetic medium. 

The results obtained in all cases were sirnilar 

to those described above except that although the bichlo- 

ride of mercury zone of inhibition would extend into the 

sulfanilamide area no growth appeared between the extrem- 

ities of this zone, 

Proteus vulgaris 

Inoculated and grown in the synthetic medium. 

Two exper1iients were run with this organism, 

these and bichloride of mer- 

cury. The sulfanhlamide had a very slight and incomplete 

inhibitive effect on the organism. The bichloride of 

mercury showed both inhibition and stimulation. VVhen 

both "narcotics's were run together the zone of stimula- 

tion caused by HgC12 was absent on the side adjacent to 

the sulfanilamide tablet. 

Bacillus subtilis 

Inoculated and grown in a veal infusion medium. 

Neither bichloride of mercury nor sulfanilamide 

caused any stimulation, although both showed distinct 
zones of inhibition; the sulfanulamide zone being very 

large, 3.1 cm., the bichloride of mercury zone, 1.8 cm. 
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Para-aminàbenzoic acid antagonized the sulfanila- 

mide activity but not the toxicity of the bichloride of 

mercury. 

Indo1-5-acetic acid and sulfamic acid showed 

slight areas of inhibition but did not affect the sulfa- 

nilamide or the bichloride of mercury. 

Staphy1ococcus aureus 

Inoculated and grown in a veal infusion medium. 

Sulfanilamide and Hg012 caused areas of inhi- 

bition, the bichloride zone being more complete. Sur-e 

rounding the bichloride-inhibited area was a zone of sti- 

mulation, Para-aminobenzoic and sulfamic acid also 

showed very small areas of inhibition surrounded by a 

very slight ring of stimulation. Para-aminobenzoic acid 

characteristically inhibited sulfanilamide action as in 

the case of BacIllus subtilis. 
Bacillus vulgatus and Bacillus cereus 

Inoculated and grown in a veal infusion medium. 

Showed slight inhibited and stimulated zones 

with sulfanilamide and bichloride of mercury. 

Streptococcus zyniognes and Streptococcus lactis 

Inoculated and grown in a veal infusion medium. 

HgCl2 inhibited growth and stimulated in low 

concentration, whereas sulfanilamide had no effect. 
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DI s cus s Ion 

From the data presented, Lamanna's observation 

that sulfanilamide In low concentration may stimulate 

Crowth Is confirmed. These data also show that two "nar- 

cotics" may affect each other, as noted in plates C and D, 

but that the action of para-aminobenzoic acid on sulfani- 

lamide is evidently quite different from that of Hg012. 

Para-aminobenzoic acid shows a specific antaCo- 

nistic effect against sulfanilamide while none upon the 

bichloride of mercury, Its action upon sulfanilamide may 

be explained by the Woods and Fildes theory of competition 

for an enzpne. At s. high concentration of para-amino- 

benzolo acid, but at a low concentration of sulfanilainide 

the para-aminobenzole acid, being In excess, manages to 

compete most favorably against sulfanilamide. However, 

as the concentration of para-aminobenzole acid decreases, 

and the concentration of sulfariilamide Increases a point 

Is reached where there are sufficient molecules of sul- 

fanilamide to compete with para-aminobenzoic acid and 

also to stimulate growth, thus explaining stimulation at 

what is visually a higher concentration of sulfanilamide. 

The effect of sulfanilamide and HgC12 upon each 

other would appear to be that of two poisons. At very 

low concentrations where these two poisons Individually 
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would have no effect upon growth or will 3timulate growth, 

together they provide a poison strong enough to inhibit 

growth. However, this does not explain why the HgC12 

should mask the anti-baotera1 action of sulfanilamide by 

causing growth within the inhibited sulfanilamide area. 

This complicates the effect of these two "narcotics" and 

leaves a question to be answered by further experirnenta- 

t ion. 

Conclusion 

The data presented demonstrate antagonism of 

para-aminobenzoic acid for sulfanilamide. In the presence 

of para-aminobonzoic acid the stimulating concentration of 

sulfanilamide is increased. 

It is shown that sulfanilamide does act as a 

unarcotiett and that upon interaction with IgCl2 additive 

inhibition may take place. 

The antagonism displayed by HgC12 for sulfanila- 

mide would indicate that the action of sulfanilamide can- 

not be fully explained by the "competitive enzyme" theory. 

