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It is now well established that p-aminobenzenesulphonamide has some effect
on septicaemias in mice other than those caused by the haemolytic Streptococcus
[Buttle et al. 1936 ; Proom, 1937; Buttle et al. 1937 ete.], and further that various
related compounds exert chemotherapeutic action in certain mouse infections.
However, in no case has it been shown that the i vivo effects run parallel with
the in witro results, and the mode of action is still very obscure.

The object of the present investigation has been to compare the chemo-
therapeutic actions of a number of selected compounds on mice infected with
various pathogenic bacteria. The organisms chosen were the Streptococeus, the
Staphylocoecus, the Pneumococcus and Bacillus aertrycke. At the same time
experiments were carried out to determine what action, if any, the compounds
exerted on the growth of these bacteria in vitro in order to ascertain whether the
action in witro could in any way be correlated with the chemotherapeutic activity
as exhibited in animal experiments.

In vivo experiments

A. Infection of animals. Using the mouse as the experimental animal
approximately 100 M.L.D. of the infecting organism were injected intraperi-
toneally. The inoculum was obtained from an 18-hr. slope culture which was
emulsified and made up to the required dilution with either sterile saline or
59, mucin. Some organisms were not sufficiently virulent to kill mice when
suspended in saline, and so a method involving the use of mucin similar to that
of Miller & Castles [1936] was used to diminish the minimum fatal dose of these
bacteria. 1 ml. of the bacterial dilution was injected intraperitoneally into
mice of 20-25 g. weight.

B. Chemotherapeutic treatment. The various compounds under investigation
were first tested for their toxicity when administered to normal mice orally
through a feeding tube. Whenever possible the compound was brought into
solution in a suitable solvent, but otherwise it was given in the form of a sus-
pension in gum acacia. The doses given to the infected mice varied according to
the toxicity but in each case the drug was fed immediately after the injection
of organisms and at intervals thereafter. The frequency of feeding varied accor-
ding to the reaction of the animal to the organism and to the drug.

The non-toxic dose employed for the majority of compounds was 10 mg.
administered by mouth twice daily for 2-3 days.

Results of animal experiments. The results obtained from experiments
with a series of compounds are shown in Table I. In the case of p-aminobenzene-
sulphonamide, with the Streptococcus as the infecting organism, the usual clear-cut
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1772 M. McLEOD

evidence of chemotherapeutic activity was obtained, 1009, of the animals
infected recovering completely within 3-4 days. With the other compounds
the best result was obtained with 3-nitro-4-hydroxybenzenesulphonamide when,
in a series of haemolytic streptococcal experiments, 75%, of the treated animals
survived indefinitely. This compound also showed slight action against the
pneumococeal infection of mice but there was no effect on the Staphylococcus
or on Bacillus aertrycke. As the toxicity of this compound is less than that of
p-aminobenzenesulphonamide its use as a therapeutic agent is worthy of con-
sideration.

Of the other results the most important is the antistaphylococcal action of
diacetyldiaminodiphenylsulphide.

In vitro experiments

Technique. When possible, solutions of the compounds were prepared;
otherwise fine suspensions were employed. In every case the pH was adjusted
to 7-6. Dilutions were made in broth or serum broth according to the organism
to be tested. These broth tubes were inoculated with 0-1 ml. of a thick bacterial
suspension obtained by emulsifying an 18-hr. slope culture of the organism, and
incubated at 37° for 18 hr. In order to determine both the bacteriostatic and
the bactericidal activities of the compound, subecultures from the broth tubes
were made on blood-agar plates after 3, 6 and 18 hr. incubation, and from the
growth readings of these plates the activity of the drug was ascertained. The
results obtained with the series of compounds used in the in vivo experiments
is shown in Table II.

Table II. In vitro experiments

Each papain broth tube was inoculated with 0-1 ml. of a thick suspension of organisms, pH 7-6
rH 19-20. Subcultures were made after 3, 6 and 18 hr., and from these readings the bacteriostatic

and bactericidal activities were estimated.
Bactericidal and bacteriostatic activities

l

La=an b
Strepto- Pneumo-  Staphylo-
Compound coccus cOoCeus coccus B, aertrycke
p-Aminobenzenesulphonamide + + + + + 0 + to 0
p-Hydroxybenzenesulphonamide + 4+ ey 0 0
3-Nitro-4-hydroxybenzenesulphonamide PR i 0 0
3-Amino-4-hydroxybenzenesulphonamide + + =L 0 0
p-Aminobenzenesulphonamide coupled with + + + 4+ to 0 0
p-hydroxybenzenesulphonamide
p-Aminobenzenesulphonamide coupled with + 4+ to + ++++ + -
8-hydroxyquinoline
p-Aminobenzenesulphonamide coupled with + + to + + 4+ + + L
8-hydroxyquinolinemethosulphate
4:4/-Dinitrodiphenylsulphide ++ 4+ = 0
4:4'-Diaminodiphenylsulphide + 4 to + + + + 0
4:4’-Diacetyldiaminodiphenylsulphide + 4+ to + ++ + + to +
+ + + + Bacteriostatic at 1 in 10,000, bactericidal at 1 in 1000.
+ + + % 1 in 10,000, A 1in 100.
+ + Sy lin 1000, 55 lin 10.
+ 3 lin  100.
£ 5 1in 10.
0 No effect.

Results of in vitro ewperiments. The bactericidal action of these compounds
on the Pneumococcus is greater than is to be expected from the results of animal
experiments. Though this is partly to be explained by the low viability of the
Pneumococcus as compared with other organisms, the difference between the
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antipneumococcal activities of p-hydroxybenzenesulphonamide and the quinoline
derivatives in the test tube and in the living animal requires further investigation.
Although many compounds, as is shown in Table II, are bactericidal to the
Pneumococcus, yet in no case has it been possible to cure mice with a pneumo-
coccal septicaemia.,

The results with the Streptococcus in one or two cases show a slight parallelism
with those obtained in animal experiments, but with the majority of compounds
the antiseptic value shows little correlation with the curative power.

Apart from causing a slight delay in the growth rate in a few experiments,
the compounds give almost uniformly negative results with the Staphylococcus
and Bacillus aertrycle.

DIScUssSION AND CONCLUSIONS

Perhaps the most interesting result of the work here reported is the relatively
high antistreptococcal activity of 3-nitro-4-hydroxybenzenesulphonamide. All
the sulphur-containing compounds previously found to exercise marked chemo-
therapeutic activity against septicaemias caused by the haemolytic Streptococcus
have an amino group or a group which can be easily converted into the amino -
group, e.g. the nitro group, either free or substituted in the p-position in the
benzene ring. The activity of the new compound indicates that this rule is not
general and suggests that it is important to prepare and test other derivatives
possessing the 3-nitro-4-hydroxybenzene grouping. It will be noted that 3-nitro-
4-hydroxybenzenesulphonamide is definitely less toxic than sulphanilamide.
This compound was also active on pneumococcal septicaemias in mice but in this
case its efficacy was definitely inferior to that of p-aminobenzenesulphonamide.

p-Hydroxybenzenesulphonamide, as well as certain disubstituted benzene-
sulphonamides, have been tested by Tréfouel ef al. [1937] in respect of their
antistreptococeal activity in mice, in every case with practically negative results.
Our results with the first of these compounds are in agreement with their findings;
of the disubstituted derivatives used by Tréfouel et al. none were available to us.

The antistaphylococcal activity of 4:4'-diacetyldiaminodiphenylsulphide is
of some interest. Though the activity of this compound against the Staphylo-
coccus is not very great, under favourable conditions it does delay death by
about 4 days, and this indicates that antistaphylococcal action is not limited
to certain sulphonamide derivatives but belongs also to other classes of sulphur-
containing compounds.

The main conclusion to be drawn from a comparison of the experiments
carried out on infected mice and those performed ¢n vitro is a negative one. There
is no obvious connexion, as far as our results show, between antibacterial actions
under these two different conditions. Thus it would appear that the effect of
the compound on the bacteria which is of importance for its chemotherapeutic
action is not one of general toxicity, i.e. a simple inhibition of growth or meta-
bolism, but is rather a highly specific and characteristic one. The view that this
group of active sulphur-containing compounds exercise their chemotherapeutic
action through some special damaging effect on the resistance of the organisms
to the antibacterial action of the blood and the body tissues has been advocated
by many investigators, and has recently received support from the observations
of Whitby [1938]. He has shown that the remarkable chemotherapeutic action
of 2-p-aminobenzenesulphonamidopyridine on mice infected with pneumococei
is associated with the loss by the bacteria of their capsule which makes the
organisms much more susceptible to phagocytosis and other similar processes.
The balance of the evidence seems to suggest that some similar though perhaps



1774 M. McLEOD

more subtle change is effected in organisms such as the Strepfococcus by
compounds of the sulphonamide group and other active sulphur-containing
derivatives.

SUMMARY

1. Ten compounds have been tested in respect of their chemotherapeutic
actions on mice infected with haemolytic streptococci, pneumococei, staphylo-
cocei or Bacillus aertrycke. The antibacterial actions in vitro of these compounds
have also been examined.

2. 3-Nitro-4-hydroxybenzenesulphonamide has a marked curative effect on
streptococeal septicaemias in mice. The low toxicity of this compound suggests
that it should be investigated on a wider scale.

3. Diacetyldiaminodiphenylsulphide delays the death of mice infected with
staphylococci.

4. Under the conditions of experimentation, no correlation could be estab-
lished between the action of these compounds in vitro and their chemotherapeutic
activity on infected mice. This result is in accordance with the view that the
important action of these compounds on the organisms is not one of gross toxicity,
but that it involves a damaging of the defences which normally protect the
organisms from the bactericidal processes of the body.

I wish to express my thanks to Dr W. O. Kermack for his help and encourage-
ment during the course of this work, and for supplying me with the compounds
tested.

Part of the expense of this work was paid out of a grant from the Moray
Research Fund of Edinburgh University.
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THE CHEMOTHERAPY OF TYPHOID

AND SOME OTHER NON-STREPTOCOCCAL
INFECTIONS IN MICE

ForLowinG the work of Domagk (1935) on Pron-
tosil, p-aminobenzenesulphonamide was shown to
be effective in the treatment of mice against intra-
peritoneal infection by streptococci (Tréfoucl, J. and
Mme,, Nitti and Bovet 1936 ; Buttle, Gray, and
Stephenson 1936 ; Colebrook and Kenny 1936) and
meningococci (Buttle et al. 1936 ; Proom 1937).

In this paper we describe the results obtained in
treating mice infected with various other organisms—
viz., Bacleriwm typhosum, Bact. paratyphosum B,
Baet, aertryele, pneumococcus, Friedlinder’s bacillus,
and pasteurella. The degree of protection is also
compared with that previously reported from the
Wellcome Physiological Research Laboratories for
the hemolytic streptococcus and the meningoceus.

TECHNIQUE

Infection of Mice.—A number of strains of each organism
were obtained, and the most virulent selected for this
investigation. All the organisms were grown for 18 hours
in the medium described by O’Meara and Brown (1936) ;
the cultures were diluted in broth and 0-5 or 1:0 ec.cm.
amounts injected intraperitoneally into mice of 25 to 30
grammes in weight. Dilutions of some of the strainswere
also made in 5 per cent. mucin, using a method similar
to that of Miller and Castles (1936) in their work on the
titration of antimeningococcus serum, The muecin pro-
duced a considerable diminution in the minimal fatal dose,
an observation which has already been made by Miller
(1935) for the meningococcus, and by Rake (1935) for
Bact. typhosum. The virulence of the strains tended to
decrease when they were kept on artificial media, but was
restored to some extent by mouse passage.

Treatment with the Sulphonamide.—The drug was given
to the mice by mouth in suspension with gum acacia
using a 1 c.em. syringe with a blunted needle. In pre-
liminary experiments on dosage a single injection of
100 mg. was tolerated by mice of 25 to 30 g., but produced
a temporary paralysis with incodrdinate movements of
the limbs which lasted four to five hours. Doses of 40 mg.
and 25 mg. were therefore used for the present investi-
gation and produced no symptoms.
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The general scheme of treatment was to give one group
of mice a single injection of the drug, and a second group
injections twice daily, commencing treatment in each
case immediately after infection. A third group received
their first treatment five hours after infection, and there-
after two doses a day as for the second group.

BACT, TYPHOSUM

Three strains were used of approximately equal
virulence—viz., “ Rawlings  (rejuvenated), * Alla-
habad,” and “DMrs. S.,” all of which were kindly
supplied by Major J. S. Boyd, R.AM.C. Experi-
ments have been made, with and without mucin, a
typical protocol (strain ‘ Rawlings ') being shown in
Table I.

In the first section of the experiment, no muein
was used to enhance virulence. Of 20 treated mice
(2 groups of 10 animals infected with 50 million
organisms and treated immediately) 15 were alive
twelve days after the injection of 100 times the
number of organisms (500 thousand) required to kill
all 10 control mice. In the s:zcond section, in which
mucin was used as a diluent for the culture, protec-
tion was obtained against a slightly larger number of
fatal doses ; a group of 10 treated mice, injected with
10 thousand times the number of organisms required
to kill 4 of 10 confrols, all survived for twelve days.
(In another experiment treated mice were kept for
one month, and no deaths occurred after the twelith
day.)

A single dose of 25 mg. of the sulphonamide was
almost as effective as doses of 25 mg. repeated twice
daily for 6 days. When treatment was delayed for
five hours after infection, the result was not as good
as with immediate treatment, although some pro-
tection was still demonstrable.

In these experiments we were able to isolate Bact.
typhosum from the heart blood, spleen, and, less
often, the kidney of some apparently healthy mice
one week after infection and treatment. After one
month a positive culture was obtained from the
spleen of one of twelve mice examined, and serum
tests sometimes showed the presence of agglutinins.
We also found that ftreated mice which survived
seemed to possess slight active immunity to a second
infecting dose one to four weeks later. (This pheno-
menon has not been observed in experiments on the
treatment of hmmolytic streptococcal infections in
mice,)
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BACT, PARATYPHOSUM

Bact. paratyphosum A strains were not used since
those available were of relatively low virulence.

We tested two recently isolated, highly virulent
paratyphosum B strains which Prof, Hedley Wright
kindly sent us. It was unnecessary to use mucin as

TasLe I

Treatment of Mice Infected with Bact. typhosum
(** Rawlings "—rejuvenated)

] }Iun%befr of mice
out of groups .
s, | ofiofafimgtn | Moo
Treatment with the & | each day after Huk:
organisms | vivin
sulphonamide. o ﬁnfeetiug! infection. e E
dose.* i days.
| 1st | 2nd| 3rd | 6th
ORGANISMS INJECTED WITHOUT MUCIN
None. 50,000 | .. | .. 10
400,000 i 1 0
5,000,000 10 (1]
25 mg. twice daily. 5,000,000 | .. sl e ire 10
50,000,000 1 31 i sl e 8
500,000,000 | 10 | . 0
Single dose (25 mg.). | 5,000,000 | .. | 2 8
50,000,000 | ‘1| 2 ki
25 mg. twice daily (first | 5,000,000 b WA V6|l 7
dose delayed 5 hours). | 50,000,000 ki Al ) 0
ORGANISMS INJECTED IN SUSPENSION WITH MUCINt
None. 50 3 a L i G
5,000 7 2 1 0
500,000 | 10 e 0
25 mg. twice daily. 5,000 | 10
00000 ] Sl S0 T ()
| 50,000,000 6 3 T 1| 0

*'As judged by opacity method, checked by serial dilutions in
Wright’s broth and colony counts on Wright’s agar plates.

t Ten mice injected with mucin alone, and 10 mice injected
with muein and treated with the sulphonamide, all survived.

500 organisms killed 60, and sometimes 100, per cent.
of mice within 48 hours of infection. Protection was
obtained against 100 to 1000 fatal doses, when treat-
ment with the drug was either a single dose given
immediately after infection, or a similar dose repeated
twice daily. * Delayed treatment > was less effective
than immediate treatment. The majority of the
deaths occurred before the third day of observation,
irrespective of the method of treatment.
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BACT. AERTRYCKE

Altogether six strains were used, three of which
were isolated from guinea-pigs, one from a mouse,
and two from human subjects. We are indebted to
Prof. W. W. C. Topley for two of the strains, and to
Dr. I, A. Knott for one. Suspensions in 5 per cent.
mucin of all the cultures were virulent for mice, and
gave very similar results with treatment,

A single dose of the sulphonamide produced a
slight, but definite, retardation in the time of death,

TasrLe II
Treatment of Mice Infected with Bact. aertrycke (with
Mucin®)
l - 5
Number of mice (out of =}
Approx. | groups of 10) dying on =
Treatment number | cach day after infection. B
with the |of organ- 2 =
su]p]ﬁon- 'isfmstjn : ] B :.N
amide. infecting | | Bl = 8
dotie: ilst 2nd 3rd]4th 5th | 6th |ya9¢y F‘E
GUINEA-PIG 8TRAIN, Q.G26
None. 5,000 | 5 | 2 D Lt T (A ) N
500,000 [ 9 | 1| .. .. ‘| (T
40 me. twice | _ 5,000 | .. .. .. | 2 | i' 8
daily. 500,000 | .. | .. | .. 3 |..1 4|3

HUMAN STRAIN, A.6
| a0 2 B [ 5 L st Ll |4
| 500,000 9 | 1 St | e
25 mg. twice | 50 | .. ‘ i
daily. 500,000 | co | e

None.

(L3
53
s
13-

* Ten mice injected with muecin alone and 10 mice injected
with mucin and treated with the sulphonamide all survived.

When administration of the drug was ** delayed for
five hours ” after infection and repeated twice daily,
the treated mice survived for only two to three days
longer than the controls,

The best effect was obtained with repeated doses
of the sulphonamide (Table IT), but even here the
protection was only temporary. Treatment produced
delay in the time of death of mice infected with a
large dose of culture (10,000 fatal doses), but the
majority of these animals died within a few days of
the controls. Only some of the mice infected with
approximately one fatal dose could be kept alive
for twelve days.
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The Bact. aertrycke survived for several days in
treated mice; although the mice appeared healthy,
the blood, spleen, and gall-bladder all gave a growth
of the organism seven days after infection, and a
positive culture was obtained from the spleen of one
animal which had survived for eighteen days.

FRIEDLANDER'S BACILLUS

One strain of exceptional virulence was selected
from a series sent from the National Collection of
Type Cultures through the courtesy of Dr. St. John
Brooks., A protocol of a typical experiment made
with this strain is appended (Table IIT). The out-

TarrLe III

Treatment of Mice Infected with Friedlinder's Bacillus
(Strain 12). (Without Mucin)

@
- : =]
Number of mice (out of =

Approx. = : B

T, groups of 10) dying on B

r\l‘?i"ﬁn{'ﬁg‘t ﬂl}%r;‘g]:z;_ each day after infection. b

alllpj:lon- 'ximﬂfmst in . ?-3:
amide. infecting th—|

dose. © | 1st |2na| srd | 4tn | 5t | 6tn |T9¢n é"'

None. 1 (3 1| & o | 4

10 1 5 4 oo |f Al

100 4 6 = s ata 0

1,000 | 9 | 1 ‘ e | 0

25 mg. twice 13 | Akl | an (Fees o =10

daily. 1 11 (SRR B | e 1 1 5 2

1000 | <50 s 1| 4 2 3 e 0

1,000 .. | 1 2| 7 co |l f0

10,000 | .. | .. | 10 } Zs S|S0

100,000 | 1 s e 1]

11,000,000 1 6 3 [ - | 0

standing feature was that frequent doses of the sul-
phonamide gave temporary protection only. Although,
at an early stage of the experiment, mice infected
with 10,000 fatal doses appeared healthy, it was only
those animals which had received approximately one
fatal dose which survived for twelve days.

It is probable that the infection produced in mice by a
number of other members of the genus bacterium may be
influenced by the sulphonamide. Sinee this paper was
written, slight protection was obtained against a Gram-
negative, slow lactose-fermenting bacillus, which was
highly virulent for mice. It was isolated by Dr. David
Haler from a case of adult dysentery, but does not con-
form to any of the recognised features of the dysentery
group. Dr. Haler informs us that a similar organism is
sometimes associated with pyelitis and with infantile
dysentery.
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PNEUMOCOCCUS

It has already been reported (Buttle et al. 1936)
that the sulphonamide has little effect in the pro-
tection of mice against infections by the pneumo-
coceus, Type I. In view of the effect obtained against
other infections by repeating the doses of sulphon-
amide at short intervals, experiments on the treatment
of pneumococeal infections were resumed.

In the control series, groups of 6 mice were killed
within forty-eight hours by infecting doses of approxi-
mately 5 pneumococei, Type I. Groups of treated
mice (40 mg. twice daily) infected with 5 and 500
pneumococei appeared healthy for the first three
days, but some deaths were observed on the fourth
day, and by the twelfth day all the mice had died.

The experiment was repeated with another virulent
strain of pneumococcus, Type II. The time of death
of the treated mice was delayed a little longer than
in the case of the infection with the Type I strain.

Rosenthal (1937) studied the effect of the sulphon-
amide on mouse infections with a number of pneu-
mococcal strains of Types I, II, and ITI. He reported
that 25 to 50 per cent. of the treated mice survived
for seven days, and, in the case of one strain, 86 to
100 per cent. of mice were cured. The sulphonamide
was injected subcutaneously in emulsion with olive
oil. It is possible that strain variation may explain
the difference between Rosenthal’s results and ours,
although another factor may have been the method
of administration of the drug.

PASTEURELLA

Preliminary work would suggest that the drug has
a temporary and very slight beneficial effect against
infections with Pasl. pseudotuberculosis and Past.
septica, Turther experiments are projected, in view
of the relationship between these organisms and
Past, pestis.*

* Staphylococcus.—Sinece this paper went to press we have
tested for virulence a number of strains of staphylococcus
isolated from bovine and canine sources by Prof. F. C. Minett.
One bovine strain was of exceptional virulence, mice being
killed within 48 hours by approximately 50 organisms suspended
in mucin. Treated mice that had received 1000 fatal doses
survived for upwards of 12 days. In our previous work with a
large number of human strains we did not find any organisms
of sufficient mouse-virulence to enable us to demonstrate any
degree of protection.
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Effect of the Sulphonamide in vitro

Only three of the above organisms have been
studied so far—viz., Bact, aertrycke, Bact. typhosum,
and pneumococcus,

BACT. AERTRYCER

The inhibitory eflect of p-aminobenzenesulphonamide
on the rate of growth of this organism in culture medium
in vitro is not nearly so great as that found with the strep-
tococeus (Colebrook, Buttle, and O’Meara 1936). An
inoculum of approximately 8 organisms of our guinea-pig
strain, Q.626, grows in the broth medium deseribed by
Wright (1933), and the addition of 0-1 per cent. of the
sulphonamide does not inhibit the growth appreciably
(see also Nitti, Bovet, and Depierre 1937). If the tubes
are incubated anaerobically, however, the addition of
0-1 per cent. sulphonamide inhibits growth for sixteen
hours.

If the organisms are grown in defibrinated human
blood (G.A.H. B.), and incubated inslowly rotating tubes,
it is necessary to use aninoculum of 1,000,000 organismsin
0:5 c.em. of blood to obtain growth (an inoculum of
100,000 organisms is destroyed by the blood itself). The
addition of 0-04 per cent. of the sulphonamide to the blood
produces a slight bactericidal effect ; 1,000,000 organisms
are destroyed, but there is no appreciable efiect on an
inoculum of 10,000,000 organisms. If the leucocytes are
removed from the blood by the method described by
Fleming (1926), the addition of 0:04 per cent. of the sulphon-
amide does not influence the growth of an inoculum of
1,000,000 organisms. With streptococei, on the other hand,
the addition of 0:01 per cent. of the sulphonamide con-
siderably delayed the growth of the coeci even in blood
from which the leucocytes had been removed. As the
sulphonamide produces so little inhibition of growth of
Bact. aertrycke in culture medium or in deleucocyted blood
it seems possible that, in whole blood, it may act by
rendering the organisms more susceptible to phazocytosis
(see also Long and Bliss 1937).

The effect of the sulphonamide on the growth of Bact.
aertrycke in vitro appeared to be so slight that experiments
have been carried out to determine whether there was any
other factor contributing towards the recovery of the
treated mice.

The serum taken from two treated mice seven days
after infection did not agglutinate Bact. aertrycke. Treated
mice which had survived for two weeks were just as
susceptible as normal mice to a further injection of culture.

In another experiment, a group of six mice was injected
intraperitoneally with the soluble polysaccharide prepared
by Prof. Topley, from the mouse strain of Bact. aertrycke
and very kindly sent to us for the investigation ; a second
group of 6 mice, similarly injected with the polysaccharide
was treated with the sulphonamide, and a third group
received mixtures of the sulphonamide and the poly-
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saccharide. The mice in the treated groups died at the
same time as the controls which had not received
the sulphonamide.

BACT. TYPHOSUM

The results of tests with this organism were similar to
those obtained with Baet. aertrycke. In preliminary ex-
periments the drug produced little inhibition of growth
in broth, whereas a definite bactericidal action was demon-
strable in defibrinated whole blood. An inoculum of 100,000
organisms grew in normal blood, whereas in blood contain-
ing 0°04 yer cznt. of the sulphonamide 1,000,000 organisms
were killed, and 10,000,000 were inhibited for 18 hours,

PNEUMOCOCCUS

Although the treatment of pneumococcal infections in
the mouse is even less effective than the treatment of
Bact. aertrycke infections, the inhibition of growth of the
pneumococcus, Type I, in a broth medium is nearly as
great as that obtained with the hmmolytic streptococcus,
and very much greater than that with Bact. aertrycke.
Thus, 0-01 per cent. of the sulphonamide prevents the
growth of 50 pneumococci in broth, while 0-1 per cent.
of the sulphonamide is almost without effect on the
growth of a smaller inoculum of Bact. aertrycke. 1f, how-
ever, the pneumococei are grown in defibrinated human
blood (G. A. H. B.), incubated in slowly rotating tubes, the
effect of the sulphonamide is only very slight. The coceci
grow in twenty-four hours from a very small inoculum—
3 organisms—with or without the addition of 0-01 per cent.
of the sulphonamide ; the growth in the blood containing
the sulphonamide, however, is not as rapid as in the
controls. The results of experiments in vivo, therefore,
correspond more closely with those obtained in vitro in
blood than with those in culture medium.

The above results of in-vitro tests are of a pre-
liminary nature, only one strain of each of these
organisms having been tried with the blood of two indi-
viduals. Further work is clearly necessary on the
action of the sulphonamide on several strains of
organisms in vitro in the blood of different individuals.

Discussion

The foregoing experiments show that the early
oral administration of p-aminobenzenesulphonamide
prevents or delays the development of septicemia
and death in mice infected with a number of different
organisms, An attempt has been made to sum-
marise the available data in Table TV ; earlier results
with the hemolytic streptococcus and meningococeus
are included for purposes of comparison, It is
emphasised that the figures are only approximations
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and depend to some extent on the virulence of the
organisms used. ;

It will be seen that there are three grades of pro-
tection. In the first group, intensive treatment with
the drug merely delays the death of the mice; in
the second, frequent doses are requisite if the protec-
tion is to be other than temporary; and, in the
third, a single dose given immediately after infection
produces a maximal effect.

With regard to the rdle of the sulphonamide,
evidence has been adduced that the drug has an

TasLe IV
Grades of Protection with p-Aminobenzenesulphonamide

Approx. number
of fatal doses
== against which

mice are
protected.
For For
2 days. | 12 days.
A. Frequent doses give | Bacl. aerlrycke. | 10,000 1
temporary protection | Friedlinder's 10,000 1
only. bacillus.
Pneumococeus. 100 0
ast. pseudo- 100 0
tuberculosis.
Past. septica. 100 0
B. Frequent doses give_J Streptococeus 10,000
lasting protection. heemolyticus.

(Single dose gives tem-
porary protection.)

C. Single dose gives last- | Meningococcus. 1,000,000
ing protection. RBact. typhosum. 100-1000
Bact. para- 100-1000

typhosum B.

inhibitory effect on the multiplication of small num-
bers of streptococei and wvarious other organisms
in vitro in broth medium and in deleucocyted blood.
It is almost certain that this also oceurs in the blood
in vivo, but it is probable that here the leucocytes
also play a part. Long and Bliss (1937) observed
a marked degree of phagocytosis by the leucocytes
in the peritoneal exudate of mice infected with
hemolytic streptococcus and treated with the sulphon-
amide ; there was no evidence of phagocytosis in
the untreated controls, These authors therefore
believe that the drug has an important action in
injuring the organisms and making them more
susceptible to phagoeytosis. In our experiments on
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Bact. acrtrycke and Bact. typhoswm, we obtained some
support for this view; we could demonstrate a
slight bactericidal effect for the sulphonamide in
whole blood in vitro, but in deleucocyted blood or
culture medium there did not appear to be a definite
diminution in the rate of growth,

The drug is now being tried in the treatment of
hemolytic streptococeal and also in a few meningo-
coceal infections in man, but the results of the mouse
experiments would suggest that it might have an
even wider appliea,tmn In certain infections, the
action is probably insufficient to be of eclinical value
by itself, and, in these, the sulphonamide might possibly
be useful in conjunction with other measures—e.g.,
therapeutic serum in the treatment of pneumonia.

Summary

p-Aminobenzenesulphonamide protects mice against
multiple lethal doses of Baet., typhosum and Ba.ct.
paratyphosum B. There is some degree of protection
against Baet. aertryeke, Friedlinder’s bacillus, pneu-
mococeus, Past. pseudotuberculosis, and Past. seplica.

A single dose of the sulphonamide gives lasting
protection against some of these organisms ; repeated
doses lead only to delay in the death-time of the mice
infected with others.

In no instance are the results of treatment
as satisfactory as in hsemolytic streptococcal and
meningococeal infections.
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SECTION 1

REVIEW OF LITERATURE

1. ANIMAL EXPERIMENTS.

With Ehrlich's great discoveries in
Germany the foundations of modern chemotherapy
were laid, and it was again the work of the
German chemists to demonstrate first the chemo-
therapeutic action of the prontosil groups of
compounds. The possible value of azo com-
pounds (compounds containing - N = § - linkage)
as bactericidal agents was first demonstrated in
191% by Eisenberg who showed that diaminoazo-
benzene or crysoidin would kill the streptococcus.
Unfortunately, his successful experiments in
vitro could not be repeated in the animel body and
it was soon realised that there was an almos?t
unbridgeable gulf between the splendid results in
the test tube and the indifferent response in the
living infected animal.

Ehrlich drew a comparison between the
organic linkages present in certain dye-stuffs
with those in certain drugs and this comparison
has come to be more than an analogy.

Many years ago the German chemists

realised that aniline dyes for certain fabriecs

had/



had a constitution in which two benzene rings

were joined by an azo linkage with a sulphonomide
group in the para position on one of them. These
azo compounds were originally prepared by HBrlein,
Doressel and Kolthe (1909 and 1910) in the Elber-
feld laboratories. Some years later the
German workers, thinking that this same constitution
might confer a destructive affinity for certain
microbic protoplesms, infected animals with a
variety of pathogenic organisms they had to hand
and treated them with aniline dyes of this type.

HAEMOLYTIC STREPTOCOCCAL INFECTIONS

From work such as this arose the dis-
covery by Domagk (1935) that azo compounds con-
taining the sulphonamide group had a remedial
action in the streptococcal sepsis of mice.

This discovery was the true starting point for the
preparation of a new series.

The original prontosil, prontosil red

or diaminoazobenzenesulphonemide
NH,.50,<C__>~W - N@Nﬁz
2

was prepared by Mietzsch and Klarer (1932) by

diazotising/



diazotising p-aminobenzenesulphonamide and
coupling it with m-phenylenediamine. It was
introduced in the form of a hydrochloride which
is sparingly soluble in water, and later as the
free base which is still less soluble. The
degree of absorption of both compounds was
practically identical. This compound is
usually administered orally.

A short time later a sulphonic acid
derivative of prontosil red was introduced.

This was prontosil soluble, a compound which is

given intramuscularly. It has the formula
HH.GOCH3
NH,.50;X__ >N = ¥
Na803 SOBHa

The remarkable action of prontosil
was soon recognised to be a fairly general and a
moreor less graduated property of a whole class of
chemical compounds. These substances are
characterised by the presence of a sulphonamide
group ( -SO, - NHy ) or of certain other sulphur
containing groups as substituents in certain
positions in the benzene ring.

Study of toxicological details soon
showed the comparative innocuousness of these
new drugs. Mice tolerated up to B mg. per

gram body weight either by mouth or subcutaneously.
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Moreover, when given in fairly large amounts the
dyes were found to penetrate into all the tissues
a fact which probably explains their potent action
on streptococei localised in the most varied
gsituations in the body.

The work at the Elberfeld laboratories
by Domagk was confirmed by Levaditi and Vaisman
(1935, 1936) at the Pasteur Institute and also by
ci¥ara (1936).

Working independently of the Elberfeld
investigations, Tréfomél;, Trefomel , Nitti and
Bovet (1935) prepared a colourless antistrepto-
coccal product outside the azo series. This
compound was p-aminobenzenesulphonamide, now
frequently called sulphanilamide. It has the
gsimple formula

NE,.50,<__>-NH,
These French investigators were the first to show
that the azo grouping was unnecessary and that
this simple compound was equally effective in
curing haemolytic streptococcal infections in
both mice and rabbits.

In a series of articles (1936, 1937)
the French workers gave further accounts of their
experiments on many substances allied to prontosil

and/
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and on a large number of derivatives of p-amino-
benzenesulphonamide. They found thatif the
m-phenylenediamine portion o6f the prontosil
molecule was replaced by allied groups the anii-
streptococcal activity was little altered, but if the
aminosulphonamide portion was replaced the
sctivity was found to disappear. From these
results it seemed possible that the active agent
in prontosil was the simple p-aminobenzenesulphon-
amide, and that the latter substance was formed
from prontosil in the animal body by reduction at
the azo linkage.

The fact that p-aminobenzenesulphonamide
is active in streptococcal infections in mice
was confirmed by Goissidet et al (1936) who a8lso
showed that the benzyl derivative of p-aminobenzene-
sulphonamide

{>cmp e »80,.NH, |

has a similar though less marked curative effeect
on haemolytic streptococcal infections of mice.

The first published contribution by
British workers came from Buttle, Gray and
Stephenson (1936) who tested p-aminobenzenesulphon-
amide against several serological types of the

haemolytic/



haemolytic streptococcus and found that the
compound would protect mice against 50,000 lethal
doses of the organism. The anilide of sulph-
anilic acid was found to be as active as the
amide though sulphanilic acid itself was almost
inactive.

Buttle and Stephenson (193%7) have shown
that the mouse protective action is much more
pronounced against streptococcal infections in
mice in the case of 4.i diaminodiphenylsulphone
and certain of its derivatives.

N 50, > NH,

This compound though 25 times as toxiec
as sulphanilamide was shown to be 100 times as
active while 4.4 dinitrodiphenylsulphone

N0p<_ >S50, )-No,
was found to be as active and slightly less toxic.

Similar results were obtained independ-
ently by Fourneau et al (1937) who have-supple-
mented this work by investigating other sulphur
products, namely diphenylsulphide and diphenyldi-
sulphide derivatives. They found that 4.4
dinitrodiphenylsulphide

was/
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was about 4 times as active as sulphanilamide and
that 4.4'dinitrodiphenyldisulphide
w0,X__>s-5<__ W0,

was about 4 - 8 times as active. Continuing
their work on the protective action of organic
sulphides and sulphones against diverse experimental
septicaemias, the French investigators obtained
good results in streptococcal and pneumococcal
infections in mice with 4.4' diascetyldiaminodiphenyl-
sulphone

czC0.N8<__ »50,__ DNH.00CH;
Gley (1937) confirmed these results and contributed
further material by investigating the action 0f P-
acetylaminobenzenesulphinic acid and p-acetylamino-
benzenethiophenol. He found that these com-
pounds had an antistreptococcal action comparable
with the simple sulphanilamide. In a further
paper Gley and Girard (1937) record their results
on the therapeutic action of 4.4' diaminodiphenyl-
sulphide or thioaniline
against the streptococcus in the mouse. This
compound also showed a greater activity than p-
aminobenzenesulphonamide.

Mayer and Oechslin (19%7) realising that

in/



S

in the ease of sulphanilamide there is a possibility

of oxidation in the body before direct action on

the organisms occurs, tried the antistreptococcal

activity of the following compounds; p-p'-hydrazo-

benzenesulphonamide, p-nitrobenzenesulphonamide,

p-nitrosobenzenesulphonamide and p-sulphamido-

benzene hydrazine. The last two compounds were

completely inactive but p-nitrobenzenesulphonamide
80,<__ »50,.NH,

was found to be more active than p-aminobenzene-

sulphonamide. P-Pp'-hydrazobenzenesulphonamide

was completely inactive.

A peper appeared by Domagk (1937)
deseribing the activity of the "uliron" group of
compounds.

(1) §EK_ >50,.NH__ »50,.¥(CHz),
p-aminobenzenesulphonylaminobenzenesulphon-
dimethylamide or uliron.

(2) mEgC_ »50p.NEL _ »502.NH.CH3
p-aminobenzenesulphonylaminobenzenesulphon-
methylamide.

(3) NHZDSOQ.NHQSOQ.NHQ
p-aminobenzenesulphonylaminobenzenesulphon-
amide.

These compounds previously mentioned by

Buttle, Gray and Stephenson (1937) and by Rosenthal

Bauer/
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Bauer and Branham (1937), were found to be all
equally effective in haemolytic streptococcal in-
fections of mice and were comparable to sulphanil-
amide and prontosil in therapeutic activity.

Girard, Rayryend Richard (1937) reported
that from mouse experiments they were able to show
a high curative activity with a series of para-
substituted aromatiec sulphoxides containing
hydroxyl, amino and nitro groups, not only against
streptococecal but also against gonococcal infections.

A later paper by Levaditi, Girard and
others (1937) gave general indications of the type
of compound showing antistreptococcal activity.
They carried out tests on 75 compounds, and of
these found that the most active was 4-nitro-4-
aminobenzenesulphoxide

502 »-50<__»¥m,

Working with pyridine derivatives Kolmer,
Brown and Raiziss (1937) found that 2.2'pyridyl-
sulphide-dihydrobromide produced an effecet similar
to prontosil and sulphanilamide against streptococcal
infections in rabbits.

The introduction &f pyridine into the

molecule/
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molecule resulted in the discovery of the activity

of 2-sulphanilylaminopyridine, M. & B. 693 or

"Dagenan
NHQD S0, .NH
N

which was tested in experimental infections by
Bhitby (1938) who examined a large number of newly
synthesiged drugs prepared by May and Baker's
research laboratories. This compound is

highly active against streptococcal infections in

o dose as low as 1 milligram per 20 gram mouse,

and it is also active against the pneumococcus, and
the gonococecus.

Continuing their investigation of sub-
stances allied to 4.4'-diaminodiphenylsulphone in
streptococcal infections of mice Buttle et al (1938)
found that diacetamidodiphenylsulphone, p-acetamido-
benzene sulphinie acid, 2-pyrrolidone-5-carboxyl-
amidobenzene-4-sulphinic acid were active whereas
tetrabenzyldiaminophenylsulphone, 4.4'diehlovdi-
phenylsulphone and 4.4'dihydroxyldiphenylsulphone
were inactive.

Crossley et al (1938) found many

compounds/
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compounds of the "Uliron" or disulphanilamide

type to be at least equal to the original p-amino-

benzenesulphonamide in antistreptococcal activity.
Schaffer (1938) investigating various

new compounds by intravenous injection has found

that phenylalaninesulphonamide is superior to

p-aminobenzenesulphonamide in experimental haemo-

lytie streptococcal infections of rabbits.

PNEUMOCOCCAL INFECTIONS

Experimental studies carried out with
sulphanilamide have shown that this compound is
relatively inactive against the pneumococcus, as
compared with its activity against the haemolytic
streptococei. The original impression given
by Domagk (19%35) was that prontosil red had some
action on pneumococcus Type T11 but none on Types I
and II; later (1936) he found that sulphanilamide
was more effective against pneumococci than was
prontosil. Buttle et al (1937) stated that
sulphanilamide merely delayed death in mice infected
with pneumococci and Rosenthal (1937) reported that
in mice, sulphanilamide had some activity against
7 sbrains of pneumococcus (Types I, II and IIT) but
indicated@ that there was considerable variation in

susceptibility to different strains.
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Cooper, Gross and Mellem (1937) found some
effect against 10 lethal doses of a highly virulent
Type I11 coccus inoculated subcutaneously into
mice. Cooper and Gross (1937) found also
some protection against the intrathecal injection
of Type IIL pneumococcus in rats as well as
ageinst two strains of Type II and of Type I,
while Sehmidt (1937) found sulphanilemide effective
against 10 lethal doses of Type ;zz PNneumococCeus
Whitby (1937) found almost no protection with
sulphanilamide against 10,000 lethal doses of
Type T pneumococeus. It would seem that al-
though sulphanilamide has a certain effect against
a small number of lethal doses of the pneumococcus
it is notable to control the heavy infection in
mice.

Fourneau, Tréfcné&', Nitti and Bovet
(1937) obtained good effects in the pneumococcal
infections of the mouse with diacetyldiaminodi-
phenylsulphone.

cH300NHQsogQNHOGCH3
One milligram of this compound showed an action
equal to 10 milligrams of sulphanilamide and the

tolerated dose was very much greater.
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Girard and Vaisman (1938) reported a
small antipneumococcal activity from 4.4'diacetyl-
dihydroxydiphenylsulphone.

Whitby (1938) brought forward the first
really effective antipneumococcal compound. This

was 2-sulphenilylaminopyridine or M. & B. 693

NHp¥ )S0, .NH< >

From his experiments Whitby found that M. & B. 693
protected mice effectively against 10,000 lethal
doses of pneumococcus Type I and afforded consid-
erable protection against 10,000 lethal doses of
other types of pneumococeci.

Buttle et al (1938) reported that 4.4'
diaminodiphenylsulphone had some action on pneumo-
coccal infections of mice but the effect was rather
to delay death than to cure completely. In a
later paper (1938) they reported that the benzyli-
dene derivative (Schiff's base) of the sulphone
produced a good therapeutic effect in pneumocecal

infections in mice.

MENINGOCOCCAL AND GONOCOCCAL INFECTIONS

Buttle, Gray and Stephenson (1936) were
the/
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the first group of workers to describe the results
of animal investigations on mice infected with the
meningococcus. They were able to demonstrate
complete protection of mice against a dose of one
million meningococci. Proom (19%7) supplemented
these results and found that the dose must be given
immediately after the infection with the organisms
and that one dose gave almost as good a proteection
as repeated doses. These results have been
confirmed by Levaditi and Vaisman (1937) in France
and by Weinberg, Mellon and Shin (1937) in America.
Rosenthal et al (1937) showed that
disulphanilamide or p-aminobenzenesulphonylamino-
benzenesulphonamide was more effective than sulph-
anilamide against meningococcal infections of mice,
whilst Whitby (1937) found 4.4'disminobenzenesulph-
onanilide tartrate as effective as p-aminobenzene-
sulphonamide. Whitby (1938) has also demon-
strated the activity of M. & B. 693 or 2-sulphanilyl-

aminopyridine Hrfﬁ\w
NHEDSOZ BB o

N
in experimental meningococcal infections.

The gonococcus is almost non-pathogeniec

to/
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to snimals and it is only fairly recently that
true gonococcal infections have been produced in
mice.

Long and Bliss (193%8) have reported
that experimental gonococcal peritonitis and
septicaemia can be cured by sulphanilamide.

Carpenter, Hawley and Barbour (1938)
infected mice with lethal doses of gonococcal toxin
and found that they were saved from death by ade-
quate doses of sulphanilamide.

Levaditi and Vaisman (1937) found that
4-nitro-4'-aminodiphenylsulphoxide would protect
mice against the gonococcal endotoxin.

NOQOSODNHa
They also found that animals so treated did not
acquire antigonococcal immunity. The same
group of workers infected mice with both the meningo-
coccus and the gonococcusi:and showed that treatment

with 4.4'diacetoxydiphenylsulphone

CH,00. OQZ’O@O . COCH,

secured a high percentage of recoveries.

The observations on gonococcal infections
of mice will suffice to show that sulphanilamide
and a number of sulphonomide compounds are effec-
tive against gonococcal infections in experimental

animals.
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Although the present discussion is

limited to reports of animal experiments it is of
 interest to note that M. & B. 693 or 2-sulphanilyl-
aminopyridine has been found elinically to have
outstanding antigonococcal action in addition to
its antistreptococcal and antipneumococcal effects.
At the seme time, as far as the writer is aware,
there have been no reports of successful animal

experiments with this compound on the gonococcus.

STAPHYLOCOCCAL INFECTIONS

Domagk (1936) obtained fairly good re-
sults with prontosil as a chemotherapeutic agent
against staphylococcal infections of rabbits.

Buttle et al (1937) found that treated
mice which were infected with 100 Zethal doses of
the staphylococcus survived for several weeks, but
at the end of this time many animals died off, and
on post-mortem examination almost all the animals
were found to have multiple staphylococcal lesions.

De and Basu (1938) found that sulphanil-
amide protected mice against the staphylococcus but
they obtained muach better results with a combination
of antitoxie and antibacterial staphylococcal serum

along with sulphanilamide treatment.
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Buttle et al (1938) mentioned that 4.4'
diaminodiphenylsulhpone was effective in staphylo-
coccal infections of mice.

NHgOSOz‘D NH,

Domagk (1937) claimed to have obtained
very much better:results than had previously been
shown wusing "Uliron" or p-aminobenzenesulphonyl-
aminobenzenesulphondimethylamide against staphylo-

coccal septicaemias of mice.

COLI-TYPHOID INFECTIONS

Buttle et al (1937) investigated the
therapeutic efficiency of sulphanilamide in infee-
tions in mice produced by the typhoid.bacillus and
the paratyphoid bacillus and found that the drug
would protect mice against about 100 lethal doses
of these organisms. In the case of Bacillus
Aertrycke and Friedlander's pneumobacillus frequent
doses of sulphanilamide only gave a temporary pro-
tection. However, mice infected with 10,000
lethal doses of the causative organism of Sonne
Dysentery were completely protected by sulphanilamide.

Levaditi and Vaisman (1935) were un-
successful in obtaining aetion in mice with prontosil
red therapy against Bacillus paratyphosus B and

against Friedlander's infections in mice.
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Blirgers (1937) was similarly unsuccessful in ob-
taining protection in mice against Friedlander's
pneumobacillus.

Levediti and Vaisman (1938) reported
the successful antiendotoxies action of various
sulphenamide and sulphoxide compounds towards the
endotoxin of both Flexmer's and Shiga's dysentery
bacillus when the endotoxin was injected into mice

intravenously.

TUBERCLE INFECTIONS

Rich and Follis (1938) reported that
sulphanilamide exerted a striking inhibitory effect
on the development of gxperimental tuberculeosis in
guinea pigs. Buttle and Parieh (1938) con-
firmed this result but found that p-aminobenzene-
sulphonamide had no effect on rabbits infected with
bovine tuberculosis. Smithburn (193%8) found
that there was no change in the survival time of
tuberculosis infected animals when treated with

sulphanilamide.