Expe riment II 

In order to make a more thorough analysis of 

the effects of bichloride of mercury, sulfanilamide and 

combinations of both on bacterial growth, a quantitative 



study was decided upon. The experiment was designed so 

that varying concentrations of sulfanilamide and bichloride 

of mercury were run as controls and compared with all the 

possible mixtures of these concentrations. The possible 

additive and reciprocally antagonistic actions of both 

upon the bacteria could be analyzed statistically, and the 

actual effective concentrations under the conditions of 

the experiment established. 

Proc e dure 

The gCl2 was first weighed out in high concen- 

trations and then diluted to the concentrations listed in 

Table I. The of sulfanilainide as listed 

in Table I were obtained by weighing out the proper 

amounts on the chainomatic balance and adding to 100 cc. 

of the synthetic medium. The combination of sulfanilamide 

and HgC12 were obtained by weighing out the various con- 

centrations of sulfanilamde and adding them to the proper 

bichloride of mercury dilution. 

Five cc. of each concentration was pipetted into 

5" by 1/2" test tubes except for a few where 6" by 5/8" 

test tubes were used because the smaller tubes were not 

available. These tubes were then autoclaved at 15 pounds 

pressure for 15 minutes. 

Four separate experIments were performed in 
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triplicate. The test tubes to be inoculated and 99 cc. 

dilution bottles of a modified Ringer Lock's solution were 

placed in a 37°C. room incubator and allowed to come up to 

temperature. An inoculuni of 0.01 cc. of a 1/loo dilution 

of a ten-hour culture of Eseherichia coli was then pipetted 

into each test tube. All work was done in the 37°C. mou- 

bator in order to control the temperature variable. A 

plate count, using nutrient agar, was also made of a 

dilut±on of the 10-hour culture and the plates were counted 

after 48 hours to determine approximately how many bacteria 

were inoculated into each tube. It was calculated that 

83,500 bacteria were inoculated in run I, 82,000 in run II, 

88,000 in run III, and 125,500 in run IV. 

The tube3 were observed hourly for the first 5 

hours to 12 hours, then every 12 hours up to 48 hours and 

finally at 24-hour intervals up to 120 hours. After 120 

hours incubation the tubes were removed from the incubator 

and proper dilutions were made so that turbidity readings 

could be made with the lett-Suntnerson photoelectric 

colorimeter* using a 660 millimicron filter (23, 30). A 

graph of population for the colorimeter readings was pre- 

pared by standardizing against a Petroff-Hauser count. 

*The author wishes to express his appreciation to Harold 
E. Dregne, of the Soils Department of Oregon State Col- 
lege, for technical advice in the use of the photoelec- 
trio colorimeter. 
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Results 

An analysis of variance was run of the data to 

show Wriether the different means were statistically signi- 

ficant. 

Concentrations of 3.7 X 10° and 2.95 x 10°M. 

HgC12 with and without sulfanilamide were not included in 

the fol1owin data because no growth appeared after 120 

hours of incubation. 

Statistical Analysis*__Definitions and Formulae 

Mean 

The total of all the measurements in a given 

series divided by the number of measurements. 

i- _X1 
- 

Calculated F Value 

Is the statistic which expresses the ratio be- 

tween the variance accounted for by any given factor, and 

the error of variance. It is used as a measure of sig- 

nificance. The size of the F value necessary for signi- 

ficance at the 5 percont and 1 percent levels is dependent 

on the degree of freedom for each of the components. 

F = 
Factor varianc e 
Error variance 

* Statistical analysis run by Henry R. Fortmann, Farm 
Crops, Oregon State College. 
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Minimum Significant Difference (M.S.D.) 

This statistic measures the difference that must 

exist between treatment means or variety means in order 

that the difference be statistically significant. It 

differs from the F value in that the F value merely indi- 

cates that significant differences do, or do not exist for 

significance. M.S.DS is not calculated if the F value is 

not significant. 

M.S.D 
- Error variance 2 

of the means compared 
No. of variates in one 

The ?ltn value may be at the 0.05 or 0.01 level 

for the error degrees of freedom. 