MISCELLANEOQOUS INFECTIONS

Domagk (19%7) obtained successful re-
sults treating mice infected with the organism of
gas-gangrene (Bacillus Welechii) with the uliron

group of compounds ( see page 8).
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Sulphanilamide therapy against Pasteurella
Pseudotuberculosis and against Pasteurella Septica
was investigated by Buttle et al (19%7) who obtained
only a temporary and very slight beneficial effect
in the treated as compared with the control group.

Levaditi and Vaisman (1935) obtained
negative results using prontosil red therapy against
Pasteurella infections. Recently (1938) Levaditi
and Beinié have found that sulphanilamide and also
certain sulphone derivatives are active against
Pagteurella Avidica infections of mice and fowls.

Chin (1938) has reported that daily oral
administration of 100 milligrams of sulphanilamide
to guinea pigs infected with lethal doses of
Brucella Abortas and Brucella Suis resulted in
complete protection from the infections.

Blirgers (193%7) was unsuccessful with
prontosil therapy against pertussis infections in
mice.

Cruikshank (1938) found that both sulph-
anilamide and M. & B. 693 when given orally or by
injection are without effeet on the course of ex-
perimental pertussis infections in mice (infected
by the intranasal route).

Coggeshall (1938) found that sulphamilamide

treatment/
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treatment by mouth or injection prevented or cured
malaria in monkeys caused by intraperitoneal in-
jections of Plasmodium knowlesi. Similar
experiments with p-aminobenzenesulphonylaminobenzene-
sulphonamide gave negative results. Neither
drug was of .any value against Plesmodium cathemerium
in canaries or Plasmodium cophurae in chicks.
Das Gupte and Chopta (1938) confirmed these results
using soluseptasine to cure monkeys infected with
Plasmodion knowlesi. However, Buttle et al
(1938) were unsuccessful with sulphanilamide
therapy against malaria in canaries.

(1938)

Niven/came to the conelusion that although
prontosil had some action on malarial parasites,
especially on Plasmodium <faleiparum, it has no
place in the treatment of malarias owing to its
moderate efficiency, high toxicity and cost.

Many attempts have been made to apply
sulphanilamide therapy to the virus diseases but
as yet there are few reports of successful therapy.
There are three accounts of negative results in
attempts to ceure or prevent the occurrence of
poliomyelitis in monkeys by dosage of sulphanilamide.
These come from Kelson (1937), McKinley, Acree and
Meck (1938) and from Toomey and Takacs (1938).
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Chemotherapeutic experiments on the
virus causing lymphogranuloma inguinale have been
reported from MacCallum and Findlay (1938) who
found that both sulphanilamide and a glucose de-
rivative of 4.4'diaminodiphenylsulphone protected
a large percentage of mice against the virus.

These results have been confirmed by Levaditi (1938)
and Bir (1938).

Marcus and Necheles (1938) found that
sulphanilamide treatment was effective against the
virus of distemper in the course of an epedemiec
of distemper in the laboratory kennels. Whitney |
and Dickerson were unable to find that prontosil,
sulphanilamide or sodium sulphanilyl sulphanilate
(the sodium salt of p-aminobenzenesulphenylamino-
benzenesulphonamide) had any action on canine dis-
distemper. These results were in direct opposi-
tion to those of Dochez and Slanetz (1938) who
claimed that sodium sulphanilyl sulphenilate ex-
erted a curative action in both dogs and ferrets.
MacIntyre and Montgomerie (1938) have not been
able to confirm these results.

Oakley (193%8) tried the effeect of many
sulphur drugs on the virus of influenza; he found

that/
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that there was a slight curative effect with 4.4'-
diaminodiphenylsulphone glucoside.

Boyland (19%8) has reported that 4.4'-
diaminodiphenylsulphoxide and sodium sulphanilyl
sulphanilate retard the growth of spontaneous
mammary cancer in mice. Amongst other compounds
tested Boyland found that sulphanilamide itself
also seemed to exert an effect on mammary cancer.
Findlay and MacCallum (1938) found that lymphocytic
ch;oriomeningitis in mice, yellow fever and rift
valley fever infections in mice were unaffected by
prontosil and allied drugs.

Levaditi (1938) reported that aromatic
sulphur compounds of the sulphonamide, sulphone
or sulphoxide type are valueless against diseases
¢aused by neurotrophie viruses.

The above account of the results hitherto
. published in the action of sulphur containing com-

. pounds on various experimental animal infections

~ does not claim to be exhaustive. - The literature
; which is already very extensive is multiplying very
rapidly and it is not possible to do more than

| indicate the most important results.
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SECTION TI

MODE OF ACTION OF SULPHONAMIDE COMPOUNDS

ON BACTERIA

The manner in which all these drugs exert
their action has been the subject of much study.
Were it clearly understood how they act it would be
possible to forecast activity from the theoretical
aspect and evolve some method of preliminary trial
less laborious than the empirical essay on animals.

At the present time comparatively little
progress has been made in the discovery of the
fundamental principles underlying chemotherapeutic
action or of the detailed mechanism whereby active
drugs cure animals infected with particular diseases.
In the case of the sulphur containing compounds a
large amount of work has been done with the objeect
of eluéidating the mode of action but many points
are still obscure. Two main questions present
themselves; first whether the compounds act
directly on the bacteria or whether their effect
is indirect, for example, through stimulation of
leucocytes or neutralisation of toxins, and second
whether particeular compounds are themselves the

active/
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sctive agents or whether they are first converted
in the body by suitable chemical change into the
really active compounds.

Various authors have adduced evidence
in favour of the view that these sulphonamide com-
pounds have an indirect action. Levaditi et al
(1935) claimed some neutralisation of streptococcal
toxin by the prontosil compound. Levaditi eand
Vaisman (1937) brought forward further evidence to
support the theory of the neutralisation of certain
microbie toxins by sulphur benzene derivatives
when they showed the action of sulphides, sulphones,
and sulphoxides on the gonococcus. Their ex-
periments on the antigonococcal action of 4 nitro-4-
aminodiphenylsulphoxide demonstrated anti-endotoxic
activity. Further the mice having survived an
intraperitoneal inoculation of the gonococcal endo-
toxin acquired an antigonococcal immunity. It
seemed that the benzene sulphur derivatives neutral-
ised the endotoxin and at the same time increased
its antigenic power.

Osgood (1938) carried out experiments with
bone marrow in order to try to elucidate the
mechanism of the action of sulphanilamide. He
maintained that the major effect was the neutral-

isation/
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neutralisation of the toxins of the streptococcus,
and that the drug had no direct effect either on
the organisms or on the phagocytosis of the bacteria
by the leucocytes. For this theory there is
little evidence, as many antiseptics have the power
of neutralising the streptococcus haemolysin, and
Osgood used the disappearance of haemolysin from
streptococcal cultures as the chief argument in
favour of his theory.

Investigating the bacteriostatic aetion
of p-aminobenzenesulphonamide on the haemolytie
streptococcus Finklestone-Sayliss, Paine and
Patrick (1937) showed that the bacteriostatiec
action is preceded by a phase of growth stimulation |
which is more pronounced in young cultures than in |
cultures which have passed through the logarithmic
phase of growth. Sulphanilamide did not appear
to modify the activation of polymorphonuclear
leucocytes but stimulated the phagoeytie activity
of reticuloendothelial cells of rabbits and the
production of polymorphonuclear leucoeytes by the
bone marrow. Further, Finklestone-Sayliss et
al. found that sulphanilamide was more soluble in
the, fatty envelope that can be separated from the
haemolytic/
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haemolytic streptococcus that it is in aqueous
solution. At the same time it is generally
agreed that these compounds have not a very marked
bactericidal action in vitro, and so a simple direct
lethal action on the organism seems to be excluded.
However, there is a large amount of evidence which
shows that in the presence of these compounds the
growth of many bacteria is inhibited ewen although
they are not actually killed. The idea has
therefore been put forward that the action of the
compound is primarily a direet bacteriostatic one
and that the leucocytes are then able to deal with
the organisms in their resting and perhaps enfeebled
condition. In support of this view Colebrook,
Buttle and O'Meara (1936) found that blood or serum
mixed with prontosil in vitro had noraction on the
streptococcus whereas blood or serum mixed with
sulphanilamide had a definite bacteriostatic and
bactericidal power. They also showed that the
streptococcus could grow in deleucocyted blood in

f vitro at the same rate for the first four hours
whether sulphanilamide was present or not; after-
wards there was no further increase in the number of
organisms in the sulphanilamide specimen but the

cocei/
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cocei continued to multiply in the control. In
the whole blood there was a similar initial increase
in numbers after which the count fell until the
blood became sterile.

These properties are different from those
of the ordinary antiseptics which kill microbes
well in water, less well in serum and are even less
effective in blood. As shown by Buttle et al
with sulphanilamide the reverse effect is the ease.
Nitti and Bovet (1937) confirm these results with
both the streptococcus and the pneumococcus, though
it is known that sulphanilamide gives very poor
chemotherapeutic results in animals experiments
with the pneumococcus as the infecting organism.
Nitti and Bovet (1937) also showed thet the growth
of staphylococci, Bacillus Coli and Bacillus Typhi
murium (Bacillus Aertrycke) was not influenced by
sulphanilamide but there was some bacteriostatic
action against & Brucella Abortus culture.

Fleming (1938) carried out the most con-
vinecing experiments with the streptococecus and the
pneumocoecus and M. & B. 693. Using whole
blood or deleucocyted blood as the test medium
Fleming showed that the action was bacteriostatic
' and not bacteriocidal at therapeutically obtainedle

concentrations/
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concentrations of the drug and that leucocytes are
necessary for bacterial destruction. He also
showed that the effect of the drug was enhanced by
the addition of specific immune serum to the test
medium.

Studying the mode of action of sulphanil-
amide in experimental streptococcus empyema Gay
and Clark (1937) came to the conclusion that the
bacteriostasis produced by sulphanilamide appeared
to facilitate the normal phagocytosis by the large
mononuclear cells. In confirmation of a direct
bacteriostatic action are the observations of
Whitby (1938) which are to the effect that the cap-
sule of the organisms tends to be damaged in
presence of the compound. (This is doubted by Long
(1939)). It was early noted by Levaditi et al
(1935) that sulphanilamide hed some action on
streptococcal capsules and so favoured natursl
phagoecytosis in the animal body. These results

- there is .
- may be taken as a sign that, some disturbance in the

defence mechanism of the bacteria presumably render- |

ing them more liable to phagoeytic destruction.
With regard to the second main question

| at issue concerning the identity of the really

- active agent, we have already described the experi-

ments/
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experiments of Nitti and Bovet (193%5) which led
them to the conclusion that when the dyestuffs of
the prontosil group were administered to animals
they were reduced to p-aminobenzenesulphonamide

and that this was the really active material.

There seems to be little doubt that they are correct
in considering that in the case of these dyestuffs
a preliminary reduction occurs in the body yielding
sulphanilamide which is known to be active chemo-
therapeutically. However, it may be that
sulphanilamide itself undergoes further change with
the formation of some unknown very highly aetive
derivative. It is worth noting that p-nitro-
benzenesulphonamide is 4 or 5 times as active as
sulphanilemide itself. Mayer (1937) has pre-
pared the intermediate compounds the hydroxylamino-
benzenesulphonamide and the nitrosobenzenesulphon-
amide, end this author is inclined to the view that
the p-hydroxylaminobenzenesulphonamide is formed in
the body from p-aminobenzenesulphonemide or that a
nitrobenzenesulphonamide is formed and it is this
which produced the therapeutic effect. However,
this view cannot be said to be definitely proved.
Even albhough we previously agree that p-amino-
benzenesulphonamide acts directly as a therapeutiec

agent/
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agent it does not necessarily follow that all
active compounds of the group are first converted
into this particular derivative. Indeed the
faet that compounds such as 4-4'dinitrodiphenyl-
sulphone and 4-4' diaminodiphenylsulphone have a
very chemotherapeutic activity seems quite incom-
patible with the view that sulphanilamide is the
only active compound for the conversion of 4-4'di-
aminodiphenylsulphone in the body seems to be ex-
tremely improbable. In the light of facts such
as these it seems probable that chemotherapeutic
action may be a property of a fairly large group

of compounds containing sulphur and the possibility
is not exeluded that even certain azo dyestuffs may
have a direct action as well as that after their
reduction to the simple sulphanilamide. This
may account for the faet brought forward by Domagk
for direct action who stated (1937) that he does
not believe that activation of prontosil is accom-
panied by its reduction to sulphanilamide. Though
he does not offer an alternative explanation Domagk
gives many reasons for his denial of this hypothesis
amongst them the discrepancy between the in vivo
and the in vitro results and the variability of the
action os sulphanilamide and related compounds on

different/
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different animals. The German investigators
have also reported that they consider p-nitro-
benzenesulphonamide representing the highest form
of oxidation of the nitrogen in the para position
to be the active agent. They assume that this
compound is reduced to sulphanilamide in the animal
body.

Whatever criticism may be made of these
numerous claims it is obvious that if the remarkable
specific action of these drugs is to be understood
the question concerning specific stimulation of the
immunity mechanism of the body or of the drug being
identical with specific antibodies has to be ex-

plored
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At the Wellcome Physiological Research
Laboratories, after Dr Buttle's successful work
on the streptococcus, the investigation was ex-
tended by the writer and others to numerous other
organisms, and p-aminobenzenesulphonamide was
found to have a certain antibacterial activity for
the meningococcus, Bacillus Typhosus, Bacillus
Paratyphosus B, Bacillus Aertrycke, the Pneumococcus
and for Friendlander's Pneumobacillus. The
results of this investigation were published in
the Lancet (1937), and the work has been continued
and extended in the Royal College of Physicians'
Laboratory, Edinburgh, and in the Bacteriolgy
Department, University College, Dundee, using
compounds prepared in the Chemistry Department of
the Royal College of Physicians' Laboratory by
Dr Kermack and assistants (Kermack, Spragg &
Tebrich, 1939). The results of the work in
Edinburgh and Dundee forms the material for the
present thesis.

The experiments described in the following
pages fall naturally into two sections, the first

consists/
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consists of a considerable number of experiments
in mice in the course of which the toxicity and the
chemotherapeutic action of 22 compounds have been
determined. The mice whre infected with
strains of the streptococcus, the pneumococcus,
the staphylococcus and Bacillus Aertrycke and the
various compounds were administered under the
conditions described in detail later. Every
compound was not tested on each organism, the gaps
being due chiefly to the small quantities of
certain compounds available. The results of
these experiments are summarised in Table I

(page 47).

The main object of the second group of
experiments has8 been to elucidate the mode of
action of the sulphur containing compounds. A
number of different lines of approach were followed.
The action in vitro of the compounds on the organ-
isms was examined in the hope that when all the
fesults obtained on the four different organisms
and over a considerable range of chemicals, were
examined some relation might be detected between
them and the chemotherapeutic actions in vivo.

The results of the in vitro experiments are shown
in Table II (page 150) and are discussed in
Section IIT.



=24 =

As it seemed unlikely that a simple
direct action of compound on the bacteria was
responsible for the chemotherapeutic activity, it
was thought that if the conditions in the test tube
were made to resemble more closely those of the
body tissues, the compounds might then have a more
pronounced bactericidal effect. Amongst the
obvious experimental factors which could be varied
were the hydrogen ion concentration and the oxida-
tion-reduction potential of the medium. These
observations were therefore carried out with the
object of determining how far the bactericidal
action of p-aminobenzenesulphonamide itself was
influenced by changes of these factors. These
experiments are discussed on pages 236 - 247.

Another possibility is that sulphanilamide
is transformed in the body to some much more active
compound . As mentioned in the introduction it
has been suggested that it may be oxidised to p-
hydroxybenzenesulphonamide, Experiments were
therefore performed to find out whether general
oxidation of p-aminobengzene-sulphonamide in presence |
of the enzymes of liver tissue or in presence of

manganese/
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manganese salts may not transferm it to highly
active products of this kind. These experiments
are described on pages 248 - 250.

The results of the original investigations

are discussed in Seetion III page 251.
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COMPOUNDS INVESTIGATED

p-aminobenzenesulphonamide

NH,~<___ )~ SO,NH,

11.

p-hydroxybenzenesulphonamide

H0~<__ )—SO,NH,

111.

3-nitro 4-hydroxybenzenesulphonamide

NO,

1v.

3-amino 4-hydroxybenzenesulphonamide

e
HO-O——' SO,NH,

p-aminobenzenesulphonamide coupled with

p-hydroxybenzenesulphonamide

0H
NstOQ’Q—N - N—‘O

V1.

p-aminobenzenesulphonamide coupled with

8=hydroxy quinoline

C\/O.N - 8 }-50oNEp
B

N" 0
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V1l. p-aminobenzenesulphonamide coupled with

8-hydroxyquinoline methosulphate

mr{ - 1~ )-~50pNH
/T OH
CE

CH3

S04

V11ll. 4:4'-dinitrodiphenylsulphide

NOQ‘D‘ B §O,

1X. 4:4A"-diaminodiphenylsulphide

L @ @l v

Xe 4:4'-diacetyldiaminodiphenylsulphide

CHzCONE~_)~8~__)— NHCOCH;

X1. A:5=-dinitro-4-hydroxybenzenesulphonamide
NO»

HO“‘<___>_802NH2

NO»

X11. methylquinolylaminobenzenesulphonamide

CHz
NHD_ SO0,NH
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£111. 3-nitro-4-aminobenzenesulphonamide
NO,
NHz—Q—— SO,NH;
X1v. 2-8ulphanilylaminopyridine (M. & B. 693,
Dagenan)
N~ )~50,¥E A
Xv. l:4-di-(p-acetylaminobenzenesulphonyl) -
Piperazine
CHp—@QH
( —s05_)-
QHBCONH-Q— 30— 1 N—S0x__)"NHCOCH;
CHZ_ CHp
XVl. sulphonamidobenzenediazonium chloride
NH,50 YN = N.Cl
XV1l. piperidine-l-piperidino-acridone-3-sulphonate
co 50311
‘:I Ij/ Mdshig
NH
NCSH].O
XV1ill. 4:47-dimethyldiquinolyl-2:2'-sulphide

CH3 CH3
S . (] ]
N N
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X1X. 1l:4-di-(p-aminobenzenesulphonyl)-piperazine

//CHg“-“Cgi‘

NHZQ S0,— N ' N —502@— NH,
\ =
CHp— CH»

XX. ethyl-4-acetylaminobenzenesulphonylpiperazine -
l-carboxylate

CHo— CH2

/ \
CH;CONH S0o— N N— COOEt

CH2"" GH2

XX1l. ethyl-4-aminobenzenesulphonylpiperazine-l-

carboxylate
CH,— CH
2— CH,
7
NH —Dso — 5 N\ N —COOEt
2 2 \\ //
CHp — CHy

XX1l. p-aminobenzenesulphonamide coupled with
p-hydroxyarsonic aecid
A303H2

NH,SO C>~m = N—-O
+805 =
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PART 1 - IN VIVO EXPERIMENTS.
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PROCEDURE

The mouse was selected as a suitable
animal for these experiments. It is a small
animal; easy to handle; and many bacterial organisms
when injected intraperitoneally into mice are
capable under certain conditions of causing the
death of the injected animals within 24 - 48 hours.
Thus, the chemotherapeutic value of various chemical
preparations against a particular organism is
fairly easily assessed. Mice of approximately
20 grams weight were used in these experiments and
each mouse was weighed before injection.

The mouse was held in the supine position
by an assistant who grasgped it firmly by the tail
and the back of the neck while 1 ml. of a suspension -
of organisms was injected intraperitoneally. |
Immediately after the injection of the organisms,

a slender blunt cannula attached to a record syringe;
- was introduced into the animal's mouth and down the

. oesophagus for some distance (see Fig. 1). 1 mls

| of the solution or suspension of the compound under
examination was then injeeted into the alimentary
tract of the animal. As many of these com-

pounds are very quickly eliminated from the animal

body/
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body, in order to keep the required concentration

of the agent in the body, it was necessary to feed
the mice again after 5 or 6 hours and to continue
the feeding daily (or twice daily) until the animals
had completely recovered from the disease (about

one week or shorter if the compound was active) or
a8 long as they survived. If the compound was
extremely active, as in the case of p-aminobenzene-
sulphonamide against the haemolytic streptococcal
infeetion, the treated mice showed few signs of
disease and recovered completely. The control,
untreated animals died of a haemolytie streptococcal
infection within 24 hours.

In each case the course of the disease

was followed for two weeks or longer.
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TOXICITY OF COMPOUNDS UNDER INVESTIGATION

The various compounds under examination
were first tested for their toxicity when adminis-
tered to mice (in definite doses) orally through
the feeding tube. As many of the chemicals
tested were iHEoinhle imimater & suit@ble non-toxie
solvent had first to be obtained, but as, in some
cases, this was not possible, with these compounds,
the drug was administered in the form of a sus-
pension in gum acacia. The chemotherapeutic
doses applied varied according to the toxieity,
but in each case the drug was fed immediately after
the injeetion of organisms. Again frequenecy
of feeding varied according to the reaction of the
animal to the organism and to the drug. Full
details of drug doses are given in the protocols

of the animal experiments.
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TOXICITY TEST
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COMPOUND IT - p-hydroxybenzenesulphonamide
Soluble in water.
DOSE 20 mgs., 40 mgs., 60 mgs., and
80 mgs., each dissolved in 1 ml.
sterile water and fed to 4 mice.
Days after experiment
R 1 2 3
20 mgs. 1.VF VF VF 60mgs. to 1. X

to each of 2.VF VF

VF each of 2e X

4 mice. 3.VF VF VF 4 nmice. 3. VSX
4.YVF VF VF 4. 8 VF VF
40 mgs. 1.8 VF VF 80mgs. to 1. X

to each of 2o VPP

4 mice. B VH TE

4. YF VF

VF each of 20 X
VF 4 mice. 3. X
VF 4, X

VF = Very Fit;

Thus an approximate measure of the toxiecity of this |

S = Sick; VS = Very Sick; X = Deatn

compound is 50 or 60 mgs. A safe dose would be |

from 20 to 30 mgs. and such was employed.
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TABLE OF TOXICITIES OF COMPOUNDS

Compound Name Toxic dose for
Number mouse of 20
nes .
1 p-aminobenzenesulphonamide 80 mgs.
11 p-hydroxybenzenesulphonamide 50-60 mgs.
R i i | 3-nitro-4-hydroxybenzenesulphon-
amide 100 mgs.
1V - 3-amino-4-hydroxybenzenesulphon-
amide 80 mgs.
v p-aminobenzenesulphonamide coupled
with p-hydroxybenzenesulphonamide 20 mgs.
vl p-aminobenzenesulphonamide coupled
with 8-hydroxyquinoline 20 mgs.

) [ p-aminobenzenesulphonamide coupled 100 mgs. |
with 8-hydroxyquinoline methosulphate

V1ll 4.4"-dinitrodiphenylsalphide 100 mgs.
1X 4.4"-diaminodiphenylsulphide 60 mgs.
X | 4.4'-diacetyldiaminodiphenylsulphide 100 mgs.
X1 3+5.dinitro-4-hydroxybenzenesulphon- |
amide 60 mgs.

X1l Methylquinolylbenzenesulphonamide NOT TESTED |
X111 3-nitro-4-aminobenzenesulphonamide 70-80 mgs.

X1V M. & B. 693 (2-sulphanilylamino-

“ipgridine) 100 mgs. |

XV ] 54 di(p-aeetylamiﬂobenzenesulphonyﬂ
piperazine 100 mgs. |
XVl sulphonamidobenzenediazonium |
chloride 20 mgs. |

XV1ll piperidine-l-piperidino-acridone-
3-sulphonate 60 mgs.
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TABLE OF TOXICITIES OF COMPOUNDS (Continued)

Compound Name Toxic dose for
Number mouse of 20
mgs «
Xvlill 4.4'-dimethyldiquinolyl-2-2°
sulphide NOT TESTED
X1X 1.4 di(p-aminobenzenesulphonyl)
piperazine 80 mgs.
XX Ethyl-4-acetylaminobenzenesulphonyl-
piperazine-l-carboxylate 100 mgs.
XX1 Ethyl-4-aminobenzenesulphonyl-
piperazine carboxylate 80 mgs.
XX11 p-aminobenzenesulphonamide coupled

with p-hydroxy-arsonic Acid 60 mgs.



DA -

ORGANISMS

The chief organisms used in this

investigation were as follows:-

A, ﬁ -haemolytie streptococcus
B. Pneumococcus

C. Staphylococcus

D. Bacillus Aertrycke
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The results obtained in these animal
experiments are concisely summarised in Table 1.
This table contains the essential results of a
large number of individual experiments which are
deseribed in greater detail in pages 51 - 147,

Discussion of the results is best
deferred to Section ITI (page 251 ) of the thesis
as comparison can then be made with the results

obtained from the in vitro tests.
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TABLE 1

IN VIVO EXPERIMENTS

Therapeutic Activity for Mice

Compound .H. Strepto- Pneumo- Staphylo- Bacillus
Number coccus coceus coccus., Aertrycke
i\ 3t + to + + to O + ek
11 £ t0 0 + t0 0 £ 400 0

111 ++ 0 0 0

1V 0 0 0 0

' + t0 0 0 0 0

vl £ to 0 2 %to0 0 0

V11 2 tolg L o0 0 0
Vi1l 0 __0: 0 0

1X X t00 %00 0 0

X 0 & 100 + 0

X1 s - 1 to 0 0

X311 0 0 | = =

> Gk 8 ++ to + - = 0

X1V ot = + to X 0

XV ++ - + to X 0

XVl - ftoo 0 - A
XV11 0 X to0 0 0
;XVll; - < 0 -

X1X ++ to + N I t0.0 0

XX 0 - 0 -

o 0 = 0 o
!KEY: +++ = 100 per cent recovery |

e
24
nnu

Approximately 75 per cent recovery
+ = '} 30 n n u
* = Death delayed
0 = No effect

Not tested.
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SECTION A

HAEMOLYTIC STREPTOCOCCUS

Strain sSource

A Scarlet Fever
Mastoid
Tonsillitis
Carbuncle pus
Mastoid
Erysipelas

Pleural Fluid

H 2 =5 =H 9 o o

Pus from scalp



=g

SECTION 4
: /j - HAEMOLYTIC STREPTOCOCCUS

ISOLATION OF STRAINS

Many strains of this organism were em-
ployed; they were isolated from tonsillitis,
pneumonia, erysipelas, mastoid, scarlet fever,
carbuncles and various minor infections.

The organisms were isolated from red blood
agar culture when individual dew-drop colonies,
showing true haemolysis, were picked on to serum
agar slopes.

Haemolytic streptococcal cultures were
sub-cultured once each week,

ESTIMATION OF VIRULENCE

Each new strain, after being isolated
and tested for haemolytic activity, was immediately
examined for its virulence on the mouse.

Mice of 20 - 25 grams were used in all
experiments, and each mouse was weighed and the
weight recorded.

Tenfold dilutions were made from an 18
hour broth culture, either in tubes of the broth
medium or in 5 per cent muecin. With some
strains in order to reduce their animal lethal dose

for/
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for mice it was necessary to suspend them on the
surface of a mucous membrane. Miller and
Castles (1938) found that hog's gastriec mucin was

a highly satisfactory medium in whieh to suspend the
meningococcus for mouse inoculation, and this method
has now been extended to many other organisms.

1 ml. of the bacterial dilution was used
as the inoculum which was injected intraperitoneally
into each mouse. The highest dilution killing
within 24 hours 75 - 100 per cent of the animals
injected was taken as a measure of the virulence
of that particular strain.

All mice dying during the course of the
experiments were examined post mortem. Unless
mentioned otherwise, the organism originally in-
jected was isolated from the heart blood of the

dead animal.
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ANIMAL EXPERIMENTS

A-HAEMOLYTIC STREPTOCOCCUS

COMPOUND 1 p-aminobenzenesulphonamide

DOSE-~ 20 mgs dissolved in 1 ml. water
fed immediately after injection
of culture and later as stated.

STRAIN- Haemolytic Streptococcus A
18 hour slope culture emulsified
with saline and diluted 1 in
1,000 with animal muein 1 ml.

used as inoculum, injected intra-

peritoneally.
EXPERIMENT 1 Days after Injection
e L e
Control mice I X

1l ml. culture only 2 S

3 VF Vsx
4 VYF VSX
Compound mice YE S5 X
Immediately after VF VF VF VF VF VF VF
culture 20mgs
5 hours later20mgs VF VF VF VF VF VF VF
24 " " 20mgs
48 n " 20mgs VF VF VF VF VF VF VF
TR " 20mgs
—_—— —=
VF = Very Fit
S = Sick
5SS = Slightly siek
VS = Very sick
X = Death
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HAEMOLYTIC STREPTOCOCCUS A

COMPOUND 1 p-aminobenzenesulphonamide

DOSE-

STRAIN-

EXPERIMENT 11

- 20 mgs fed immediately
after culture, after 5 hours and
daily for 3 - 4 days.
18 hour culture diluted 1 in 1000
with muein 1 ml. injected intra-
perilbneally.

Days after Experiment

1 2 3 4
Control Mice 10 X
2 Vs
3 S X
4 S VS X
Compound Mice VF VF VF VF
VF VF VF VF
VF VF VF VF survived
indefin-

VF VF VF VF itely.
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HAEMOLYTIC STREPTOCOCCUS STRAIN B - MASTOID

COMPOUND
DOSE -

STRAIN

EXPERIMENT 111

p-aminobenzenesulphonamide

In water. 20 mgs per ml. given

immediately after culture after

5 hours and daily for 3 - 4 days.

18 hour culture diluted 1 in

1000. Dose of 1 ml. with mucin.

Days after Injection

1 auigssif wr ke 55 kol 818
Control Mice 1 VS*
1 ml. Strain B 2 vs¥
23
4 8
5 YES s X
TR X
TYW X
8 VF X
g9 VF Xx
10 VB VB X
Animals fed VF VS X
with compound VF S 3 X
after culture Y VF VR YR YFP UF. YF - YF
VF VF VF VF VF VF VF VF
VF VF VF VF VF VF VF VF
VF VF VF VF VF VF VF VF
VF VF VF VF VF VF VF TF
VF VF VF VF VF VF VF VF
VF VF VF VF VF VF VF VF
VF_VF VF VF_VF VF VF
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From these experimentes activity of
p-aminobenzenesulphonamide against the haemolytic
streptococcus shows almost 100 per cent recovery
of the mice.

HAEMOLYTIC STREPTOCOCCUS

COMPOUND I1  p-hydroxybenzenesulphonamide

DOSE - 10 mgs.per ml. dissolved in water.
Fed immediately after the injection
of culture after 5 hours and if any
survivors daily for 1 week.

STRAIN - Haemolytie Streptococcus A.

1 in 1,000 dilutipn in muein of 18

hour culture. 1 ml. injected

intraperitoneally.
EXPERIMENT 1 Days after Injection
R R R e e
Control Mice 1 X
2 X
3 X
AR
Compound 1 X
Mice 2 X
3 X
=4E




ST
EXPERIMENT 11

COMPOUND T1 Haemolytic Streptococcus C.

18 hour culture emulsified and

diluted 1 in 1,000 with mucin,
DOSE - 1 ml. injected.’x 10 mgs. fed

immediately, after 5 hours and

daily (if survivors).

Days after Experiment

14 2 -3 4
Controls X
L ml. 301 in X
1,000 culture X
X
Compound X
Start 5 hours Vs X
S
S S X

Thus Compound ll has practically no
chemotherapeutic effect on the haemolytic strepto-
cocecus. Perhaps it may slightly delay the death
of the mice fed with it, as compared with the control

mice.



- 56 -

A. HAEMOLYTIC STREPTOCOCCUS
COMPOUND IITI 3 nitro-4-hydroxybensenesulphonamide
dissolved in a weak solution of
gsodium bicarbonate.

DOSE - 20 mgs. in 1 ml. fed immediately
after the culture after 4 hours, and
daily as long as the mice survived.

STRAIN - Haemolytiec Streptococcus B
18 hour culture emulsified and di-
luted 1 in 1,000 in muein 1 ml.used
a8 inoculum.

EXPERIMENT 1 Days after Injection
1 2 3 “ > 6 7 8
Control mice X
culture only. S X
S X
SS S X
Compound VF VF VF VF V¥ VF VF VF
fed daily. e JF YE VF VF VF VF VF
e YR VR N TR V¥ VF TF
2y e Ve VF 'ﬂ’r’= vE__ VF YE _VE

VF = Very Fit

SS = Slightly Sick

S = Sieck

VS = Very Sick

X = Death




EXPERIMENT TI1
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COMPOUND II1 dissolved in Sodium Bicarbonate

DOSE - 20 mgs. in 1 ml. fed immediately after
injection of organisms, after 5 hours
and daily.

STRAIN - Haemolytic Streptococcus B. 18 hour
culture emulsified and diluted 1 in
1,000 in muecin. 1 c¢c used as inoculum.

Days after injection
e s oy L - s e
Control 1 VS¥
Mice 2 VsX
5 B
4 S
K VX
6 VF X
T B L ¢
8 ¥B X
9 VF X
DR 8 S e
Com- 3, 4F X
pound 2 NE X
Mice SAsNE X
ASTEs 8. YR TR YP VB x
5 VF YF VF VF VF VF VF VF VF VF
6 VF VF VF VF VF VF VF VF VF VF
7 VF VF VF VF VF VF VF VF VF VF
8 VF VF VF VF VF VF VF VF VF TVF
9 VF VF VF VF VF VF VF VF VF YVF
— 10 VF VF__VF VF VF VF VF VF VF VF




EXPERIMENT TTT
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COMPOUND TTT
DOSE - 20 mgs. per 1 ml of compound dissol-
ved in sodium bicarbonate fed immed-
iately after culture injection, after
5 hours and daily for 7 - 10 days.
STRAIN - Heemolytie Streptococcus A
(Scarlet fever) 1 ce of 1 in 1,000
dilution in mucin of 18 hour culture
injected intraperitoneally.
Days after Injection
P oREEEs, %3 dcg WS GAR NS
Control 1 X
Mice 2 5. . V3
3 S S
4 S S VS X
Compound 1 VF VF VB COVESC R YR YR
ljce 2 VF VF VF VF TVF VF °TF
BB VR e YE__TF. VE B
L e 2 e WE. - VE " ¥F ' JF. VB
VF = Very Fit
SS = Slightly Sick
S = Sick
VS = Very Sick
X - Death.

From these experiments it was coneluded

that 3-nitro-4-hydroxybenzenesulphonamide has a

definite effect ona fatal dose of the Haemolytiec

Streptococcus in mice.
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A. HAEMOLYTIC STREPTOCOCCUS

COMPOUND IV 3-Amino-4-hydroxybenzenesulphonamide

This compound was found to be insoluble in water,
and thus, a suspension was made in 20 per cent gum
acacia. As the toxicity was found to be low
the dosage was taken as 20 milligrams per ml.

DOSE - Fed immediately after the culture
and after 5 hours. Later daily if
survivors.

STRAIN - Haemolytic Streptococcus D
18 hour culture diluted 1 in 1,000

with muein. 1 ml. injected intra-

peritoneally to each mouse.

EXPERIMENT Days after Injection
1 2 3 4
Control 1 X
Mice 2 X
3 X
4 LS VS X
Compound 1 VS
Mice 2 Vs
3 Vs
4 S S X =
S = Sick
VS = Very Sick
X . Death.

This compound was thus shown to have little
or no effect as a chemotherapeutic sgent against a

haemolytic streptococcus infection of mice.
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HAEMOLYTIC STREPTOCOCCUS

COMPOUND V p-aminobenzenesulphonamide coupled
with p-hydroxybenzenesulphonamide.
Soluble in water.

DOSE - 10 mgs. per ml. in water given immed-
jately after culture and after 5 hours
and 24 hours

STRAIN - Haemolytic Streptocoecus A,

18 hour culture diluted 1 in 1,000
with muein. 1 ml. used as the inoculum.
Days after Injection
Control 1 2 3
Mice 1 8 X
2. B X
3 5 X
4 S X
Compound 1 S X
Mice LA X
7 i S
S S
S = Sick
X = Death

This compound was thus shown to have

little or no effect against a hsemolytic strepto-

coccus of mice.
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A. HAEMOLYTIC STREPTOCOCCUS

COMPOUND VI p-aminobenzenesulphonamide coupled

with 8-hydroxyquinoline.
Very misoluble in water, and thus,
suspended in gum acacia and water.
DOSE - 10 mgs in 1 ml water sdministered
immediately after the culture,
after 5 hours and after 24 hours.
STRAIN - Haemolytie Streptococcus D
18 culture diluted 1 in 1,000 with

muein. 1 ml. injected intraperi-

toneally.
EXPERIMENT 1 Days after Injection
1 2 3 4
Control Mice d: X
Culture Only 2 X
3 X
4 X
Compound Mice 1 X
2 X
3 X
4 SS S X
SS = Slightly Sick
S = Siek
X = Death
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EXPERIMENT 11

COMPOUND VI
DOSE - 10 mgs. immediately after culture
after 5 nours and later is sur-
vivors.
STRAIN - Heemolytic Streptococcus A
18 hour culture diluted 1 in
1,000. 1l ml. used as the
inoculum and injected intra-
peritoneally.
Days after Injection
1 2 3 4
Control Mice 1 X
2 X
3 X
4 X
Compound Mice 1l X
2 X
3 X
4 X

—_———eeee e ———————
Thisccompound has been shown to have

practically no effect against two different strains

of the p Haemolytic Streptococcus.
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A. HAEMOLYTIC STREPTOCOCCUS

COMPOUND VIT

DOSE -

STRAIN -

EXPERIMENT 1

p-aminobenzenesulphonamide coupled

with 8-hydroxyquinolinemethosulphate.

Slightly soluble in water.

10 mgs. in water fed immediately
after the culture after 5 hours
and later if any mice survived.
Heemolytic Streptococcus A
18 hour culture diluted 1 in
1,000 with muein. 1 ml. used as
the inoculium and injected intra-
peritoneally.

Days after Injection

2 3. .4

Control Mice

Compound Mice

X. Death.

ST T I T ST SR S



]
COMPOUND VII
EXPERIMENT TT

DOSE - 10 mgs. in water after culture

after 5 and 24 hours.
STRAIN - Haemolytie Streptococcus D
18 hour:culture diluted 1 in
1000 in muecin. 1l ml., injected
intraperitoneally.
Days after Injection

1 2 3 4
Control Mice 1 X
2 X
3 X
4 X
Compound Mice 15 X
2 X
3 SS X
s 4 SS S £
SS = Slightly Sick
S = Siek
X = Death

This compound has little or no chemo-
therapeutic effect against a virulent strain of

the P-E&emolytic Streptococcus in a mouse infection.



=65 -
A. HAEMOLYTIC STREPTOCOCCUS

COMPOUND VIII 4.4'-dinitrodiphenylsulphide

Insoluble in water and thus suspended
in 20 per cent gum acacia and water
solution.

DOSE - 10 - 20 mgs. suspended in 1 ml.
of liquid fed immediately after
the injection of the culture,
after 5 hours and after 24 hours.

STRAIN - Haemolytiec Streptococcus A
18 hour culture emulsified and
diluted 1 in 1,000 with mucin.

1 ml. injected intraperitoneally.

EXPERIMENT 1 Days after Injection
1 2 3 4
Control Mice i} S X
2 S X
3 VF VS x
4 VF VS X
Compound. Mice 2l VF X
2 VF X
3 VF Vsx
VS¥
e — —_— ]
VF = Very Fit
SS = Slightly Sick
S = Siek
VS = Very Sick
X = Death
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COMPOUND VIIT

EXPERIMENT TI

DOSE - 10 mgs. suspended in 1 ml.
water fed immediately after
culture and after 5 hours.

STRAIN - Haemolytiec Streptococcus E

18 hour culture diluted 1 in
1,000 with muein. 1 ml. used
as the inoculum and injected
intraperitoneally.

Days after Injection

15 2 3
Control Mice 1l X
2 X
3 X
4 X
Compound Mice 1 X
2 X
5 X
4 X

S T T T T T T

This compound has no chemotherapeutiec
effect against two strains of the B-Haemolytic

Streptococcus.
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A. HAEMOLYTIC STREPTOCOCCUS

COMPOUND IX

DOSE -

STRAIN -

EXPERIMENT 1

- 4.4" diaminodiphenylsulphide

dissolved in a weak solution of
lactic acid and the solution neutral-
ised with sodium bicarbonate. The
sulphide is reprecipitated in a very
fine form.

10 - 20 mgs. in 1 ml. of liquid

fed immediately after the culture,
after 5 hours, and after 24 hours.
Haemolytic Streptococcus A.

18 hour culture diluted 1 in 1,000
with mucin. i ml. used as inoculum
and injected intraperitoneally.

Days after Injection

2 o3 A

Control Mice

X
X

Compound Mice

H A d@Fd @@l
= = I =
SV

VF = Very Fit
SS = Slightly Sieck
S = Sick

VS = Very Sick
X = Death



COMPOUND IX

EXPERIMENT T1

DOSE -

STRAIN -

o~ BB

10 mgs. in 1 ml. reprecipitated
from dilute lactic acid. Fed
immediately after culture and
after 5 hours.

Haemolytie Streptococcus A

18 hour culture emulsified

with saline and diluted 1 in
1,000 with muecin. 1l ml. in-
jected intraperitoneally.

Days after Injection

1 2 3 4
Control Mice X X
2 X
3 X
4 X
Compound Mice 1 X
2 X
3 X
4 X

11

From these experiments it is clear that

this compound, 4.4'diaminodiphenylsulphide has no

chemotherapeutic effect on haemolytic streptococcal

infections in mice.
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A, HAEMOLYTIC STREPTOCOCCUS

COMPOUND X Diacetyldiaminodiphenylsulphide

DOSE - 10 - 20 mgs. fed in a 20 per
cent suspension of gum acacia
and water, immediately after the
culture, after 5 and 24 hours.
STRAIN - Haemolytic Streptococcus D
18 hour culture emulsified and
diluted 1 in 1,000 with mucin.
1l ml. injected intraperitoneally.

Days after Injection

1 2 3 4

Control Mice 1 X

2 X

3 X

4 VS VS X
Compound Mice Y Vs X

2 S X

Fiaes X

4 VF 3 X

VF = Very Fit
S8 = Shightly Sick

S = Sick
VS = Very Sick
X = Death

This compound has little or no effect on
the haemolytic streptococcal septicaemia of the

mouse.
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A. HAEMOLYTIC STREPTOCOCCUS
COMPOUND XI 3.5 dinitro-4-hydroxybensenesulphon-
amide.
Soluble in Sodium Bicarbonate.
DOSE - 10 mgs. in 1 ml. dissolved in dilute
HaHCOB fed immediately after the
culture injection, after 5 hours, 24
hours and daily as long as the mice
survived.
STRAIN - Haemolytic Streptococcus A
18 hour culture diluted 1 in 1,000
with mucin. 1 ml. used as the
inoculum and injected intraperitoneally.
Days after Injection
1 2 3 4 ) 6 7
Control 1icé S VS X
Mice 2 8 S X
3 S S S ) S X
Compound. 1l YE VR X
Mice 2 YFE ¥YF¢ TVF S8 S X
= S\ SVE ¥R ONE O, VE. TR NE - YK
VF = Very Fit
SS = Slightly Sick
S = Sick
VS = Very Sick
X = Death

This compound has a slight death retarding

effect on a fatal dose of the haemolytic strepto-

coccus in mice.
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A, HAEMOLYTIC STREPTOCOCCUS

COMPOUND XIT Methylgquinolylbenzenesulphonamide

Insoluble in water. A dilute solu-
tion in lactic acid employed.

DOSE =~ 10 mgs. per ml. employed as test
dose administered immediately after
culture after 5 and 24 hours.

STRAIN - Haemolytic Streptococcus F
18 hour culture diluted 1 in 1,000
with muein. 1 ml. injected intra-
peritoneally.

Days after Injection

1 2 3 4

Control Mice 1 X

2 wg*

N

4 vs*
Compound Mice 1 X

2 X

3 ¥

4 vs*

VS = Very Sick
X = Death

This compound has no chemotherapeutic effwf

on Q
/ haemolytic streptococcal septicaemia in mice.
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A. HAEMOLYTIC STREPTOCOCCUS

COMPOUND XTIT 3-nitro-4-aminobenzenesulphonamide

ingoluble in water, and therefore fed
in a 20 per cent suspension of gum
acacia and water.

DOSE - 30 mgs. in 1 ml, liquid fed immed-
iately after the culture, after 5
hours, 24 hours, %0 hours and daily
as long as the mice survived.

STRAIN - Haemolytiec Streptococcus G
18 hour culture dilutedlin 1,000

with muecin. 1l ml. injected intra-

peritoneally.
EXPERIMERT 1 Days after Injection
1 2 2 4 p)
Control Mice 1 X
2 X
3 X
4 X
Compound 4 X
Mice 2 X
X
YROSYR YE ¥E VEF

VF « Very Fit
X = Death

Examination at post-mortem showed that
all the deaths were due to the haemolytic strep-

tococcus.
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COMPOUND XTIT  3-nitro-4-aminobenzenesulphonamide

EXPERIMENT TTI

DOSE - as in Experiment 1
STRAIN - Haemolytic Streptococcus H

18 hour culture diluted 1 in

1,000 with muecin.

as the inoculum.

1l ml. used

Days after Injection

1 2 3 4 5 6
Control Mice 1 X
2 X
3 X
4 X
Compound Mice 1 VF VF VF VF VF VF
2 VF Vi v V¥ VF VF
3 VF VF VF VF VF VF
4 VF VF VF VF VF VF

VF = Very Fit
X = Death

One of the four compound mice died after

15 days, another after 22 days.

The post-mortem

examination revealed haemolytic streptococei in the

heart blood of both mice.

mice were killed after 1 month.

The two surviving

At post-mortem

examination both seemed perfectly healthy and it was

not possible to isolate haemolytic streptococci from

the heart blood.
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COMPOUND X111 3-nitro-4-aminobenzenesulphonamide

EXPERIMENT IIT

DOSE - 30 mgs. in 1 ml. liquid twice
daily for 2 days and once daily
for 1 week.

STRAIN - Haemolytic Streptococcus G
18 hour culture diluted 1 in
1,000 with muecin. 1 ml. injected
intraperitoneally.

Days after Injection

1 2 3 s P, B T

Control Mice 1 X
2 X
3 Vs X
4 VS X
Compound 1 VF VF VF VF VF VS8 (killeq) 5
Mice 2 vV# VF VF VF VF TF
% Y VW ¥E YR Ve TR
4 VF _VF V¥ VF VF VF
®

Killed as suffering from severe paralysis of the
hind legs.
The other three mice were kept for ome
month at the end of which time they were found to be
perfecetly healthy when killed and examined at post-

mortem. ]
This compound, 3-nitro-4-aminobenzene-

Sulphonamide, has a definite curative action on the

haemolytic streptococcal septicaemia of the mouse.
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A, HAEMOLYTIC STREPTOCOCCUS

COMPOUND X1V 2-sulphanilylaminopyridine or

M. &. B. 693.
This compound was found to be very
slightly soluble in water. It had,
however, to be fed to the mice in a
suspension in 20 per cent gum acacia
and water.