The formulae used in computing sums of squares 

(S.S.) for the analysis of variance are as follows: 

1. Correction Factor x)2 ( X 

N 840 

2. S.S. of sulfanilamide treatment * ( 
Tst2 

) C.F. 
1 120 



Table I. Average Tiies, Eressed in Hours, that Turbidity First 4ppeared 
(Last turbidity reading rde at l2OHours) 

Molar : Molar oicentration or uiraniiame 
HgCl2 Cono, : O z 8.7 x 10 : 5.8 x 1O s ]&: 3.5 x lO-L : 2.3 x 1Oz l.l5 lO 

o : 7,167 z 11O.667 : 71,500 z 39.083 z 27,750 : ]i..667 10.250 
: : t : 

,. 
s + : z 

2.2 X icr5 : 9Li..583 z 120,000 : 87.333 : 110.333 z 75.333 z 72.667 z 100.333 
: z z ,. 2 : .. z 

1.5 x io5 z 9.083 s 120,000 z 110.333 z 106.333 : 88,333 z 120,000 z 55.147 
z z ,. z z : ... z . s 

7.i4 X 10 S 6.916 z 103.333 s 67,333 s 49.500 : 29.917 z 27.667 s 11.533 
,: s s z : s t 

3.7 X 10° s 25,16f z 100.000 z ljh.000 s 28.750 z 3Li..333 12.533 s 8.333 
t z z t z t I 

1.8 x lo t 6.333 z l2.000 z 62.667 L0.333 z 26,917 : 23,833 z 18.583 
t 2 t z s : t 

3.7 X l0 z 6.833 : 105.333 z 56.000 : 30.750 : 26.750 z 17.750 t 9.667 
: t s t t t t 

1.8 x io t 6.147 s 116.333 s 67.667 t 37.750 t 23.250 t 13.333 t 9.250 
s z z s : z z 

3.7 X 10 t 6.333 z 111.333 z Lj.6.667 t 36.667 t 23,250 t 22.97 t 9.750 
z z z t s : s 

1.8 x 1O z 6.917 s l08.000 z 55.333 s 3L,250 z 20.667 z 11.833 z 8.167 

-I- indloates that sie tubes were present that were not turbid after 120 houis--thus their reading was 
120 hours plus. 

I--J 



Table II. Total Count of Esch Coli after 120 Hours Incubation at 37 C. 
(Legend: Letters sulfanilathde; numbers HgCl.) 

¡ Replìcate8 )çiO° - - 

: Total ¡Average: 
Treatment*: i 2 h c 6 7 8 9 10 II 12 : 1 : : X2 

o z 22.5 23.0 22.5 
8.7 X 

A : 12.5 11,5 6.1 
5.8 X 

B t 18.0 13.0 11.5 
Li.6 X 

C t 26.0 26,7 25,2 
3.5 X 

D t 26.0 25,2 25.2 
2.3 X 

E : 26.0 23.2 25,5 
1.1 x iO4 

F : 2L..5 2Li.5 22,5 
.2 x io5 

3 : 22.5 2)4.5 27.7 

3A t 0.0 0.0 0,0 
3B t 12,7 12.2 16.0 
3C z 12.2 10.3 10.0 
3D z 17.5 19.5 ]1,0 
3E : 2)4.5 12,7 28,2 
3F t lLi..5 25.5 2L.5 

1.5 X 1O: 
14. : 25.2 2)4.5 23.2 
)iA : 0.0 0,0 0,0 
)4B : ]J4.7 9. 10.5 
14c : 21.0 18.0 23,2 
L1D : 27.5 12.2 26,0 
)iE : 0.0 0.0 0.0 
14F : 25.2 2L.,O 12.5 

7.1x1O -________ 
5 ¡ 22.4 23.2 23.2 
5A t )4.3 12.2 10.5 
5B : 17.0 18.5 15.5 
5C ¡ 25.5 22.L. 2L.,5 
5D z 2J4.c 23.0 23.2 
5E :214.5 2L..0 2L..o 
5F t 23.2 21j..2 23,0 

3.7 X 10e:. 
6 z 23,2 23.0 22.5 
6A z 9.8 11.0 9.8 
6B s 21.2 18.2 16.5 
6c z 23.5 2L..5 2L.0 
6D z 2Li..5 2L.0 2L.,0 
6E z 23.2 2L..5 23,2 
6F z 23,5 23,2 23.2 