DOSE - 20 mgs. twice daily for two days
and then daily for 1 week.

STRAIN - Haemolytiec Streptococcus G
18 hour culture diluted 1 in 1,000
with muein. 1l ml. used as the

inoculum which was injected intra-

peritoneally.
EXPERIMENT 1 Days after Injection
1 2 3 4 5 6x 7
Control Mice 1 X
2 X
Bk
4 X
Compound 1l VF Y- NE. NE VF VF VP
Mice 2. YR VB YR CVE O ¥R ¥R
3 ¥F WP YF VB YE - VE _WEF
4 yr VP VB __VE VF VP VP

VF = Very Fit
X = Death
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COMPOUND X1V 2-sulphanilylaminopyridine

EXPERIMENT 11

DOSE - As in Experiment 1

STRAIN - Haemolytic Streptococcus H
18 hour culture diluted 1 in
1,000 with muecin. 1 ml.
used as the inoculum and in-

_Jected intraperitoneally.

1 2 3 4 5 6 7
Control Mice 1 X
2 K
20 X
4 X
Compound 1 VP YVEF YF VTP XX
Mice 2 VF VF VF VF VF VF VF
Y°¢ VB YE VE YE VF VF
YE. V& VP VE V¥ VB __TF
VF = Very Fit % Death from gkxrxi®E haemo-
X = Death lytic streptococcal infection.

2-sulphanilylaminopyridine is very active
against mouse haemolytic streptococcal septicaemia.
Its activity may be compared to that of p-amino-

benzenesulphonamide.
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A, HAEMOLYTIC STREPTOCOCCUS

COMPOUND XV 1:4 di(p-acetylaminobenzenesulphonyl)
piperazine.

Insoluble in water and was adminis-
tered to the mice in the form of a
suspension with 20 per cent gum
acacia.and water.

DOSE - 30 mgs. suspended in 1 ml. of
liquid fed immediately after the
culture, after 5 hours, 24 hours,
and daily for 1 week.

STRAIN - Haemolytic Streptococcus G.
18 hour culture emulsified and
diluted 1 in 1,000 with muecin.

1 ml. used as the inoculum.

EXPERIMENT 1 Days after Injection
Control Mice 1 2 3 4 5 6 7
) G
2 X
L
4 X
Compound 1 VF TVF VP VF VP VP
Mice 2. Sy NR V*# VF VF VF

YE (TEyRO L R - YR Sy Uk

== = =

AR | NRATYR OO YR YR VP

W
One mouse died after 14 days from a

chronic haemolytic streptococcal infection.
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COMPOUND XV 1l:44i(p-acetylaminobenzenesulphonyl)
piperazine.

DOSE - as in Experiment 1.
STRAIN - Haemolytic Streptococcus H

18 hour culture diluted 1 in
1,000 with muein. 1l ml. used as

the inoculum and injected intra-

peritoneally.
EXPERIMENT TT1 Days after Injection
Control Mice 1 2 3 4 5 6 il
I X
2 X
z I
4 X
Compound Y VR Rt ¥R VR . VR 4k
Mice 2 VF VF VF VF VF VF
2% Y YE VE NE OVE VB VE
Ay YB_VF VF _VYE Y¥YFE VF _VF

Very Fit

VF
X Death

At post-mortem examination the mouse
dying on the sixth day was found to have haemolytiec
streptococeci in its heart blood.

This compound, 1l:4 di(p-acetylamino-
benzenesulphonyl) piperazine, certainly has some
effect against mouse haemolytic streptococecal
septicaemia though it may only be a death delaying

effect.
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A. HAEMOLYTIC STREPTOCOCCUS

COMPOUND XVII  Piperidine-l-piperidino-acridone-3-
sulphonate.

DOSE - Very soluble in water. 20 mgs.
in 1 ml. fed immediately after
the culture injection and after
5 and 24 hours.

STRAIN - Haemolytic Streptococcus H.

18 hour culture emulsified and
diluted 1 in..1,000 with mucin.
1l ml. used as the inoculum and
injected intraperitoneally.

Days after Injection

4 3

Control Mice

IHHHHHHHHH

1
2
3
4
Compound Mice 1
2
3
4

e
——

X = Death

Compound XVII has no effect on a mouse

haemolytic streptococcal septicaemia.
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A, HAEMOLYTIC STREPTOCOCCUS

COMPOUND XIX 1:4 di(p-aminobenzenesulphonyl)
piperazine.

DOSE - Suspended iﬁ a 20 per cent gum
acacia and water solution. 20 mgs.
in 1 ml. fed immediately after the
culture injection, after 5 hours,

18 hours, 24 hours and daily for 1
week.

STRAIN - Haemolytie Streptococcus H.

18 hour culture emulsified and
diluted 1 in 1,000 with muecin. 1 ml.

injected intraperitoneally.

EXPERIMENT 1 Days after Injection
Tt O e A BED NG T B Gt S D
Control e ¢
Mice 2 X
Z i
4 X
Compound 1. ¥ NE X
Mice 2 VF VF VF VF X
2R VP YR OVE YE VR VE FFVENE
4 VF _VF VF VF VF VF VF VF VF VF
VF = Very Fit
X = Death
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COMPOUND XIX

EXPERIMENT TI

DOSE - a8 in Experiment 1.
STRAIN - as in Experiment 1.

Days after Injection

I 20 % il LSl e a8, 9, 10
Control 1 X
Mice 2 K
5 K
4 X
Compound 1 X
Mice 2 VF VF VF VF X
VF VF VF VF VF VF VF VF VF VF
VF _VE VE VP VF VF VF VF VP VF

VF = Very Fit
X = Death

Compound X1X has a definite antistrepto-

coceal action in a mouse infection.
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A. HAEMOLYTIC STREPTOCOCCUS

COMPOUND XX Ethyl-4-acetylaminobenzenesulphonyl-
piperazine-l-carboxylate.

DOSE - Insoduble in water. Fed in a
20 per cent gum acacia water
golution. 20 mgs. in 1 ml.
immediately after the culture
and after 5 hours.

STRAIN - Haemolytic Streptococcus H.
18 hour culture diluted 1 in
1,000 with muecin. 1 ml.
injected intraperitoneally.

Days after Injection

2 3 4

ControlMice

L T o T o B B | T R o T

1

2

3

4

Compound Mice 1
2

3

_ 4

X = Death

Compound XX has no effect on a mouse

haemolytic streptococcal septicaemia.
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HAEMOLYTIC STREPTOCOCCUS

COMPOUND XXT

DOSE -

STRAIN -

Ethyl-4-aminobenzenesulphonyl-
piperazine-l-carboxylate.

Insoluble in water and thus fed

in a gum acacia water suspension.

20 mgs. in 1 ml. fed immediately
after the culture and after 5 hours.
Haemolytic Streptococcus H.

18 hour culture diluted 1 in 1,000
with muein. 1 ml, injected intra-
peritoneally.

Days after Injection

1 2 7
Control Mice 1 X
2 X
3 X
4 X
Compound & X
Mice 2 X
3 X
= X"""”""‘“
X = Death

Compound XX1 has no curative effect on

a mouse haemolytic streﬁ%ococcal septicaemia.
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SECTION IT1

Part 1 - In Vivo Experiments

B. PNEUMOCOCCUS

ISOLATION OF STRAINS

The strains used in this investigation
were obtained from various sources. One milli-
litre of the material was injected intraperitoneally
into a mouse of approximately 20 grams weight .
If a sufficiently great number of organisms were
present, the mouse died within 18 - 24 hours. At
the post-mortem examination, the peritoneal cavity
showed the typical picture of a pneumococcal peri-
tonitis. The turbid exudate, which on micro-
scopic examination showed numerous capsulated coccal
pairs, was used to type the organism.

The cultures were isolated in red blood
agar, from which media they were subcultured on to
serum agar slope tubes. The various strains

were stored on these tubes, and they were subecultured

once every week.



- 85 -

B. PNEUMOCOCCUS SOURCE
Strain X Type I1 Pleural Effusion
Strain Y Type II 6055 8

Strain Z Type I1 Sputum

Strain P Group 1V Sputum

Strain Q Type 1 Blood Stream
Strain R Group IV Sputum
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VIRULENCE TESTS

Virulence testsiwere carried out on
the various strains of the pneumococcus. Di-
lutions were made in sterile saline and 1 ml. was
used as the inoculum, and injected intraperitoneally.
With each strain, the highest dilution
killing 100 per cent of the mice within 18 - 24

hours, was used as a measure of virulence.



COMPOUND I

EXPERIMENT 1

DOSE -

STRAIN =

B.
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PNEUMOCOCCUS

p-aminobenzenesulphonamide

20 mga. used as the test dose.
Fed to the mice immediately after
the injection of the culture,
after 5 hours, and twice daily as
long as the mice survived.
Pneumococcus Z (Type zi)
18 hour culture on serum agar
emulsified and diluted 1 in 1,000
with sterile saline. 1 ml. used
as inoculum and injected intra-
peritoneally.

Days after Injection

3 4 5

Control Mice

Compound T

Mice

e =

wunn

Sick
Death

Very Fit
Very Sick

;é i :i ;g L T o T - T o T L
P4

YE _VF X

== = I = O
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B PNEUMOCOCCUS

COMPOUND T p-aminobenzenesulphonamide

EXPERIMENT IT

DOSE - As in experiment 1.
STRAIN - Pneumococcus (Type II) Z.

diluted as in Experiment 1.

Days after Injection

i 2 3 4

Control Mice 5 S X
2 S X
z ¥B X
4 TF X
Compoubd Mice 1 VF VF X
2 VF V¥ X
3 . ¥F VF X
4 v¥ JE e
VF = Very Fit
S = Sick
X = Death

These experiments show that p-aminobenzene-
sulphonamide has some slight effect on a mouse
pneumococcal peritonitis. It delays death by
approximately 24 hours, but it does not cure the

animals.
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B. PNEUMOCOCCUS

COMPOUND TIT p-hydroxybenzenesulphonamide
DOSE - Soluble in water. Solution con-

taining 20 mgs. per ml. made up.
1 ml. fed immediately after the
culture injection, after 5 hours
angd twice daily as long as the mice
survived.

STRAIN =- Pneumococcus Y (Type IT)
18 hour culture diluted 1 in 1,000
with sterile saline. 1 ml.
injected intraperitoneally.

Days after Injection

LNt R VB Bl 1T
Control Mice 1 X
2 S
3 8
4 S5 88 88 X
Compound 1 VF X
Mice 2 éF yE AR X
ve. YR YR S X
Y¢ _VE YF TVYE VB YE YE
VF = Very Fit VS = Very Sick
S8 = Slightly Siek X = Death
S = Sick

This compound, p-hydroxybenzenesulphon-
amide, has a slight death delaying effect on mouse

pneumococcal peritonitise.



COMPOUND TIT

DOSE -

STRAIN -

EXPERIMENT 1
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PNEUMOCOCCUS

3-nitro-4-hydroxybenzenesulphon-

amide.
Insoluble in water but soluble
in sodium bicarbonate. Fed in
the form of a weak solution with
sodium bicarbonate. 20 mgs. per
ml. used as the test dose fed
immediately after the culture
injection,after 5 hours, 24 hours
and daily.
Pneumococcus P (Group IV)
18 hour slope culture emulsified
with saline and diluted 1 in
1,000 1 ml. used as the inoculum
and injected intraperitoneally.

Days after Injection

1 2 3 4 5
Control Mice VF S
S X
S X
S8 X

SS VS X
VF S5 S X

Compound Mice

1993 33F 349434

5SS
VF VS

=~
w W
MM M
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COMPOUND ITT 3-nitro-4-hydroxybenzenesulphon-

EXPERIMENT TT

DOSE~
STRAIN -

amide.

as in Experiment 1
Pneumococcus X

18 hour culture diluted 1
in 1,000 with saline. 1 ml.
injected intraperitoneally.

Days after Injection

1 2 3 4 2
Control Mice i SS X
2 SS S X
3 S5 S S5 X
Compound Mice 1 SS VF VF X
2 5SS VF S X
el v B VF ye__VE VF =

VF = Very Fit

SS = Slightly Sick
S = Sick

VS = Very Sick

X = Death

This compound 3-nitro-4-hydroxybenzene-

sulphonamide has little effect on mouse pneumococcal

peritonitis.
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B. PNEUMOCOCCUS

COMPOUND IV  3-amino-4-hydroxybenzenesulphonamide

DOSE - 20 mgs. in 1 ml. of a 20 per
cent gum acacia and water sus-
pension fed immediately after
the injection of culture, after
5 hours and 24 hours.

STRAIN - Pneumococcus X
18 hour culture emulsified and
diluted 1 in 1,000 with saline.

1 ml. used as the inoeulum and

injected intraperitoneally.

EXPERIMENT 1 Days after Injection
1 2 3 4 5
Control Mice 1 S9 S X
2 VF S S tne
3 VF S VF VF VF
Compound Mice 1 Vs X
2 Vs VS X
X, 3 S S S S X
VF = Very Fit
S8 = Slightly Sick
S = Sick
VS = Very Sick

X & Death
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COMPOUND IV 3-amino-4-hydroxybenzenesulphonamide

EXPERIMENT TT

DOSE - Pneumococcus X
18 hour culture emulsified and
diluted 1 in 1,000 with saline.
1l ml. injected intraperitoneally.

Days after Injection

i 2 3 4
Control Mice 1 S X
2 SS S X
3 5SS SS X
Compound Mice 1t SS S X
2 SS VF S X
3 SS VF VF YE..
VF = Very Fit
9SS = Slightly Sick
S = Sick
VS = Very Sick
X = Death

3-amino4-4hydroxybenzenesulphonamide
has little or no effect on mouse pneumococcal

peritonitis.
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B. PNEUMOCOCCUS

COMPOUND V  p-aminobenzenesulphonamide coupled
with p-hydroxybenzenesulphonamide.

DOSE - This compound is slightly soluble
in water. 5 mgs., per milli-
litre was fed immediately after
the culture, after 5 hours and
24 hours.

STRAIN - Pneumococcus 2
18 hour culture diluted 1 in 100
with saline. 1 ml. injected
intraperitoneally.

Days after Injection

1 2 3 <

Control Mice A5 S

2 S X

3 VF X

4 VF X
Compound Mice 1k VF X

2 VF X

3 VF vsX

4 VF S X 118y
VF = Very Fit
S = Sick
VS = Very Sick
X = Death

Compound E has little or no effect on a

mouse pneumococcal peritonitis.



COMPOUND VI

EXPERIMENT 1

DOSE -

STRAIN -

..95..

p-aminobenzenesulphonamide coupled
with 8-hydroxygquinoline.

Insoluble in water and thus
suspended in a 20 per cent solution
with gum acacia and water. 5 mgs.
fed immediately after the culture
after 5 hours and 24 hours.
Pneumococcus Z

18 hour culture emulsified and
diluted 1 in 100 with sterile
saline. 1l ml. injected intra-
peritoneally.

Days after Injection

d 2 5 4
Control Mice 1 VF X
2 VF X
3 VF VS
4 VF VS
Compound Mice 1 VF X
2 VF Vs
5 VF S
4 VF VF X
VF = Very Fit
S = Sick
VS = Very Sick
X = Death
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COMPOUND VI  p-aminobenzemnesulphonamide coupled
EXPERIMENT 11%ith 8-hydroxyquinoline.

DOSE - as in Experiment 1.

STRAIN - Pneumococecus 2
18 hour culture emulsified,
and diluted 1 in 100 with
saline. 1 ml. injected
intraperitoneally.

Days after Injection

1 2 3 4
Control Mice 1 S X
2 S X
3 VF X
4 VF X
Compound Mice i X VF X
2 VF X
3 VF X
VF X
= Very Fit
S = Sick
X = Death

Compound VI, p-aminobenzenesulphonamide
coupled with 8-hydroxyquinoline, has no effect on

mouse pneumococcal peritonitis.
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COMPOUND V11 p-aminobenzenesulphonamide coupled
with 8-hydroxyquinolinemethosulphate.

DOSE - This compound was found to be
slightly soluble in water. The
dose fed to the mice was 5 mgs.
in 1 ml. of water immediately
after the culture, after 5 hours
and after 24 hours.

STRAIN - Pneumococcus Z
18 hour culture emulsified and
diluted 1 in 100 with sterile

saline. 1 ml. injected

intraperitoneally.
EXPERIMENT 1 Days after Injection
1 2 3 4
Control Mice i VF X
2 VF X
4 VF X
4 VE X
Compound Mice 1 VF sx
2 VF S5
3 VF VF
4 YR VR
VF = Very Fit
5SS = Slightly Sick
S = Sick
X = Death
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COMPOUND VIT

EXPERIMENT T1

DOSE - As in Experiment 1.
STRAIN - Pneumococecus strain P.

18 hour culture emulsified and
diluted 1 in 10 with saline.
1 ml. injected intraperitoneally.

Days after Injection

1 2 3 4
Control Mice il X
2 X
3 X
4 S X
Compound Mice 4l S X
2 S8 S
3 VF S
4 VF S X
VF = Very Fit
98 = Slightly Sick
S = Siek
= Death

This compound, p-aminobenzenesulphonamide
coupled with 8-hydroxyquinolinemethosulphate has

little or no effect on mouse pneumococcal peritonitis.
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B+ PNEUMOCOCCUS

COMPOUND V11l 4.4' dinitrodiphenylsulphide

DOSE - As this compound was found to be
insoluble in water it was fed to
the mice in the form of a 20 per
cent suspension with gum acacisa
and water. 20 mgs. were fed immed-
iately after the culture, after 5
hours and 24 hours.

STRAIN - Pneumococcus X
18 hours culture emulsified and
diluted 1 in 100 with sterile
saline. 1l ml. injected intra-
peritoneally.
Days after Injection
1 2 5 4
Control Mice 1 VF

2 VF X

3 p

4 VF X

5 VF X

6 __VF X
Compound Mice 1 VF X

2 ¥P® X

5 VB X
VF= Very fit 4 VF Vs 5
VS= Very sick
L= Death 5 = IF Vs X

6___VF VS X

This compound, 4.4'dinitrodiphenylsulphide has no



COMPOUND IX

DOSE -

STRAIN -

EXPERIMENT 1
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B. PNEUMOCOCCUS

Diaminodiphenylsulphide.
This compound was found to be
slightly soluble in dilute acid.
A dilute solution was made with
lactic acid. 10 mgs. in 1 ml.
were fed immediately after the in-
jeetion of the culture, after 5
hours-and 24 hours.
Pneumococcus Z
18 hour culture emulsified and
diluted 1 in 100. 1l ml. injected
intraperitoneally.

Days after Injection

1 2 3 4

Control Mice

VS

Compound Mice

=

B W O W D
= b
<
%

VF
VS

Very Fit
Siek

Very Sick.
Death
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COMPOUND IX

EXPERIMENT IT

DOSE - As in Experiment 1.

STRAIN - Pneumococcus Z.
18 hour culture diluted 1 in
100 with saline. 1 ml.
injected intraperitoneally.

Days after Injection

1 2 3 4
Control Mice g ¢ VE X
2 VF X
3 VF X
4 VF X
Compound Mice Sl VF X
2 VF S
5 VF S
4 VF VF = = premmcty
VF = Very Fit
S = Sick
X = Death

This compound has little or no effect on
mouse pneumococcal peritonitis. It may delay

death by some hours.



COMPOUND X

DOSE -

STRAIN -
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B. PNEUMOCOCCUS

Diacetyldiaminodiphenylsulphide.
Insoluble in water and thus fed in
a 20 per cent gum acacia and water
suspension. 20 mgs. fed immed-
iately after the culture injection
after 5 hours and after 24 hours.
Pneumococcus Y

18 hour culture emulsified and
diluted 1 in 100 with saline. 1 ml.
injected intraperitonesally.

Days after Injection

il 2 3 - p)

Control Mice 1 B 4

2 S

% 3 X

4 _SS S X
Compound L X
Mice 2 X

3 VF S ') X

: 4 VF VF VF VF

Very Fit

Slightly Sick

Sick

Very Sick

Death

This compound, diacetyldiaminodiphenyl-

sulphide may have a slight death delaying action on

mouse pneumococcal peritonitis.
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B. PNEUMOCOCCUS

COMPOUND XII Methylquinolylbenzenesulphonamide

DOSE - Dilute solution made up with
lactic acid. 10 mgs. fed in
1 ml. immediately after the
culture injection, after 5 hours
and after 24 hours.

STRAIN - Pneumococcus Y
18 hour culture emulsified and
diluted 1 in 100 with saline.
1 ml. injected intraperitoneally.

Days after Injection

Control Mice 1 2 3 4
i1 X
2 ¥
% vsX
4 VF VF VF
Compound 1 X
Mice 2 X
3 VSX
4 SS _VF VF VF )
VF = Very Fit
SS = Slightly Sick
S = Sick
VS = Very Sick
X = Death

This compound, methylquinolylbenzenesulphon-
amide has no effeet on mouse pneumococcal peri-

tonitis.



COMPOUND XV1

DOSE =

STRAIN -

B.
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PNEUMOCOCCUS

Sulphonamidobenzenediazoniumehloride

This compound was found to be
very toxic and thus 10 mgs. was
taken as the maximum dose. As
this compound is very unstable,
the solution of it was prepared
immediately before the mice were
injected. 1 ml. equivalent to

5 - 10 mgs. was fed after the
culture, after 5 hours and 24
hours and daily if the mice sur-
vived.

Pneumococcus Z.

18 hour culture emulsified and
diluted 1 in 100 with saline.

1 ml. injected intraperitoneally.

Days after Injection

1 2 3 4

Control Mice 1 S X

2 S X

3 SS VSX

4 SS9 VSx
Compound Mice 1 VF VF X

2 VF VF X
VFz Very Fit
SS= Slightly 3 VF VF X
S=Sick (Siek
= VF VF X

Compound X%t , sulphonamidobenzenediazoniumechloride
may have a slight death delaying effect on mouse
DPneumococcal peritonitis.
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COMPOUND XVII  Piperidine-l-piperidino-acridone-
3=-sulphonate.

DOSE - This compound was found to be
very soluble in water and the
toxicity was low. 20 mgs. were
fed in 1 ml. of water immediately
after the injection of the
culture, after 5 houfs and 24
hours.

STRAIN - Pneumococecus Z
18 hour culture diluted 1 in 100.
1 ml. injected intraperitoneally.

Days after Injection

1 2 3 4

Control Mice 1 S X

2 S X

3 VF vSx

4 VF VSx
Compound Mice 1 S VSx

2 S VSx

3 VF S X

4 VF S X
VF = Very Fit
S = Sick
VS = Very Sick
X = Death

Compound XV1l has little or no effect

on mouse pneumococcal septciaemia.



- 106 -

, SEcTION II
Part 1 - In Vivo Experiments

C. STAPHYLOCOCCUS

ISOLATION OF CULTURES

The material obtained was plated on
red blood agar and incubated for 24 hours. The
typical aureus colonies were then examined micro-
scopically, and picked on to agar slopes. The
cultures were stored on agar slopes and were sub-

cultured once every week.

VIRULENCE TESTS

18 hour slope cultures of the isolated
organisms were emulsified with saline and diluted
1l in 10 and 1 in 50 with 5 per cent animal mucin.
If the strain was suitable for use in these exper-
iments, that is, if the organisms killed injected
mice within 24 - 48 hours, a virulence test was

repeated using ten-fold dilutions and the exact
dose killing all mice within 24 hours was ascer-

tained.