1.8 X lcr6: 
7 s 22,0 22.0 22.5 
7A t 0.0 0.0 0,0 
7B : 13.8 16.6 ].L.,5 
7C : 2t4.0 25,C 2L1.0 

7D : 2L..2 2)4.0 2L.0 
7E : 2L.0 21j.,0 2L.2 
7F : 214.5 21,7 2L..5 

-;% X itrT2 
8 : 23.2 22.0 21.7 
8A : 10.9 10.0 10.3 
8B : 22.5 13.5 17.5 
8C z 2)4.5 2L..0 25.2 
8D : 2L..2 25.2 23,2 
BE z 2t,2 23.2 2L.,0 
8F t 2L.0 2L..2 22.5 

i.e io7: 
9 : 23.0 23,2 21.2 
9A : 10.5 11.5 9.!. 
9B z 16.5 ]J,5 21.0 
9C z 18.7 25,0 25,C 
9D t 23.0 25,2 23.2 
9E z 2L.,0 2L.0 21.5 
9F s 22.0 23.5 232 

3.7 X 10: 
10 : 21.7 20.0 19.0 
lOA z 10.0 10.0 9.8 
lOB z 2L,0 25.5 2L..5 
100 t 25.2 2L.0 26.0 
10D z 23.2 2L..0 23.2 
10E z 2L.,0 23,5 2L..5 
10F z 23,5 22.5 2L.2 

LEx 10-e: 
11 t 22.5 22.5 23.2 
liA z 10,9 9.8 n.e 
liB z 2L..5 23.2 12.2 
lic s 26,0 2L..o 26.0 
liD : 2i..0 2I..5 25,0 
11E : 2L..2 25.2 2Li-.5 

- 11F : 25,0 23.2 2L.5 

* In molar Concentration 

21 7 

9.8 

1]. 5 

23 O 

21.0 

214.5 

26.0 

0,0 
0.0 

25.2 
9.8 

13 5 
12.7 
7.8 

25.0 
0.0 
9.L 

23.2 
11.6 
0.0 

12.2 

26.7 

15.0 
214.0 
25.2 
23 2 

214.5 
10.0 
25.2 
26.2 
26,C 
25.2 
214.5 

22.0 
0.0 

18.7 
26.0 
26.7 
25.2 
26,0 

25,2 
io 9 
i6 5 
28 2 
25.2 
28.5 
26.0 

21 1 d 
0.0 

i6. 2 
28 C 

25.2 
26.2 
26.0 

23 2 
10.6 
19.5 
214.2 
23.5 
214.5 
214.0 

23 5 
9.e 

20.5 
25.2 
214.5 
25 2 
214.5 

23 2 

12.0 

ii.6 
26.0 

25.0 

25.0 

214.5 

0.0 
0.0 

25.0 
0.0 

214.5 
114.5 
0.0 

25.0 
0.0 
7,0 
0.0 

10 O 

0.0 
26.7 

23,2 
10. C 

6.5 
26.7 
214.5 

25,2 
25,2 

214.5 
ii.6 
27.5 
26.7 
25.2 

: 

23.2 
0.0 

18.0 
26.0 
27.5 
26.7 
26.0 

26.0 
10 O 

17.5 
18 5 
26.2 
25.0 
26.0 

20.0 
0.0 

11,7 
25.5 
25.5 
26.0 
26 7 

22,5 
9.14 

2)4.5 
26.0 
214.0 
25.2 
25.2 

22.5 
11.6 
21 7 
25.5 
25 2 
25.0 
25.2 

23,0 2L..0 23.2 

10.3 9.8 7.3 

19.1 23.6 2L.O 

26.2 26.2 214.5 

26,0 214.2 25.5 

214.2 25.2 214.2 

25,5 2)4.5 26.0 

0,0 0.0 0.0 
0,0 0.0 0.0 

23.5 25.2 9,8 
0.0 0.0 0,0 

214.5 9.5 22.5 
25.2 26.0 25.5 
0.0 0.0 0.0 

2)4.0 22.5 21.2 
0.0 0.0 0,0 
0.0 0.0 0.0 
0.0 0.0 0.0 

23.2 14.8 0.0 
0.0 0.0 0.0 

2)4.0 
!:7 

17.5 

26.0 23,2 23.2 
10.3 10.5 10.0 
25.2 2)4.5 23,2 
2)4.0 25.2 214.5 
2)4.5 214.0 25.2 
2)4.0 21,2 217 
25.2 23.5 214.2 

23.2 22.5 21.0 
10.5 10.0 11.3 
26.0 21.8 214.0 
25,5 25.5 214.2 
23.0 2)4.5 23.5 
25.5 25.2 214.0 
25.2 214.2 23.2 

22.5 25.2 214.5 
0.0 0.0 0.0 

26.7 214.0 19,5 
2)4.5 26.2 2)4.0 
28.2 25.2 2)4.5 
23,2 2)4.0 23.0 
22.5 23.2 22.5 

2)4.5 23.2 20.0 
12.3 9.8 10.3 
17.0 2.5 15.9 
23.2 2)4.5 2)4.0 
29.0 2)4.0 214.2 
26.0 25,2 23.0 
26.0 23.5 23.2 

25.2 23.0 23,0 
0,0 O.0 0.0 

19.5 io.6 10.5 
27.5 25,C 26,7 
26,0 2)4.2 23,5 
25.5 23.0 2)4.5 
25.5 2)4.0 23,2 

23.2 23,0 2)4.0 
10.5 6.5 9.3 
214.5 23.1 22.9 
2)4.5 214.2 214.0 
2)4.0 23.5 22.5 
23.2 23.5 23.2 
23.5 23.2 21,7 

2)4.0 21,7 23.2 
ii.6 3.5 9.3 
27,5 21.0 1)4.8 
16.5 2)4.2 23,2 
25.0 23.5 23.5 
27.0 23.2 22.0 
2)4.5 21,7 23.2 

2)4.2 

3,6 

9.14 

26,2 

25,0 

25.5 

23 2 

0.0 
0.0 
8.8 
0.0 

23 O 

23 2 
0.0 

22.0 
O. O 

0.0 
0.0 
0.0 
0.0 

23 2 

2)4.0 

i6. 5 
2)4.0 
23 5 
21 7 
23.5 

20.5 
11.3 
2)4.0 
25.2 
23 2 
22,0 
2)4.2 

25 2 
0.0 

17 O 

214.2 
25.0 
23 2 
23.2 

22.5 
8.8 

10.0 
2)4.0 
23.0 
2L5 
23,5 

fy .-, J t 

0.0 
11.3 
2)4.5 
o 
24.5 
2)4.2 

23 .0 
10.9 
21.14 
23,2 
23 2 
23 5 
23 5 

22.5 
10.0 
ii.6 
2)4.2 
23 2 
23.5 
21 7 

21.7 

0.0 

22.5 

24.5 

2)4.5 

23 O 

23 2 

0.0 
0.0 
6.1 
0.0 
8.3 

22.5 
0.0 

21 7 
0.0 
0.0 
0.0 
0.0 
0.0 
9.9 

22.5 

17.5 
21 7 
22 5 
22,0 
22.0 

21.7 
8.0 

18.7 
22.5 
22.0 
22.0 
22.0 

22,0 
0.0 
9.14 

2)4.0 
23.2 
23 2 
22.5 

22.5 
9.5 

114.5 
2)4.2 
2)4.0 
2)4.0 
23,2 

23 2 
0.0 

10 O 

18.0 
23 C 

214.0 
23.0 

23 2 
10.9 
18.7 
2)4.5 
23 O 

23 O 

2)4.0 

23 O 

0.0 
12.7 
25 O 

214.5 
23 2 
2h.. o 

21.0 21.0 : 271.0 : 22.58 : 6132.14 

t : z 

0.0 0.0 : 82.8 : 6.90 z 832.5 
: z z 

20.0 10.2 z 19)4.14 : 16.20 z 3)487.5 
: t z 

2)4.0 5.9 : 28)4.14 : 23.70 z 7099.0 
: z z 

23.2 2)4.2 : 298.0 z 2)4.83 z 7)408.1 
: z z 

23.2 23.2 z 292.7 z 2)4.39 z 7151.8 
: z z 

7.5 0.0 z 251.9:20.99 z 60)42.2 
z z t: 

0.0 0.0 z 714.7 z 6.23 : 1873.5 
0.0 0.0 t 0.0 t 0.00 t 0.0 

0.0 0.0 z 16)4.14 s 13.70 : 3222.3 
0.0 0.0 z 142.2 z 3.52 z )4149.0 
0.0 0.0 z 177.0 z 1)4.75 z 3)463.6 
0.0 0.0 : 215.0 z 17,92 z 1493)4.1 
0.0 0.0 z 72.3 : 6.02 z 152o.e 