& 107 =

SECTION C - STAPHYLOCOCCUS

SOURCE OF CULTURES

Strain M source Osteomyelitis
Strain N source Breast Boil

Strain K source Heart Blood
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STAPHYLOCOCCUS

COMPOUND 1 p-aminobenzenesulphonamide

DOSE -

STRAIN -

EXPERIMENT 1

20 mgs. dissolved in 1 ml. of
water fed immediately after the
culture injection, after 5 hours,
ang@ if any mice survived, after
24 hours.

Staphylococeus N

18 hour culture emulsified and
diluted 1 in 50 with muein. 1 ml.
injected intraperitoneally.

Days after Injection

s 2 3

Control Mice 1 X

2 X

3 X

4 X
Compound Mice 1 X

2 VSx

3 VS X

4 VS

VS = Very Sick
X = Death



= 109 -
COMPOUND T p-aminobenzenesulphonamide

EXPERIMENT IT

DOSE - As in Experiment 1.

STRAIN - Staphylococcus N
18 hour culture emulsified and di-
luted 1 in 100 with muein. 1 ml.
injected intraperitoneally.

Days after Injection

1. 2 3. 4- . 5006 7 B 9 0|
Control 1 X
Mice 2 g « K
LR SR ¢
4 S X
Compound 1 S S X
Mice 2 S 88 SS 88 VF X

3 SS VF VF VF VF VF VF VF

VF X
4 VF VFE VF VF VF VF VF VF VF VF |

VF = Very Fit
SS = Slightly Sick
= Siek
X = Death

From these experiments it may be concluded
that p-aminobenzenesulphonamide has a slight death
delaying action on mouse staphylococcal septicaemia.
However, as at post-mortem examination the organisms
are found in the heart blood and, if the animal hag

lived for some time, numerous staphylococcal absces-

ses are found in the spleen and liver.



COMPOUND 11

DOSE -

STRAIN -
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C. STAPHYLOCOCCUS

p-hydroxybenzenesulphonamide.

As this compound is soluble in water
it was fed in a 0.1l per cent solution.
1 ml. equivalent to 10 mgs. was fed
immediately after the culture after
5 hours and after 24 hours. If the
mice survived daily doses were com-
tinued.

Staphylococcus N.

18 hour culture emulsified and di-
luted 1 in 100, 1 ml. injected
intraperitoneally.

Days after Injection

2 3 4 5
Control 1 X
Mice 2 S
3 SS
4 SS X
Compound 1 X
Mice 2 S X
3 S S5 X
. 4 S VF S8 SS X
V = Very Fit
S8 = Sdightly Sick
S = Sick
X = Death.

p-hydroxybenzene may have a slight death

delaying action on mouse staphylococcal septicaemia.
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C. STAPHYLOCOCCUS

COMPOUND IIT 3-nitro-4-hydroxybenzenesulphon-
amide.

DOSE - Dissolved in sodium bicarbonate
20 mgs. in 1 ml., fed immediately
after the culture injection,
after 5 hours and after 24 hours.

STRAIN - Staphylocuccus M.,

18 hour culture emulsified and
diluted 1 in 50 with muein. 1 ml.

injected intraperitoneally.

Days after Injection

1 2 3 4
Control Mice 1 X
2 X
3 X
4 X
Compound i X
Mice 2 X
3 X
4 X

X « Death
This compound 3-nitro-4-hydroxybenzene-
sulphonamide has no effect on mouse staphylococcal

septicaemia.
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C. STAPHYTLOCOCCUS

COMPOUND IV 3-amino-4-hydroxybenzenesulphon-
amide.
DOSE - 20 mgs. per ml. suspended in 20

per cent gum acacia and water

solution. 20 mgs. fed immediately

after the culture and after 5 hours.
STRAIN - Staphylococcus N

18 hour culture emulsified and

diluted 1 in 50 with mucin. 1 ml.

injected intraperitoneally.

Days after Injection

1 2 3
Control Mice 1 Vs X
2 B X
3 VS X
4 V3 X
Compound 1 S 3y
Mice 2 S X
3 S X
i oy z
S = Sick
VS = Sick
X = Death

This compound, 3-amino-4-hydroxybenzene -
sulphonamide hasmo effect on mouse staphylococcal

setpicaemia.
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C. STAPHYLOCOCCUS

COMPOUND ¥ p-aminobenzenesulphonamide coupled
with p-hydroxybenzenesulphonamide.

DOSE - Dissolved in water. 10 mgs. fed
in 1 ml. immediately after the
culture and after 5 hours.

STRAIN = Staphylococecus M
18 hour culture emulsified and di=-
luted 1 in 50 with muecin 1 ml. in-
jected intraperitoneally.

Days after Injection

1 2 % 4
Control Mice 1 S X
2 S X
3 Vs %
4 8 X
Compound Mice 1 S X
2 S X
% ¥ng X
4 S X
S = Sieck
X = Death

Compound V has no effect on mouse

staphylococcal septicaemia.



COMPOUND VI

DOSE -

STRAIN =

- 114 -
C. STAPHYTLOCOCCUS

p-aminobenzenesulphonamide coupled
with 8-hydroxyquinoline.

10 mgs. in 1 ml. fed in a 20 per
cent gum acacia and water suspension
immediately after the culture in-
jeetion, after 5 hours and 24 hours.
Staphylococecus M

18 hour culture emulsified and
diluted 1 in 100 with muein. 1 ml.
injected intraperitoneally.

Days after Injection

LB 2 3 4

Control Mice 1 VS

2 VS X

3 VS X

& VS X
Compound Mice 1 VS X

2 VS X

3 S VsX

4 S VS X 2 i -We X e
S = Sick
VS = Very Sick
X = Death

This compound has little or no effect

on

mouse staphylococcal septicaemia.



COMPOUND V11

DOSE =

STRAIN -

C.

S5
STAPHYLOCOCCUS

p-aminobenzenesulphonamide coupled
with 8-hydroxyquinoline metho-
sulphate.

Slightly soluble in water and thus
fed in a dose of 10 mgs. per ml.
immediately after the culture in-
jection, after 5 hours and 24 hours.
Staphylococcus M.

18 hour cultureemulsified and
diluted 1 in 100 with mucin. 1oml

injected intraperitoneally.

Days after Injection

2 3 4

Control Mice

Compound Mice

_——

LS T SN R N S =

e

SIS ST I PR U VI Vi

X = Death

Thisceompound has no effect on mouse

staphylococcal setpicaemia.
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C. STAPHYLOCOCCUS

o dd -
COMPOUND V11l Dinitrophenylsulphide

DOSE - Suspension prepared with a 20 per
cent solution of gum acacia and
water. 20 mgs. per ml. and 1 ml.
fed immediately after the culture
injection, after 5 hours and 24
hours.

STRAIN - Staphylococcus N.
18 hour culture emulsified and
diluted 1 in 50 with muein. 1 ml.
injected intraperitoneally.

Days after Injection

5 4

Control Mice 1 VS

)
VS

B4 B M M o

2
3
4 VS
1

Compound Mice

VS

2
Treiys
4

VS = Very Sick
X = Death

This compound has no effect on mouse

staphylococcal septicaemia.
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C. STAPHYLOCOCCUS

COMPOUND TIX Diaminodiphenylsulphide

DOSE - A weak solution of this compound
was made with lactic acid. 10 mgs.
fed in 1 ml. immediately after the
culture injection, after 5 hours and
after 24 hours.

STRAIN - Stephylococcus N.
18 hour culture emulsified and di-
luted 1 in 50 with mucin. 1l ml.
injected intraperitoneally.

Days after Injection

1 oo )
Control Mice 1 S X
2 S X
3 S X
4 S X
Compound lice 1 S X
2 S X
3 S X
e g N L e T e
S =« Sick
X = Death

Diaminophenylsulphide has no effect on

mouse staphylococcal septicaemia.
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C. STAPHYLOCOCCUS

COMPOUND X Diacetyldiaminodiphenylsulphide

DOSE - Insoluble in water and thus fed in the
form in the form of s gum acacia and
water suspension. 20 mgs. in 1 ml,
fed immediately after the culture
injection, after 5 hours asnd after
24 hours.

STRAIN - Staphylococcus N
18 hour culture emulsified and di-
luted 1 in 100 with mucin. 1 ml.

injected intraperitoneally.

EXPERIMENT 1 Days after Injection

e D e A R e T sk L

Mice

1
Control 1 X
S
S

Compound.

2
3
4 S5 X
il

Mice 2 VP VF VF VF VF VF VF VF VF VF VF

VF VF VF VF VF VF VF VF VF

=

3 VF
YF_VF _VF _VF _VF _VF VF VF VF VF VF

= Siek

= Slightly Sick
= Very Fit

= Death
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EAPERIMENT 1 (Continued)

The three treated mice were killed at
the end of one month. At the post-mortem
examination, one was found to have a staphylococcal
abscess in the liver and a staphylococcus culture
was isolated from the heart blood. The two
remaining mice were found to be perfectly healthy
at post-mortem examination. It was not
possible to isolate a staphylococeus culture

either from the heart blood or from the organs.
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COMPOUND X Diacetyldiaminodiphenylsulphide.

EXPERIMENT 11

DOSE = As in Experiment 1
STRAIN - As in Experiment 1.

Days after Injection

R 4 5 6
Control Mice 1 X
2 X
AT
i . .
s ¢
6 X
Compound Mice 1 X
2 VS
2 g
4 S Vs S S X
5  ¥F 3 VF VF VF X
6y WF YVF _ TVF YF VF
VF = Very Fit
S = Sieck
VS = Very Sick
X = Death

Diacetyldiaminodiphenylsulphide has a
death delaying effect on mouse staphylococcal
septicaemia. In some cases it may prevent

death.
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C. STAPHYLOCOCCUS

COMPOUND X1 3-5-dinitro-4-hydroxybenzene sulphon-
amide.

DOSE - Dissolved in sodium bicarbonate
10 mgs. in 1 ml. fed immediately
after the culture injection, after
5 and 24 hours.

STRAIN - Staphylococeccus M
18 hour culture emulsified and
diluted 1 in 100 with muein. 1 ml.
injected intraperitoneally.

Days after Injection

1 2 3 4

Control Mice 1 VS X

e RS X

5 VS X

4 VS X
Compound Mice 1 VS X

25 Wys X

G VS X

e =i== S e wy o VE VF
VF = Very Fit
S = Sick

VS = Very Sick
X = Death

3,5 dinitro-4-hydroxybenzenesulphonamide
may have a slight death delaying action on mouse

staphylococcal septicaemia.



COMPOUND X1V

Coe
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STAPHYLOCOCCUS

DOSE -

STRAIN -

2=sulphgnilylaminopyridine
Insoluble in water and thus fed

in a gum acacia and water suspen-
sion. 20 mgs. fed immediately
after the culture injection, after
5 hours, 24 hours and daily.
Staphylocoecus K

18 hour culture emulsified and
diluted 1 in 100 with muein. 1 ml.
injected intraperitoneally.

Days after Injection

Days after Injection

1 2 3 4 p) 6

Control Mice

X
VS VS S S VF VF
S5 VF VF VF VF VF

Compound Mice

VF
S5

Vs

Sick

B RU U

Death

Very Fit
Slightly Sick

Very Sick

> W N H s W

S VF VF VF VF VF

VF VF VF VF VF VF

VF VF VF VF VF VF
VF

=
=
3
=

VF




COMPOUND XV

DOSE -

STRAIN =

EXPERIMENT 1

~1123 -
C.  STAPHYLOCOCCUS

1:4 di(p-acetylaminobenzenesulphonyl)
piperazine.

Insoluble in water and thus fed in
a gum acacia and water suspension in
a dose of 20 mgs. in 1 ml. immediately
after the culture after 5 hours and
after 24 hours.
Staphylococcus X
18 hour cultured emsulsified and
diluted 1 in 50 with muein.

Days after Injection

2 3

Control Mice

Compound Mice

= = W o
S I S N I (=

<
w




COMPOUND XV

EXPERIMENT 1I.

DOSE -

mice fed daily with 20 mgs.

STRAIN -

- 124 -

As in Experiment 1.

Staphylococcus K

Surviving

18 hour culture emulsified and

diluted 1 in 100 with muecin. ml.
injected intraperitoneally.
Days after Injection
3} 2 3 4 5 6 7
Control Mice 1 X
2 X
3Vs VS VS X
4 3 SS __VF VF V¥ VF VF
Compound 1 VF YE  VF VF VF vy VF
Mice 2 YP VE VF VF VF VF V¥
3VF V¥ VF VE VF VF V¥
4 YF__VF V¥ VF VF VF VF

VF= Very Fit

SS= Siightly Sick
S= Sick

V3= Very Sick
X=-Death

1:4 di(p-acetylaminobenzenesulphonyl

piperazine has a definite death delaying effect on

a mouse staphylococcal infection.
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C. STAPHYLOCOCCUS

COMPOUND XV1 Sulphonamidobenzenediazonium
chloride.

DOSE - 1 ml. of a solution which con-
tained 10 mgs. per ml. was fed
immediately after the culture

injection

STRAIN - Staphylococcus N
18 hour culture emulsified and
diluted 1 in 50 with muein 1 ml.
injected intraperitoneally.
Days after Injection

2 3

Control Mice

Compound Mice

B W N OB W o
[ T S - R T - S - - R - B

—

X = Death

Sulphonamidobenzenediazonium chloride

has no effect on mouse staphylococcal septicaemia.
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C. STAPHYLOCOCCUS

COMPOUND XVI1 Piperidine-l-piperidino-acridone-
3-sulphonate.

DOSE =~ Very soluble in water.
10 mgs. in 1 ml. solution fed
immediately after the culture
injection, after 5 hours and 24
hours.

STRAIN - Staphylococecus N.
18 hour culture emulsified and
diluted 1 in 50 with muein. 1 ml.
Injected intraperitoneally.

Days after Injection

2 3

Control Mice

Compound Mice

M M K KM IK K K XK -

This compound has no effect on mouse

streptococcal septicaemia.
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STAPHYLOCOCCUS

COMPOUND VXII1

DOSE -

STRAIN -

4:47-dimethyldiquinolyl-2:2"~
sulphide.

Insoluble in water and thus fed in
a gum acacia water solution. 10
mgs. fed immediately after the cul-
ture injection, after 5 hours and
24 hours. Daily as long as the
mice survived.

Staphylococecus K

78 hours emulsified and diluted 1
in 100 with mucin. 1 ml. injected

intraperitoneally.

Days after Injection

TP ol 4 5 6
Control Mice X X
2 X
3 ¥R VYE VE VP VF VF
4 Y& _NF YVYF _NVE VF VF
Compound Mice 1 X
2 ¥F yE X
5 yrp. ¥R - TR VF VF

v Very Fit

F =
X = Death

=

o
5 =
=

=

Remaining mice were killed after 10 days

and examined at post-mortem. Staphylococci were

isolated from the heart blood in each case. This

compound has no effect on mouse stephylococcal

septicaemia.
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C. STAPHYLOCOCCUS
COMPOUND XI1X 1:4-di(p-aminobenzenesulphonyl)
piperazine.

DOSE - Insoluble in water. Fed in a gunm
acacia and water suspension in a dose
of 20 mgs. in 1 ml. immediately
after the culture injection and
after 5 hours.

STRAIN - Staphylococcus K.

18 hour culture emulsified and di-
luted 1 in 50 with muein. L mls
injected intraperitoneally.
Days after Injection
1 2 3
Control Mice 1 X
2 X
%5 X
4 X
Compound Mice 1 X
2+ X
3 VS
4 VS

——
= ——

VS = Very Sick
3 = Death

1:4-di(p-aminobenzenesulphonyl )piperazine

has littleor no effect on a mouse staphylococcal

septicaemia.



COMPOUND XX
DOSE =~
STRAIN -
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STAPHYLOCOCCUS

Ethyl-4-acetylaminobenzenesulphonyl-

piperazine-l-carboxylate
Insoluble in water and thus fed
in a gum acacia and water suspen-
gsion in a dose of 20 mgs. per ml.
immediately after the culture in-
jeetion and after 5 hours.
Staphylococcus X.
18 hour culture emulsified and
diluted 1 in 50 with mucin. 1 ml.
injected intraperitoneally.

Days after Injection

1 2 3

Control Mice

Compound Mice

X =Death

A I ST o B © SR G PR A
ST < o I T S S B &

o~

Compound XX has no effect on a mouse

staphylococcal septicaemia.



COMPOUND XX1L

DOSE -

STRAIN -

C.
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STAPHYLOCOCCUS

Ethyl-4-aminobenzenesulphonyl
piperazine-l-carboxylate.

Insoluble in water and thus fed

in a gum acacia and water suspen-
sion. 20 mgs. in 1 ml. fed immed-
iately after the culture and after
5 hours.

Staphylococcus K.

18 hour culture emulsified and di-
luted 1 in 50 with muein. 1 ml.
injected intraperitoneally.

Days after Injection

L 2 3
Control Mice 1 X
2 X
3 X
4 X
Compound Micé L X
2 X
X
4 X

——— e
"

X = Death

Compound XX1 has no effect on a mouse

staphylococcal infection.
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SECTION TT

Part 1 - In Vivo Experiments

D. BACILLUS AERTRYCKE

ISOLATION OF CULTURES

Two cultures only were employed:

1. BACILLUS AERTRYCKE U

was obtained from the Bacteriology De-
partment, Edinburgh University.

11. BACILLUS AERTRYCKE V

was isolated from the spleen of a mouse.

Both cultures gave positive agglutin-
ation tests with specific Aertrycke serum.
The cultures were stored in ordinary

agar slopes and were sub-cultured once every week.

VIRULENCE

Virulence tests were carried out fre-
quently with both cultures. Ten-fold dilutions
were made with sterile saline or with 5 per cent
mucin, and the highest dilution killing 100 per
cent of the injected mice was taken as a measure

of the virulence of that strain.
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D. BACILLUS AERTRYCKE

COMPOUND 1 p-aminobenzenesulphonamide
DOSE - 20 mgs. in 1 ml. water fed immed-

iately after the culture injection
after 5 hours and 24 hours.

STRAIN - Bacillus Aertrycke U
18 hour culture emulsified and
diluted 1 in 5,000, 1 ml. in-

jeceted intraperitoneally.

EXPERIMENT 1 Days after Injection
1 2 3
Control Mice Ty
% yS*
3
4
Compound Mice 1
g S X
5 88 S8
4 SS 5SS X
S5 = Slightly Sick
S = Sick
VS =z Very Sick
X = Death

p-aminobenzenesulphonamide has a slight
death delaying effect on a bacillus aertrycke in-

fection of mice.
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D. BACILLUS AERTRYCKE

COMPOUND 1 p-aminobenzenesulphonamide

EXPERIMENT 11

DOSE - As in Experiment 1. Feeding was
continued twice daily if the mice
survived.

STRAIN - Bacillus Ae@trycke V
18 hour culture emulsified and
diluted 1 in 1,000 with muecin.

1l ml. injected intraperitoneally.

Days after Injection

1 2 25 4 5
Control Mice 1 B ¢
2. K
T
4 X
Compound Mice 1 VF X
2 VB S X
5 TR VF VF S X
4 VF VF F SS VF
VF = Very Fit
S = Sick
38 = Slightly Sick
X = Death

p-aminobenzenesulphonamide has a slight
death delaying effeect on a Bacillus Aertrycke

infection of mice.
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Ds BACILLUS AERTRYCKE
COMPOUND 11 p-hydroxybenzenesulphonamide
DOSE - Soluble in water, 10 mgs. in

1l ml, fed immediately after the

culture injection and after 5 hours.
STRAIN - Bacillus Aertrycke V

18 hour culture emulsified and

diluted 1 in 1,000 with muein. 1 ml.

injected intraperitoneally.

Days after Injection

L 2 3 4
Control Mice 1 X
P T
SR K
4. %
Compound Mice 1 X
2 X
X
X

||

X = Death
p-hydroxybenzenesulphonamide has no

effect on a mouse Bacillus Aertrycke infection.
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D. BACILLUS AERTRYCKE

COMPOUND TTT 3-nitro-4-hydroxybenzenesulphon-
amide '

DOSE - 20 mgs. per ml. fed in a sodium
bicarbonate solution immediately
after the culture injection and
after 5 hours.

STRAIN - Bacillus Aertrycke V
18 hour culture emulsified and
diluted 1 in 1,000 with muecin.

1l ml. injected intraperitoneally.

Days after Injection

2 3 4

Control Mice 1

Compound Mice

Mo W
B4 B4 B4 B4 b4 B4 B B |

X = Death
3-nitro-4-hydroxybenzenesulphonamide

has no effect ona mouse Bacillus Aertrycke in-

feetion.
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D. BACILLUS AERTRYCKE

COMPOUND TV 3-amino-4-hydroxybenzenesulphonamide

DOSE - Suspension in gum acacia and
water. 10 mgs. of the compound
fed immediately after the culture
and after 5 hours.

STRAIN - Bacillus Aertrycke V
18 hour culture emulsified and
diluted 1 in 1,000 with muein.
1 ml. injected intraperitoneally.

Days after Injection
2 3 4 >

Control Mice

ST ST TR T

b

i
2
3
4
Compound Mice 1 vs¥
2
3
4

E——'—

VS = Very Sick
X = Death

This compound, 3-amino-4-hydroxybenzene-
sulphonamide has no effeet on a Bacillus Aertrycke

infection of mice.
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D. BACILLUS AERTRYCKE

COMPOUND T p-aminobenzenesulphonamide coupled
with p-hydroxybenzenesulphonamide

DOSE - 10 mgs. dissolved in water fed
immediately after the culture
injection and after 5 hours.

STRAIN - Bacillus Aertrycke U
18 hour culture emulsified and
diluted 1 in 5,000 with mucin.
1 ml. injected intraperitoneally.

Days after Injection

1 2 3

Control Mice i X

2 X

3 X

4 X
Compound Mice 15 VS

2 VSx

3 X
PR R ST S S RS B SR e e e |
VS - Very Sick
X = Death

Compound V has no curative effect on a

mouse Bacillus Aertrycke infection.



COMPQUND V1.

DOSE -

STRAIN -~

D.

d 138 =
BACILLUS AERTRYCKE

p-aminobenzenesulphonamide coupled
with 8-hydroxyquinoline.

As this compound was insoluble in
most common solvents, it was fed
in the form of a gum acacia and
water suspension. 10 mgs.
immediately after the culture in-
jection and 10 mgs. fed 5 hours
later.

Bacillus Aertrycke U

18 hour culture emulsified and
diluted 1 in 5,000 with mucin.

1 ml. injected intraperitoneally.

Days after Injection

2 3

Control Mice

Compound Mice

e o G ] B oD R D |

X - Death

Compound V1 has no effect on a mouse

Bacillus Aertrycke infection.
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D. BACILLUS AERTRYCKE

COMPOUND VII p-aminobenzenesulphonamide coupled
with 8-hydroxyquinoline methosul-
phate.

DOSE - 10 mgs. in 1 ml. fed immediately
after the culture injection, after
5 hours and 24 hours.

STREIN - Bacillus Aertrycke U
18 hour culture emulsified and
diluted 1 in 5,000 with mucin.
1l ml. injected intraperitoneally.

Days after Injection

1 2 3

Control Mice 2 X

2 VsX

3 Vs¥

4 S X
Compound Mice I L VSX

2 Vs¥

3 S X
e 4 S X
S = Sick
VS = Very Sick
X = Death

Compound V1l has no chemotherapeutic

effeect on a mouse Bacillus ‘Aertrycke infeftion.
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D.  BACILLUS AERTRYCKE

COMPOUND VIIT 4:4'-dinitrodiphenylsulphide

DOSE - Insoluble in water and thus
fed in a gum acacia and water
suspension. 20 mgs. immed-
iately after the culture in-
jeetion, 20 mgs. 5 hours later,
and 20 mgs. 24 hours later.