: z z 

2)4.2 21.2 : 279.7 z 23.31 a 65)45.2 
0.0 0.0 : 0.0 z 0.00 t 0.0 

0.0 0.0 t 51.3 z 14.28 z 557.8 
0.0 0.0 z 85,14 : 7.12 z 15)4.5 
0.0 0.0 z 115.3 z 9.61 : 2376.9 
0.0 0.0 z 0.0 : 0,00 z 0,0 

5.7 0.0 : 198,3 t 16.53 z 1408)4.7 
t t z 

22.5 22,0 z 282.1 s 23,51 z 665)4.14 
0.0 0.0 : 90.3 z 7.52 z 890.3 

10.0 0.0 z 193.1 : 16,09 z 3715.5 
214.0 0.0 : 257.5 z 21,1t6 : 612)4.3 
23.2 0.0 : 261.6 : 21.80 : 6227.5 
0.0 0.0 : 233.5 : 19.)46 : 5)473.6 

21.7 21.7 z 280,6 : 2.38 z 6577.1 
z z z 

0.0 0.0 : 226.6 : 18.88 t 5io.6 
0.0 0.0 z 103.1 z 8.59 z 1073.1 

18.7 12.5 z 25)4,3 s 21,19 z 5600.9 
23.0 22.0 z 292.8 z 2)4,)4O t 7168.3 
23,0 0.0 z 262,9 z 21.91 z 6296.0 
23.0 0.0 t 263.0 z 21.92 z 6305.1 
22.5 22.5 z 28)4.9 z 23.7)4 z 6782.9 

t s z 

22.5 21.7 z 275.3 z 22.9)4 s 63314.2 
0.0 0.0 z 0.0 z 0,00 z 0.0 

10.5 9.0 : 197.6 z i6,)47 z 3585.14 
2)4.0 0.0 z 271.9 z 22.66 : 6729.3 
23,2 23.5 z 299.2 : 2)4.93 t 7)491.0 
0.0 0.0 z 2)40,7 : 20,06 z 5805.3 

22.5 0.0 : 259.1 z 21.59 t 6124.9 
t t t 

22.0 22.0 : 27)4.8 z 22.90 z 6323.2 
9.0 0.0 t 111,5 : 9.29 : 1138.5 

1)4.5 17.7 z 200.6 z 16.71 : 3)499.5 
23.5 2)4.2 z 288.0 : 2)4,00 z 6962.8 
25,0 25,0 z 298.2 z 2)4.85 z 7)438.0 
23.2 2)4.5 : 295.3 t 2)4.61 : 7291.9 

23.5 z 289.1 z 2)4.09 z 6981.14 
: z z 

25,0 2)4.0 : 277,0 z 23.08 t 6)420.1 
0.0 0.0 : 31.24. : 2.61 z 329.9 

10.5 10.9 : 163.1 z 13.59 z 2380.2 
22.5 7.5 z 273.9 z 22,83 z 661)4.8 
2)4,2 23.5 z 291.0 z 2)4.25 z 7068,6 
23.5 214.5 Z 29)4.2 z 2)4.52 t 7223,0 
23.2 23.2 z 287.7 z 23.98 z 6919.0 

t z s 

22.0 23.0 z 267.8 2 22.32 : 5999.9 
0.0 0,0 z 97,7 z 8.3)4 : 966.14 

21,7 23,0 z 273,2 z 22.77 z 6268.14 
2)4.0 0.0 z 269.8 : 22.148 z 6625.1 
2.5 23,5 z 281,1 z 23jt z 6587.0 
214.0 0.0 s 262.1 : 2l.tL. z 6249.8 
23,0 23.2 z 281,5 z 23,146 z 6612.1 

z z z 

22.0 22,5 t 273.1 z 22.76 z 6219.9 
0.0 0.0 t 88.0 z 7.3)4 s 912,6 

17.0 0.0 z 206,7 : 17.22 : ¡4.178.1 
2)4.2 23.2 : 287.2 s 23.93 : 69)43.9 
214.5 23.2 : 292.6 : 2)4,38 z 719.8 
23,2 2L..O z 290.2 z 2)4.18 s 7036.9 
23.2 23.5 : 28)4.2: 23.68 : 67)45.5 



Table III. The Average A1lalysis of Total Growth after 120 Hours 
xpressed as number of bacteria x iö) - 

HgC12 : - Sulfanilamide Mo1ai Concentration 
Ml O A. B z C z E F :AÌ1HgC1 
Conc. O '8.7 x 10 '5 lO-4 '1.65 x 10-14:3.5 x 10 2 x 10 '1,15 x 10 Average 

O z 22,5830 : 6.9020 z 16,1960 z 23.960 z 2L,833O s 2L.3920 : 20,9920 z 

2.2 X 10 z 6.2250 : 0.0000 : lj.7000 : 3.5170 : 14.7500 z 17.9170 z 6.0210 z 

1.5 x 10 5 z 23.3080 : 0.0000 : L.2750 z 7.1170 : 9,6080 z 0,0000 z 16,5250 z 

7.14 X 10 6 23.5080 z 7,5220 : 16.0920 : 21,li.580 z 21.8000 z 19.14580 : 23,3830 z 

3.7 X 10 : 18.8830 z 8.5920 z 21,1870 s 2Lj..14000 z 21.9080 z 21.9170 z 23.71420 s 

1.8 x 10 6 : 22,91420 : 0.0000 : i6.L70 : 22.6580 : 2t4.9330 20.0580 21.920 
3.7 x io 22.9000 : 9.2880 z 16.7130 : 2L..0OOO z 2I.85OO z 214.6080 z 2L.O920 z 

1,8 x z 23.0830 * 2,6120 : 13,5920 * 22.8250 z 21,250O s 214,5170 * 23,9750 z 

c 10 8 22.3170 z 5.1370 z 22.7670 z 22.14830 z 23.L250 z 21.81420 z 23,14580 2 

1.8 x 10 z 22,7580 * 7,3350 : 17,2210: 23,9330 -: 214.3830 214.1830 z 23.6830 z 

All Su. Ave.' 20.8508 : 5.0388 : 15.8208 ¡ 19.6088 z 21,147142 :19.8892 * 20.71462 t 

* Grand averagi. 

M. S. D. 

¡ 0.05 : 0.01 

Sulfanilamide : 1.3697 : 1.8021 

RgC12 * 1.6370 * 2.1538 
Su x 115C12 z 14.33114 z 5.6988 

19.9149 
8.8756 

8.6905 

19.0318 

20,0899 

18.3786 

2092114 

19, 26L9 

20,6327 

20.14996 

17.6327 

t'D H 
C, 
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Table IV. Analysis of Variance 

- Souro : : Degries : : Calu- : : F001 of : Sums of z of : Variance lated 0.05 
z 

Variation : Squares z Freedt z :F. Value: Level z Level 

Sulfanila- : 

mide : 

z 

2L4.,683.06 : 6 
* 

z 

z : 

)413.SÌi. z ]Ls0.96 t 2.105 z 2.53 
Treatments: : z z : z 

z 

UgC12 : 

: 

16,903.61 z 9 

z 

z 

t : z 

1878.18 z 6L..36 s 1.890 z 2.!i.3 

Treatments: : : : z 

z z $ t z $ 

Inter- s z z z : t 

reaction : 

Su X IIgC1: 
z 

8,986.58 : 5t. 

z 

: 

* : 

166.!t2 : 5.70 : 1.360 1.56 

z 

Error : 

¡ 

22,)471.76 z 770 
s 

z 

z z z 

29.18 : z z 

s _: z _z z z 

Totals z 73,0145.31 s 839 z z z z 

: : : z s 
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io 
3. S.S. of HgC12 treatment . kgcl2 t2 

- C.F. 
1 84 

4. 3.3. of interaction of sulfanilamide HgC1 

k TB 2 
) - (2) - (3) - c.i. 

5. Totl x2 = X)2 
N - 

6. Errors ,s, = Tota]. S.S.-(2)-(3)-(4) 

Discussion 

Table III shows that the only concentrations of 

those studied that are significantly anti-bacterial are: 

8.7 x 10 and 5.8 x M. of sulfanilamide, and 

2.2 x M. of bichloride of mercury. Althou the lat- 

ter concentration of mercury bichloride is inhIbitive 

-4 -4 
alone, when concentrations of 5.8 x 10 , 3.5 X 10 and 

2.3 x 10 M. of sulfanilamide are added a very signifi- 

cant Increase in growth occurs. This would indicate that 

the sulfanilamide was in some manner acting antagonistic 

to the inhibitive effect of the bichloride of mercury. 