STRAIN - Bacillus Aertrycke U
18 hour culture emulsified and
diluted 1 in 5,000 muecin.

1 ml. injected intraperiton-

eally.
Days after Injection
1 2 2 4

Control Mice 1 VsSX

2 VSRS

3 X

4 X
Compound Mice 1 Vs¥x

2 Vs X

3

— .

VS = Very Sick
X = Death

4:4'-dinitrodiphenylsulphide has no

effeet on a Bacillus Aertrycke infection of mice.
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D, BACILLUS AERTRYCKE

COMPOUND 1X 4:4"-diaminodiphenylsulphide

DOSE - Dilute solution in laetic acid
10 mgs. in 1 ml. fed immediately
after the cﬁlture injection and
5 hours later.

STRAIN - Bacillus Aertrycke U
18 hour culture emulsified and
diluted in 5,000 with mucin. 1 ml.
injected intraperitoneally.

Day8 after Injection

2 3

Control Mice 1

2 X

3 vs¥

4 V3 X
Compound Mice ; X

2 VsSx

3 vs¥
g L o ST
VS = Very Sick

X = Death

4:4'-diaminodiphenylsulphide has no
chemotherapeutic effect on a mouse Bacillus Aertrycke

infeetion.



COMPOUND X

DOSE =

STRAIN -

D.
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BACILIUS AERTRYCKE

4:4'-diacetyldiaminodiphenylsulphide

Insoluble in water snd thus

fed in a gum acacia and water
suspension. 20 mgs. in 1 ml.
fed immediately after the

culture injection and after

5 hours.

Bacillus Aertrycke V

18 hour culture emulsified and
diluted 1 in 1,000 with mucin.

1l ml. injected intraperitoneally.

Days after Injection

15 2 3 4
Control Mice 1 X
2 X
3 X
4 X
Compound Mice 1 X
2 X
5 X
e ol LTI, AR L NN MBI 1 o)L

X = Death

Diacetyldiaminodiphenylsulphide has no

effect on mouse Bacillus Aertrycke infection.
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s BACILLUS AERTRYCKE
COMPOUND XT  3:5-dinitro-4-hydroxybenzenesulphon-
amide.

DOSE - Fed in a weak solution of sodium
bicarbonaté. 10 mgs. immediately
after the culture injection and
again after 5 hours.

STRAIN - Bacillus Aertrycke U
18 hour culture emulsified and
diluted 1 in 5,000 with muecin.
1 ml. injected intraperitoneally.

Days after Injection

1 2 3 4

Control Mice § X

2 X

3 LBSES

4 ysx
Compound Mice 1 X

2 X

3 X
—
VS = Very Sick

X = Death

3:5-dinitro-4-hydroxybenzenesulphonamide
has no effeect on & Bacillus Aertrycke infection

of mice.
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D. BACILLUS AERTRYCKE

COMPOUND X111 3-nitro-4-aminobenzenesulphonamide

DOSE - Insoluble in water and thus fed
in a gum acacia and water sus-
pension. 20 mgs. per ml., immed-
iately after the culture injection
after 5 hours and 24 hours.

STRAIN - Bacillus Aertrycke V
18 hour culture emulsified and
diluted 1 in 100 with mucin.
1 ml. injected intraperitoneally.

Days after Injection

1 2 3 4
Conkrol Mice 1 X
2 X
3 VF VF VF VF
4 VF VF VF VF
Compound Mice X X
2 X
S X
S VF VF VF
VF « Very Fit
S = Sick
X = Death

3-nitro-4-aminobenzenesulphonamide has no-
effect on a fatal dose of Bacillus Aertrycke in

mice
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D. BACILLUS AERTRYCKE

COMPOUND XIV M. & B. 693
2—sulphanilylaminopyri&ine

DOSE =~ Feebly soluble in water.
Fed in a slution 20 mgs. per ml,
immediately after the culture in-
jection and after 5 and 24 hours.
STRAIN - Bacillus Aertrycke V
18 hour culture emulsified and
diluted 1 in 100 with muein 1 ml.
injected intraperitoneally.

Days after Injection

2 3 4 2)

Control Mice X

1
X
2 X
% VF VF VF VF VF
4 VF VE VF VF VF
Compound Mice 3. X
2 X
3 S VF VF VF VF
B 4 S VF VF VF VF
V = Very Fit
S « Sick
X = Death

2-sulphanilylaminopyridine has no chemo-
. therapeutic effect on a lethal dose of Bacillus

Aertrycke in mice.
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STIAGN =
BACILLUS AERTRYCKE

COMPOUND XV  1:1-di(p-acetylaminobenzenesulphonyl)

DOSE -

STRAIN -

piperazine
Insoluble in water and thus fed in
a gum acacia and water suspension.
20 mgs. per ml. immediately after the
culture injection and after 5 hours.
Bacillus Aertrycke V
18 hour culture emulsified and
diluted 1 in 100 with muecin. 1 ml.
injected intraperitoneally.

Days after Injection

1 2 3 4
Control Mice 1 X
2 X
3 VF VF VF VF
4 VF VE F VF
Compound Mice il X
2 X
3 S X
S VF VF VF

= Very Fit
= Sick
= Death

Compound XV has no curative effect on a

mouse Bacillus Aertrycke infection.



D.
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BACILLUS AERTRYCKE

COMPOWND XVIL

DOSE -

STRAIN -

Piperidine-l-piperidino-acridone-3%-

sulphonate.
Soluble in water. 10 mgs.
per ml. fed immediately after
the culture injection and after
5 hours.
Backllus Aertrycke V
18 hour culture emulsified and
diluted 1 in 100 with muecin
1 ml. injected intraperitoneally.

Days after Injection

1 2 3 4

Control Mice 1 X

2 X

3 VF VF VF VF

4 VF VF VF VF
Compound Mice 1 X

2 X

3 Vs X

VF = Very Fit
VS = Very Sick
X = Death

Compound XV11l has no curative effect on

a mouse Bacillus Aertrycke infection.



= 147 =
D, BACILILUS AERTRYCKE

COMPOUND XIX = 1:4'di-(p-aminobenzenesulphonyl)
piperazine.

DOSE - Insoluble in water and thus fed
in a gum.acacia and water sus-
pension. 20 mgs. per ml. imm-
ediately after the culture in-
jection and after 5 hours.

STRAIN =~ Bacillus Aertrycke V
18 hour culture emulsified and
diluted 1 in 100 with muein.
1 ml. injected intraperitoneally.

Days after Injection

1 2 3 4

Control Mice 1 X

2 X

3 VF VF VF VF

4 VF VF VF VF
Compound Mice 1 X

2 X

) S S X

4 S VF VF VF
VF = Very Fit
S = Sick
X = Death

Compound X1X has no curative effect on a

- Bacillus Aertrycke infection in mice.



PART I1

INVESTIGATION OF THE MODE OF

ACTION
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BACTERIOSTATIC AND BACTERICIDAL ACTION OF VARIOUS

MPOUND ON THE STREP C PNEUMOCO APHY L~
OCOCCUS AND ON BACILLUS AERTRYUKﬁ

PROCEDURE

Dilutions of the compound under examin-
ation were made in papaine broth (to which sterile
serum had been added if the compound was to be
tested against the haemolytic streptococcus or
against the pneumococcus). A weighed amount of
the compound was dissolved or suspended in - sterile
water and from this solution further dilutions were
made.

1l ml. of the solution of the compound
was added to 5 mls. of the broth medium and the
final concentration of the compound, quoted in the
protocols,was that in the broth.

The broth tubes were then inoculated
with 0.1 ml. of a thick bacterial suspension (ob-
tained by emulsifying an 18 hour slope culture of
the organism) and incubated at 37°C for 18 hours.
A control broth tube, with broth and organisms
only was included in each series. In order to
examine both the bacteriostatic and the bacteri-

cidal activity of the compound, sub-culture& from

the/
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the broth tubes were made on blood agar plates at
3 hour, 6 hour and 18 hour intervals. The
blood plates were read fof growth after a further
18 hours incubation, and from the extent of growth
on these plates the activity of the drug was
ascertained.

The same group of compounds as used in
the in vivo experiments were tested for their

antibacterial activity in the test tube.

The four organisms used in these experi-
ments were the B-haemolytic streptococcus, the
pneumococcus, the staphylococcus and Bacillus
Aertrycke, and the results obtained are briefly
summarised in Table II. The details of the
experiments from which these results are abstracted
are to be found on pages 150 - 235 and their

significance is discussed in Section IIT (page 251)
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IN VITRO EXPERIMENTS

Bacteriostatic & Bactericidal Activity

Compound H.Strepto-~ Pneumo- Staphylo- Bacillus
Number coccus coccus coccus Aertrycke
10 ++ +t 0 0
11 + ++ - 0 0
1 kil ++t+ + . 0 0
1V Y 3 0 0
v et x + to X 0
V1 o +++ to ++ + t0.0 +
y1l o e 2t00 -
V1lk *t0.0 x + 0
1X i+ to < + + 0
X ++ to + 0 + +
Xl 0 0 2 500 0
| X11 0 0] 0) (6]
X111 0 0 0 0
X1V Q 0 0 0
XV 0 0 0 0]
i XVL e+ Z to.0 0 0
:XVll ++ +++ to ++ 0 0
XV1il - - 0 0
X1X 0 0 0 0
XZ 0 0 0 0
XX1 0 0 0 0
| xx11 ++ ++ 0 0

W e e —s_

+++ = Bactericidal at 1 in 1,000 Bacteriostatic at 1 in 10,000
+H= . ¥ " 1 in 100 n n 1 in 1,000
+ = " # 1 in 10 " " 1 in 100
X = Growth retarding effect

0 = No action

Not tested
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IN VITRO EXPERIMENTS

A. HAEMOLYTIC STREPTOCOCCUS

Compound 1 p-aminobenzenesulphonamide
DILUTIONS - Diluted 1 in 100 and 1 :in

10,000 in sterile serum broth.
STRAIN - Haemolytic Streptococcus A.
0.1 ml. of an 18 hour culture

to each tube.

Incubation Growth on Blood Agar plates
time before after 18 hours inculbation
sub-culture

Dilutions of Compounds

1L 13 Control
= T00 10,000 (no compound)
3 hours 0 X XX
6 hours 0 X XX
18 hours 0 X XX
XX = Thiek growth
_ X - Growth
X =1~ 2 colonies
0 = Sterile

Compound I, p-aminobenzenesulphonamide
has a definite bacterostatic and bactericidal
effect on the growth of the haemolytic strepto-

coccus.



A, HAEMOLYTIC STREPTOCOCCUS

O

COMPOUND 11 p-hydroxybenzenesulphonamide
DILUTION - Diluted 1 in 100 and 1 in
10,000 in sterile serum broth.
STRAIN - Haemolytiec Streptococcus A.
0.1 ml. of 18 hour culture to
each tube.
Incubation Growth on Blood Agar after

time before
sub=-culture

18 hours at 37°C.

Dilutions of Compounds

i 1 Control
100 T0,000 (no compound)
3 hours XX XX XX
6 hours XX XX xX
18 hours 0 X XX
XX - Thick Growth
X = Growth
0 = Sterile

Compound II, p-hydroxybenzenesulphonamide

has a bactericidal effect on the growth of the

haemolytic streptococcus.
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A, HAEMOLYTIC STREPTOCOCCUS
COMPOUND TIT 3-nitro-4-hydroxybenzenesulphon-
amide.
DILUTION - Diluted 1 in 100 and 1 in

10,000 in sterile serum broth.
ATRAIN - Haemolytic Streptococcus A
0.1 ml. of 18 hour culture

in each tube.

Incubation Growth on Blood Agar
time before
sub-culture Dilutions of Compound
1 il Control
100 10,000 (no compound)
3 hours X X X
6 hours T X X .
18 hours 0 0 XX
XX = Thieck Growth
. X = Growth
X =1 - 2 colonies
0 = Sterile
/am r'f"y

3-nitro-4-hydroxybenzene has alstrong
growth retarding and killing power on the haemo-

lytic strepbdococcus.
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A HAEMOLYTIC STREPTOCOCCUS
COMPOUND 1V 3-amino-4-hydroxybenzenesulphon-
amide
DILUTION - Diluted 1 in 100; 1 in 11,000

and 1 in 10,000 in sterile
broth tubes.

STRAIN = Haemolytic Streptococcus A
0.1 ml, of 18 hour culture

added to each tube.

Incubation Growth on Blood Agar
time before

sub-culture
Dilutions of Comcpounds

ik 1 i Control

T00 1,000 10,
3- hours X X XX
6 hours X KX XX
18 hours X X XX

1l - 2 colonies
Growth
Thick Growth

-

unn

3-amino-4-hydroxybenzenesulphonamide has
a slight bacteriostatic effect on the growth of

the haemolytic streptococcus.
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A, HAEMOLYTIC STREPTOCOCCUS

COMPOUND V p-aminobenzenesulphonamide coupled
with p-hydroxybenzenesulphonamide

DILUTION - Diluted 1 in 100, 1 in 10,000
and 1 in 1,000,000 in sterile
broth tubes.

STRAIN - Haemolytic Streptococcus A.

0.1 ml. of 18 hour culture added

to each tube.

Incubation Growth on Blood Agar
time before
sub-culture Dilutions of Compoundé
:H ik 1 Control
T00 10,000 1,000,000
3 hours X X X XX
6 hours 0 = XX XX
18 hours 0 0 % XX
XX = Thick Growth
X = Growth
X =1 - 2 colonies
0 = Sterile

Compound V has a definite bacteriostatie
and bactericidal effect on the growth of the

haemolytic streptococcus.
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A, HAEMOLYTIC STREPTOCOCCUS

COMPOUND VI p-aminobenzenesulphonamide coupled

DILUTION -

STRAIN -

with 8-hydroxyquinoline.

Diluted 1 in 100, 1 in 10,000
and 1 in 1,000,000 in sterile
broth tubes.

Haemolytic Streptococcus A.
0.1 ml. of 18 hour culture

added to each tube.

Incubation

Growth on Blood Agar

time before
sub=culture

Dilutions of Compounds

ik ik it Control
T00 10,000 T, 000,000

3 hours 0 X XX XX

6 hours 0 X KX XX
18 hours 0 0 ) & XX
K = Thiclm Growth
X = Growth
X = 1l - 2 colonies

0 = Sterile

Compound V1 has a definite bacteriostatic

and bactericidal action on the haemolytic strepto-

coccus.
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Al HAEMOLYTIC STREPTOCOCCUS

COMPOUND VIT p-aminobenzenesulphonamide coupled
with 8-hydroxyquinoline methosul-
phate.
DILUTION - Diluted 1 in 100, 1 in 10,000

and 1 in 1,000,000 in sterile
broth tubes.

STRAIN -~ Haemolytic Streptococcus A
0.1 ml. of 18 hour culture

added to each tube.

Incubation Growth in Blood Agar
time before
sub-culture Dilutions of Compound
11 1 1% Control
100 10,000 T,000,000
3 hours X X XX XX
6 hours x ¥x xx xx
18 hours 0 X X XX
X = Thick Growth
X = Growth
X =1~ 2 cecolonies
0 = Sterile

Compound V11l has a slight bacteriostatic
and bactericidal effect on the haemolytic strepto-

coccus.
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A. HAEMOLYTIC STREPTOCOCCUS

COMPOUND V111 A:47-dinitrodiphenylsulphide.

DILUTION - Diluted 1 in 100, 1 in 1,000
and 1 in 10,000 in sterile broth
tubes.

STRAIN - Haemolytic Streptococcus A
0.1 ml. 18 hour culture added

to each tube.

Incubation Growth on Blood Agar
time before
sub-culture Dilutions of Compound
1 11 1 Control

3 hours 0 X XX XX
6 hours X % X KX
18 hours X X XX XX

= Thick Growth

= Growth

= 1 - 2 colonies

= Sterile

ol w4

(U

4:47-dinitrophenylsulphide has little or
no bacteriostatic effect on the haemolytic strepto-

coccuse.
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A, HAEMOLYTIC STREPTOCOCCUS

COMPOUND 1X Diaminodiphenylsulphide
DILUTION - Diluted 1 in 100, 1 in 1000

STRAIN -

and 1 in 10,000 in sterile
broth tubes.

Haemolytic Streptococcus A.
0.1 ml. of 18 hour culture

added to each tube.

Incubation

Growth in Blood Agar

time before
sub-culture

Dilution of Compound

3 1 1
T00 1,000 T0,000 Control

3 hours X X XX

6 hours % b X XX
18 hours 0 54 x XX
XX - Thick Growth
X = Growth
X =1 - 2 colonies
0 = Sterile.

Diaminodiphenylsulphide has a bacterio-

static and a slight bactericidal action on the

heemolytic streptococcus.
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A, HAEMOLYTIC STREPTOCOCCUS

COMPOUND X Diacetyldiaminodiphenylsulphide
DILUTION - Diluted 1 in 100, 1 in 1,000

and 1 in 10,000 in sterile
broth tubes.

STRAIN - Haemolytic Streptococcus A.
0.1 ml. of 18 hour culture

added to each tube.

Incubation Growth on Blood Agar
time before
sub-culture Dilutions of Compound
i) 1 3,
T00 1,000 10,000 Control
3 hours X X X XX
6 hours x % X XX
18 hours 0 X XX XX
XX = Thick Growth
X = Growth
X = 1 - 2 colonies
0 = Sterile

Diacetyldiaminodiphenylsulphide has a

slight bacteriostatic and bactericidal action on

the haemolytic strepfococcus.
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A. HAEMOLYTIC STREPTOCOCCUS

COMPOUND XT 3:5-dinitro-4-hydroxybenzenesulphon-
amide.
DILUTION - Diluted 1 in 100; 1 in 1,000

and 1 in 10,000 in sterile
broth tubes.

STRAIN = Haemolytic Streptococcus A.
0.1 ml, of 18 hour culture

added to each tube.

Incubation Growth on Blood Agar
time before

sub-culture Dilutions of Compound

15 i 15
J00 T,000 70,000 Control

3 hours X X X XX

6 hours x x X XX
18 hours XX XX XX XX
XX = Thick Growth

X = Growth

X =1 - 2 colonies

0 = Sterile

3:5-dinitro-4-hydroxybenzenesulphonamide
has little bacteriostatic effect on the haemolytic

streptococcus.
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A, HAEMOLYTIC STREPTOCOCCUS

COMPOUND X11 Methylquinolylaminobenzenesulphon-
amide.
DILUTION - Diluted 1 in 100.
STRAIN - Haemolytic Streptococcus E.

0.1 ml. 18 hour culture

added to each tube.

Incubation Growth on Blood Agar
time before
sub-culture Dilutiong of Compound
1
100 Control
3 hours XX XX
18 hours XX Xx

XX = Thick Growth

Compound X11 has no in vitro effect on

i the growth of the haemolytic streptococcus.



A,
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HAEMOLYTIC STREPTOCOCCUS

COMPOUND XIT1

3-nitro-4-aminobenzenesulphon-

amide.
DILUTION - Dijuted 1 in 100 in sterile
gserum broth.
STRAIN =~ Haemolytiec Streptococccus G.
0.1 ml. of 18 hour culture
added to each tube.
Incubation

time before
sub=-culture

Growth on Blood Agar

Dilutions of Compound

1
T00 Control
3 hours X x
18 hours RX b0 4

X¥ = Thiek Growth

3-nitro-4-aminohgﬁxnz;benzenesulphonamide

has no bactericidal effect on the haemolytic

streptococcus.
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Ale HAEMOLYTIC STREPTOCOCCUS

COMPOUND X1V 2=sulphanilylaminopyridine
(M. & B. 693)
DILUTION - Diluted 1 in 100 in sterile

serum broth.
STRAIN - Haemolytie Streptococcus G.
0.1 ml. of 18 hour culture

added to each tube.

Incubation Growth on Blood Agar
time before

sub=culture Dilution Control
3 hours XX XX
18 hours XX XX

XX = Thick Growth

2-sulphenilylaminopyridine has no effect
on the growth of the haemolytic streptococcus

in vitro.
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A, HAFMOLYTIC STREPTOCOCCUS

COMPOUND XV 1:4-di(p-acetylaminobenzénesulphonyl)

piperazine.
DILUTION - Diluted 1 in 100 in sterile
serum broth.
STRAIN - Haemolytic Streptococcus G.

0.1 ml. 0ofl8 hour culture

added to each tube.

Incubation Growth on Blood Agar
time before

sub-culture Dilution Control
3 hours X XX
18 hours Xx XX

XX = Thick Growth
X = Growth

Compound XV has no bactericidal effect

on the haemolytic streptococcus.
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A, HAEMOLYTIC STREPTOCOCCUS

COMPOUND XV1

DILUTION -

STIRAIN -

p~diazobenzenesulphonamide.

Diluted 1 in 100; 1 in 1,000
and 1 in 10,000 in sterile
serum broth.

Haemolytic Streptococcus A.
0.1 ml. of 18 hour culture

added to each tube.

Incubation

Growth on Blood Agar

+time before
sub=culture

Dilutions of Compounds

1 1 il

100 1,000 710,000 Control
3 hours X P X X
6 hours 0 0 0 XX
18 hours 0 0 0 XX
XX = Thick Growth
X = Growth
X =1 - 2 colonies
0 = Sterile.

p-diazobenzenesulphonamide has a

bactericidal effeet on the haemolytic streptococcus.



A,
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HAEMOLYTIC STREPTOCOCCUS

COMPOUND XVII

DILUTION -

STRAIN -

Piperidine-~l-piperidino-acridone-
3-sulphonate.
Diluted 1 in 100; 1 in 1,000
and 1 in 10,000 in sterile
serum broth.
Haemolytic Streptococcus A.
0.1 ml. of 18 hour culture

added to each tube.

incubation

Growth on red Blood Agar

time before
sub-culture

Dilutions of Compound

1 1 1
T00 T,000 TOU,000 Control

3 hours 0 p.s X XX
6 hours 0 X X XX
18 hours 0 0 XX XX
XX = Thick Growth
. X = Growth
| X = 1 -~ 2 colonies
0 = Sterile

Comppund XV11l has a bacteriostatic

and bactericidal

COCcus.

effect on the haemolytic strepto-
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A HAEMOLYTIC STREPTOCOCCUS

COMPOUND XTX , 1:4-di(p-aminobenzenesulphonyl)
piperazine.

DILUTION - Diluted 1 in 100 in sterile
serum broth.

STRAIN = Haemolytie Streptococcus H.
0.1 ml. of 18 hour culture

added to ‘each tube.

Incubation Growth on Blood Agar
time before

sub-culture Dilution Control
»3 hours X X
18 hours X XX

XX = Thick Growth
X = Growth

Compound X1X has no effect on the growth

of the haemolytic streptococcus in vitro.
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A, HAEMOLYTIC STREPTOCOCCUS

COMPOUND XX Ethyl-4-acetylaminobenzenesulphonyl-
piperazine-l-carboxylate.

DILUTION - Diluted 1 in 100 in sterile
serum broth.

STRAIN - Heemolytiec Streptococcus H.
0.1 ml. of 18 hour culture

added to each tube.

Incubation Growbh on Blood Agar
time before

sub=-culture Dilution Control
3 hours XX XX
18 hours XX X

XX = Thick Growth

Compound XX has no effect on the growth

of the haemolytic streptococcus in vitro.
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A HAEMOLYTIC STREPTOCOCCUS

COMPOUND XX1  Ethyl-4-aminobenzenesulphonyl
piperazine-l-carboxylate.