The toxicity of 2.2 x 10 M. EgO].2 plus 8.7 x l0 and 
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4.65 x 1O M. u1fanllarriide can be explained by an addi- 

tive inhibition effect of sulfanilamide and the cation, 

while the concentration of 2.2 x lO M. EgC12 plus 1.15 x 

1O M. sulfanilani.ide appear to show no sulfanilarrilde 

effect. 

The inhibition shown by 1.5 x 1O M. HgCl2 in 

the presence of 8.7 x 1O and 5.8 x o' M. sulfanilamide 

can be explained by the poisonous concentration of sulfa- 

nilamide; however, when non-poisonous concentrations of 

sulfanilamide, i.e., 4.65 x 1O, 3.5 x 1O, 2.3 x lO 

and 1.15 x o' M., were added to a non-poisonous concen- 

tration of HgC12, i.e., 1.5 x 1O M., inhibition occurred 

in all cases. The answer here would seem logical. Al- 

though the concentrations of the "narcotics" are not 

lethal in themselves, when added together they attain a 

lethal potency. 

That bichloride of mercury may also antagonize 

the toxicity of the sulfanilarnide is apparent in the 

interaction of 5.8 x 1O M. sulfanilamide plus 3.7 x 

and 3.7 x 10_8 M. HgC12. Here the bichloride is 

definitely masking the anti-bacterial action of sulfani- 

lamide. 

By a survey of Table I, in which the hour that 

growth first appeared is indicated, one could predict the 
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above results. That is, when certain toxic and non-toxic 

concentrations of sulfanilamide were added to a toxic con- 

centration of bichloride of mercury, growth appeared sooner 

in the mixtures than in the bichloride control; when cer- 

tain non-toxic concentrations of sulfanilamide and HgCl2 

were mixed to cause additive inhibition, growth appeared 

much later in the mixtures than in the controls; and when 

certain non-toxic concentrations of bichloride were added 

to a toxic sulfanilamide concentration, growth appeared 

sooner in the mixtures than in the sulfanilarnide control. 

Froni the data of experiments I and II, it is 

evident that they have two phenomena in common. The 

additional inhibitive action of the two "narcotics" and 

the masking effect of bichloride of mercury as seen in 

plate D may be compared with the additive effect of the 

"narcotics", and the masking effect of bichloride as 

shown in Table III. 

The antagonistic effect of sulfanilamide on bi- 

chloride of mercury is characteristic of experiment II 

oriJ.y. It would appear from this and from previously 

stated data, that the interaction of the antagonistic and 

additive effect of sulfanilamide and Hg012 are inter- 

changeable depending upon their concentrations. This 

would lend further proof that sulfanilamide acts as a 
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as suggested by Johnson (io). 

The evidence obtained from these experiments 

indicate that the mode of action of sulfanilainide may be 

more than a competition for an essential metabolite. 

Although the action of para-arninobenzoic acid on suifa- 
nllamide can be explained by the competitive theory, the 

reciprocal action of sulfanilamide and bichloride of 

mercury cannot. 

In a very recent publication, Sevag and 

Sheiburne (22) support Fildes (6) findings that sulfanila- 
mide interferes with an enzyme system. However, they be- 

lieve that sulfanilainide blocks primarily the respiratory 
enzymes, which in turn inhibits growth, rather than inter- 
fering with the synthetic processes necessary for growth 

as stated by Filcies. 

They also support the recent suggestions that 
para-aimtnobenzoic acid is not an essential inetabolite. 

Conclus ion 

These data indicate that a toxic concentration of 

HgC12 can be partially overcome 

sulfanilamide, and that a toxic 

mide can be overcome by varIous 

also, that non-toxic concentrat 

mide combined may be toxic. 
The antagonism of one 

necessarily due to the presence 

by various concentrations of 

concentration of sulfanila- 
concentrations of HgCi2; 

Lons of HgCl2 and sulfanila- 

drug for another Is not 

of a stimulating concentra- 
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tion of one. In the experiment reported anti-sulfanilamide 
activity was expressed by non-toxic non-stiirulative con- 

centrations of bichloride of mercury. In the three anti- 
bichloride of mercury concentrations of sulfanilamide none 

were stimulative, while one was actually toxic. 
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