DILUTION - Diluted 1 in 100 in sterile
serum broth.

STRAIN - Haemolytie Streptococcus H.
0.1"ml, ofiB hour culture added

to each tube.

Incubation Growth on Blood Agar
time before

sub-culture Dilution Control
3 hours XX XX
18 hours X XX

X% 2 Thick Growth

Compound XX1 has little effeet on the
; growth of the haemolytic streptococcus in the

test tube.
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A, HAEMOLYTIC STREPTOCOCCUS

COMPOUND XXIT Sulphonamide coupled with
hydroxy arsonic acid.

DILUTION - Diluted 1 in 100; 1 in 1,000
and 1 in 10,000 in sterile
serum broth.

STRAIN - Haemolytic Streptococcus A.
0.1 ml. of18 hour culture

added to each tube.

Incubation G Growth on Blood Agar
time before
sub-culture Dilutions of Compound
1 1 1
100 T,000 710,000 Control
3 hours XX XX X XX
18 hours 0 0 z ix
XX = Thick Growth
X =1 - 2 colonies
0 = Sterile

Compound XX11 has a slight bactericidal

effect on the haemolytic streptococcus.
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PART 11 1. BACTERIOSTATIC AND BACTERICIDAL

EXPERIMERTS .
B PNEUMOCOCCUS
COMPOUND 1 p-aminobenzenesulphonamide
DILUTION - Diluted 1 in 100; 1 in 1,000

and 1 in 10,000 in sterile
serum broth.

STRAIN - Pneumococcus Z.
0.1 ml. of 18nhour culture

added to each tube.

Incubation Growth on Blood Agar

time before

sub-culture Dilutions of Compound
i 1 1

100 1,000 10,000 Control

3 hours p.o X X X
6 hours 0 x X XX
18 hours 0 x X XX

Thick Growth
Growth

1l - 2 colonies
Sterile

ol M E

p-aminobenzenesulphonamide has a definite
baetericidal and bacteriostatic effect on the

PneumocOoCCUsS »
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Bls PNEUMOCOCCUS
COMPOUND 11 p-hydroxybenzenesulphonamide
DILUTION - Diluted 1:ih 100; 1 in 1,000

and 1 in 10,000 in sterile
serum broth.

STRAIN - Pneumococcus R.
0.1 ml. of 18 hour culture

added to each tube.

Incubation Growth on Blood Agar
time before

sub-culture : Dilutions of Compound

3 1 1
100 1,000 10,00 Control

3 hours _ X X X X
18 hours 0 0 XX X
XX = Thick Growth

X = Growth

0 = Sterile

p-hydroxybenzenesulphonamide has a
bacteriostatic and a bactericidal action against

the pneumococcus.
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B. PNEUMOCOCCUS

COMPOUND TT1 3-nitro-4-hydroxybenzenesulphon-

DILUTION -

amide.

Diluted  in 100; 1 in 1,000
and 1 in 10,000 in sterile

serum broth.

STRAIN - Pneumococcus Z.
0.1 ml. of 18 hour culture
added to each tube.
Incubation Growth on Blood Agar

time before
sub-culture

Dilutions of Compound

1 1 1l

100 1,000 710,000 Control
3 hours X X XX
6 hours ps X %X
18 hours 0 X XX XX
XX = Thiek Growth
X = Growth
X =1 - 2 colonies
0 = Sterile

3-nitro-4-hydroxybenzenesulphonamide

has & bacteriostetic and a bactericidal action

on the pneumococcus.
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B. PNEUMOCOCCUS

COMPQUND TV 3-amino-4-hydroxybenzenesulphonamide

DILUTION - Diluted 1 in 100; 1 in 1,000
and 1 in 10,000 in sterile
serum broth.

STRAIN - Pneumococcus Z.

0.1 ml. of 18 hour culture

added to each tube.

Incubation Growth on Blood Agar
time before
sub-culture Dilutions of Compound

1L 3l
100 1,000 TO,000 Control

3 hours X X XX XX

6 hours x XX XX

I

18 hours 0 XX

%4
P

Thick Growth
Growth

1l - 2 colonies
Sterile

OlN B

3—amino-4—hydroxybenzenesulphonamide has
o bacteriostatic and a bactericidal effect on the

P neumocoCCuUSe.
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B. PNEUMOCOCCUS

COMPOUND V p-aminobenzenesulphonamide coupled
with p-hydroxybenzenesulphonamide

DILUTION - Diluted 1 in 100; 1 in 1,000
and 1 in 10,000 in serile
serum broth.

STRAIN - Pneumococcus Y
0.1 ml, of 18 hour culture

added to each tube.

Incubation Growth on Blood Agar
time before
sub-culture Dilution of Compound

1 1 1

100 1,000 10,000 Control
3 hours X XX XX
18 hours X X XX XX

XX = Thick Growth
X = Growth

Compound V has slight bacteriostatic

action on the pneumococcus.
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B. PNEUMOCOCCUS

COMPOUND V1 p-aminobenzenesulphonamide coupled
with 8-hydroxy quinoline.

DILUTION - Diluted 1 in 100; 1 in 1,000
and 1 in 10,000 in sterile
serum broth.

STRAIN - Pneumococcus X
0.1 ml. of 18 hour culture

added to each tube.

Incubation Growth on Blood Agar
time before
sub®culture Dilution of Compound
3 1 1
100 71,000 10,000 Control
3 hours 0 X X X
18 hours 0 0 ps XX
XX = Thick Growth
X = Growth
X = 1 - 2 colonies
0 = Sterile

Compound V1 has a fairly strong bacterio-

statie snd bactericidal effect on the pneumococcus.
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B. Pneumococecus

COMPOUND VII p-aminobenzenesulphonamide coupled
with 8-hydroxyquinoline methosulphate.

DILUTION - Diluted 1 in 100; 1 in 1,000
and 1 in 10,000 in sterile
serum broth.

STRAIN - Pneumococcus X
0.1 ml. of 18 hour culture

added to each tube.

Incubation Growth on Blood Agar
time before
sub-culture Dilutions of Compounds

1 1 1
T00 I,000 TO,000 Compound

3 hours

o
1%
P
B

18 hours 0 ps X XX

Thiek Growth
Growth

1 - 2 colonies
Sterile

obewgi

Compound V11l has a definite bacteriostatic

and bactericidal action on the pneumococcus.
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PNEUMOCOCCUS

COMPOUND VITT

4:4'3dinitrodiphenylsulphide

DITUTION - Diluted 1 in 100; 1 in 1,000
and 1 in 10,000 in sterile
serum broth.

STRAIN - Pneumococcus @

0.1 ml. of 18 hour culture
added to each tube.
fncubation Growth on Blood Agar

time before
sub-culture

Dilutions of Compounds

1 1 1
100 1,000 10,000 Compound

3 hours 0 X X XX
18 hours X % X XX
X = Thick Growth
X = Growth
X = 1 - 2 colonies
0 = Sterile

4:4'dinitrodiphenylsulphide has a slight

bacteriostatic effect on the pneumococcus.
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B. PNEUMOCOCCUS

COMPOUND IX1 4:4'diaminodiphenylsulphide

DILUTION - Diluted 1 in 100; 1 in 1,000
and 1 in 10,000 in sterile
serum broth.

STRAIN - Pneumococcus P
0.1 ml. of 18 hour culture

added toeach tube.

Incubation Growth on Blood Agar
time before
sub=culture Dilutions of Compound

X 1 1
T00 1,000 T0,000 Compound

3 hours X X XX XX
18 hours 0 x X ix

X « Thick Growth
X = Growth

X = 1 - 2 colonies
0 = Sterile

4:4'diaminodiphenylsulphide has some
bactericidal and bacteriostatic action on the

pneumococcus.
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B. PNEUMOCOCCUS
COMPOUND X 4:4'diacetyldiaminodiphenylsulphide
DILUTION = Diluted 1 in 100 in sterile
serum broth.
STRAIN - Pneumococecus R
0.1 ml. of 18 hour culture
added to each tube.
Incubation Growth on Blood Agar

time before
sub=culture

Dilutions of Compounds

il
T00 Control
3 hours XX XX
18 hours XX EX

XX = Thieck Growth

4:4'diacetyldiaminodiphenylsulphide has

no effect on the growth of the pneumococcus in the

test tube.
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B. PNEUMOCOCCUS

C OMPOUND X1 3:5-dinitro-4-hydroxybenzene-

sulphonamide.

DILUTION - Diluted 1 in 100 and 1 in
1,000 in sterile serum broth.
STRAIN - Pneumococcus P.
0.1 ml. of 18 hour culture
added to each tube.
Incubation Growth on Blcod Agar

time before
sub-culture

Dilutions of Compounds

1

%3 hours

18 hours

l;
T00 1,000 Control
XX XX X
X X

XX

XX = Thick Growth
X = Growth

3:5-dinitro-4-hydroxybenzenesulphon-

amide has little effect on the growth of the

pneumococcus in vitro.
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B. PNEUMOCOCCUS

COMPOUND XI1. Methylquinolylbenzenesulphonamide

DILUTION - - Diluted 1 in 100 in sterile
serum broth.

STRAIN - Pneumococcus R
0.1 ml. of 18 hour culture
added to each tube.

Incubation Growth on Blood Agar

time before 1

sub-culture Dilution TO0 Control
3 hours XX XX

18 hours X XX

XX = Thick Growth

Methylquinolylbenzenesulphonamide has
no effeet on the growth of the pneumococcus in the

test tube.
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B. PNEUMOCOCCUS

COMPOUND XTTT 3-nitro-4-aminobenzenesulphon-
amide.
DILUTION - Diluted 1 in 100 in sterile

gserum broth.
STRAIN - Pneumococcus R.
0.1 ml. of 18 hour culture

added to each tube.

Incubation Growth on Blood Agar
time before 1

sub-culture Dilution TO0 Control
3 hours XX XX
18 hours XX XX

XX = Thieck.Growth

Compound X111 has no effect on the

growth of the pneumococcus in the test tube.



COMPOUND X1V

DILUTION -

STRAIN -
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PNEUMOCOCCUS

2-sulphanilylaminopyridine

Diluted 1 in 100 in sterile
serum broth.

Pneumococcus R.

0.1 ml. of 18 hour culture

added to each tube.

Incubation time
before sub-

Growth on Blood Agar

culture Dilution 1 Control
100
3 hours XX
XX
18 hours XX
XX

XX = Thiek Growth

Compound X1V has no effect on the

in vitro growth of the pneumococcus.
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B. PNEUMOCOCCUS

COMPOUND XV 1:4'di(p-acetylaminobenzenesulphonyl)
piperazine.
DILUTION - Dihluted 1 in 100 in sterile

serum broth.
STRAIN - Pneumococecus R
0.1 ml. of18 hour culture

added to each tube.

Incubation Growth in Blood Agar
time before 1

sub=culture Dilution T00 Control
3 hours XX XX

18 hours XX XX

XX 3 Thick Growth

Compound XV has no effect on the in vitro

growth of the pneumococcus. ;
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B. PNEUMOCOCCUS
COMPOUND XVI p-aminobenzenesulphonamidediazo-
compound.
DILUTION - Diluted 1 in 100 and 1 in

1,000 in sterile serum broth.
STRAINS - Pneumococcus P
0.1 ml. of 18 hour culture

added to each tube.

Incubation Growth on Blood Agar

time before

sub-sulture Dilutions of Compounds

i3 1
JOO 1,000 Control
3 hours X X XX
18 hours X X X
XX = Thick Growth

X = Growth
X =1 - 2 colonies, '

Compound XV1 has a feeble bacteriostatic

effect on thegrowth of the pneumococcus in the
|

test tube.
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B. PNEUMOCOCCUS

COMPOWND XVIL Piperidine-l-piperidino-acridone-~
3-sulphonate.

DILUTION - Diluted 1 in 100 and 1 in
| 1,000 in sterileéerum broth.
STRAIN - Pneumococcus P.

0.1 ml. of 18 hour culture

added to each tube.

Incubation Growth on Blood Agar
time before
sub-culture Dilutions of Compound
1 1l
T00 1,000 Control

3 hours X X XX
18 hours 0 0 EX

= Thick Growth

= Growth

= Sterile

onbi

Compound X¥11l has a bactericidal effect

on the pneumococcus.
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PNEUMOCOCCUS

COMPOUND XIX

DILUTION -

1:4-di-(p-aminobenzenesulphonyl)
piperazine

Diluted 1 in 100 in sterile

serum broth.

STRATIN = Pneumococcus R
0.1 ml. of 18 hour culture
added to each tube.
Incubation Growth on Blood Agar

time before

L

sub-culture Dilution TOO Control
3 hours X XX
18 hours XX XX

X¥ = Thiek Growth

Compound X1X has no bacteriostatic

or bactericidal effect on the pneumococcus.
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B. PNEUMOCOCCUS
COMPOUND XX Ethyl-4-acetylaminobenzenesulphonyl
piperazine-l-carboxylate
DILUTION Diluted 1 in 100 in sterile
serum broth.
STRAIN = Pneumococcus R
0.1 ml. ofl8 hour culture
added to each tube.
Incubation 6Growth on Blood Agar
time before g
sub=-culture Dilution T00 Control
3 hours XX XX
18 hours XX XX

' XX - Thiek Growth

Compound XX has no growth retarding

effeet on the pneumococcus.
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B. PNEUMOCOCCUS

COMPOUND XXI1 p-aminobenzenesulphonamide coupled
with hydroxy arsonic acid.
DILUTION - Diluted 1 in 100; 1 in 1,000
and 1 in 10,000 in sterile
serum broth.
STRAIN - Pneumococcus X
0.1 ml. of 18 hour culture

added to each tube.

Incubation Growth on Blood Agar
time before
sub=-culture Dilutions of Compound
1 1 1
100 1,000 710,000 Control
3 hours 0 0 0 XX
18 hours 0 X XX XX

= Growth

XX = Thick Growth
X
0 = Sterile

Compound XX11 has a definite bactericidal

and bacteriostatic action on the pneumococcus.
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PART 1T BACTERIOSTATIC AND BACTERICIDAL
EXPERIMENTS
(4 STAPHYTLOCOCCUS
COMPOUND T p-aminobenzenesulphonamide
DILUTION - Diluted 1 in 100; 1 in 1,000

and 1 in 10,000 in sterile
serum broth.

STRAIN - Staphylococcus N and M
0.1 ml. of 18 hour culture

added to each tube.

Incubation Growth on Blood Agar
time before
sub-culture Dilutions of Compound
1 L 1
100 4,000 T0,000 Control
3 hours X XX X XX -
6 hours XX XX XX XX
18 hours XX X XX XX

XX = Thiek Growth

p-aminobenzenesulphonamide has no effect

on a staphylococcal growth in vitro.
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C. STAPHYLOCOCCUS

COMPOUND TT p-hydroxybenzenesulphonamide
DILUTION - Diluted 1 in 100 in sterile

serum broth.
STRAIN - Staphylococcus N
0.1 ml. of 18 hour culture

added to each tube.

Incubation Growth on Blood Agar
time before ha

sub=culture Dilution T00 Control
3 hours X XX

18 hours XX XX

XX = Thick Groth

p—hydroxybenzenesulphonamide has no
. effect, bacteriostatic or bactericidal, on the

staphylococcus.
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C. STAPHYLOCOCCUS

COMPOUND 111 3=nitro-4-~hydroxybenzenesulphon-
amide.
DILUTION - Diluted 1 in 100; 1 in 1,000

and 1 in 10,000 in broth.
STRAIN - Staphylococcus M and N
0.1 ml. of 18 hour culture

added to each tube.

Incubation Growth in Blood Agar
time before '
sub-culture Dilutions of Compound

1 1 1
T00 T,000 T0,000 Control

XX X XX
X X XX

£

3 hours

£

18 hours

XX = Thick Growth

Z-nitro-4-hydroxybensenesulphonamide has
no effect on the growth of the staphylococcus in

the test tube.
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C. STAPHYLOCOCCUS

COMPOUND IV Z-amino-4-hydroxybenzenesulphonamide

DILUTION - Diluted 1 in 100; 1 in 1,000
and 1 in 10,000 in sterile
broth.

STRAIN - Staphylococcus M and N
0.1 ml. of 18 hour culture

added to each tube.

Incubattion Growth od Blood Agar
time before
sub=-culture Dilutions of Compounds
1 1 1
100 1,000 T0,000 Control
3 hours ; XX X ¥x XX
18 hours Xx XX XX XX

. XX = Thick Growth

3-amino-4-hydroxybenzenesulphonamide
has no effect on the growth of the staphylococcus

in the test tube.
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C.. STAPHYLOCOCCUS

COMPOUND V p-aminobenzenesulphonamide coupled
with p-hydroxybenzenesulphonamide

DILUTION - Diluted 1 in 100 and 1 in
10,000 in sterile broth.
STRAIN = Staphylococcus N
0.1 ml. of 18 hour culture

added to each tube.

Incubation Growth on Blood Agar

time before

sub-culture Dilutions of Compound
1 1

100 T0,000 Control

3 hours X Xx X
18 hours 0 XX XX
XX = Thick Growth
X =1 - 2 colonies
0O = Sterile

Compound V has a slight bacteriostatic

and bactericidal effect on the staphylococcus.
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C. STAPHYLOCOCCUS

COMPOUND VI p-aminobenzenesulphonamide coupled
with 8-hydroxywuinoline.

DILUTION - Diluted 1 in 100; 1 in 1,000
and 1 in 10,000 in sterile
broth.

STRAIN =~ Staphylococeus N
0.1 ml, of 18 hour culture

added to each tube.

IXcubation Growth on Blood Agar

time Dbfore
sub-culture Dilutions of Compound

1 1 1
Too T,000 7IT,000 Control

3 hours X X XX XX
18 hours X X Xx S

Thick Growth
Growth
l - 2 colonies

54 b4 &

Compound V1 has a slight bacteriostatic

effeet on the staphylococcus.
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@. STAPHYLOCOCCUS

COMPOUND VIT p-aminobenzenesulphonamide coupled
with 8-hydroxyquinoline methosulphate

DILUTION - Diluted 1 in 100 and 1 in
10,000 in sterile broth.
STRAIN - Staphylococcus N
0.1 ml. of 18 hour culture

added to each tube.

Incubation Growth on Blood Agar
time before
sub-culture Dilutions of Compound

1 1 ’
T00 10,000 Control

3 hours X X XX
18 hours X X XX
XX = Thick Growth
X = Growth
Xo= 1l - 2 colonies

Compound V1l has a slight bacteriostatic

and bactericidal effect on the staphylococcus.
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C. STAPHYLOCOCCUS

C OMPOUND VIT1 A:4'dinitrodiphenylsulphide

DILUTION - Diluted 1 in 100 and 1 in
1,000 in sterile broth.
STRAIN = Staphylococcus N

0,1 ml. of 18 hour culture .

added to each tube.

Incubation Growth on Blood Agar
time before
sub-culture Dilutions of Compound
1 1
100 1,000 Control
3 hours X X XX
18 hours 0 X X
XX = Thieck Growth
X = Growth
X=1-=-2 colonies
0 = Sterile

4:4'dinitrodiphenylsulphide has a
bacteriostatic anda bactericidal effect on the

staphylococcus.
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C. STAPHYLOCOCCUS

COMPOUND TX 4:47diaminodiphenylsulphide

DILUTION - Diluted 1 in 100 and 1 in
10,000 in sterile broth
STRAIN - Staphylococcus N
0.1 ml. of 18 hour culture
added to each tube.

Incubation Growth on Blood Agar
time before
sub=-culture Dilutions of Compound
1 1l
300 10,000 Control
3 hours X xx XX
18 hours 0 XX XX
XX = Thick Growth
X = Growth
0 = Sterile

4:47diaminodiphenylsulphide has a slight
action on the growth of the staphylococcus in the

test tube.
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C. STAPHYLOCOCCUS

COMPOUND X 4:47'diacetyldiaminodiphenylsulphide.
DILUTION - Diluted 1 in 100 in sterile
broth.
STRAIN - Staphylococcus M

0.1 ml. of 18 hour culture

added to each tube.

Incubation Growth on Blood Agar

time before 1

sub-culture Dilution 100 Control
3 hours XX XX

18 hours 0 XX

XX = Thick Growth
0 = Sterile

4:4'diacetyldiaminodiphenylsulphide has

a bactericidal effect on the staphtlococcus.
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C. STAPHYLOCOCCUS

COMPOUND XTI 3:5 dinitro-4-hydroxybenzene-
sulphonamide
DILUTION - Diluted 1 in 100 and 1 in 1,000

in sterile broth.
STRAIN - Staphylococcus N.
0.1 ml. of 18 hour culture

added to each tube.

Incubation Growth on Blood Agar
time before
sub=-culture Dilutions of Compound
1 1
T00 1,000 Control

3 hours X XX XX
18 hours X X XX

= Thick Growth

= Growth

= 1 - 2mcolonies

3:5dinitro—4-hydroxybenzenesulphonamide

has little bacteriostatic or bactericidal effect on

the staphylococcus.
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C. STAPHYLOCOCCUS

COMPOUND X11 Methylquinolylbenzenesulphonamide
DIIUTION - Diluted 1 in 100 in sterile
broth.
STRAIN - Staphylococcus N.

0.1 ml. of 18 hour culture

added to each tube.

Incubation s, Growth on Elood Agar
fime before 1

sub-culture Dilution T00 Control
”3 hours Xx XX
18 hours ) 9 4 XX

XX = Thick Growth

llethylguinolylbenzenesulphonamide has
no effect on the growth of the staphy¥locoeccus in

the test tube.
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C. STAPHYTLOCOCCUS

COMPOUND XIIT 3-nitro-4-aminobenzenesulphon-
amide.
DILUTION - Diluted 1 in 100 in sterile
broth.
STRAIN - Staphylococecus K

0.1 ml. of 18 hour culture

added to each tube.

Incubation Growth on Blood Agar
time before 1

sub-culture Dilution 100 Control
3 hours XX XX

18 hours XX XX

XX - Thick Growth

3-nitro-4-hydroxybenzenesulphonamide has

' no effect on the growth of the staphylococcus in

the test tube.
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C. STAPHYLOCOCCUS

COMPOUND XIV 2 sulphanilylaminopiperazine

(M. & B. 693)

DILUTION - Diluted 1 in ILOO in sterile
broth.
STRAIN - Staphylococecus K.

0.1 ml. of 18 hour culture

added to each tube.

Incubation Growth on Blood Agar
time before

sub-culture Dilution 1 Control
3 hours XX XX

18 hours XX Yy

| XX = Thick Growth

2-sulphanilylaminopiperazine has no

effect on the growth of the staphylococecus in the

' test tube.
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C. STAPHYLDCOCCUS

COMPOUND XV l:4'di-(p-acetylaminobenzene-
sulphonyl )piperazine
DILUTION - Diluted 1 in 100 in sterile
broth.
STRAIN - Staphylococeus K.

0.1 ml. of 18 hour culture

added to each tube.

Incubation Growth on Blood Agar
time before 1

sub-culture Dilution T00 Control
3 hours XX XX

18 hours XX XX

XX = Thiek Growth

Compound XV has no effect on the growth

of the staphylococcus in the test tube.
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C. STAPHYILOCOCCUS

COMPOUND XVI p-aminobenzenesulphonamide diazo
compound .
DILUTION - Diluted 1 in 100 and 1 in

1,000 in sterile broth.
STRAIN = Staphylococcus M
0.1 ml. of 18 hour culture

added to each tube.

Incubation Growth on Blood Agar
time before
sub-culture Dilutions of Compound
g 1
T00 1,000 Control
3 hours X X XX
18 hours .4 XX XX

' XX = Thiek Growth
X = Growth
X = 1l - 2 colonies

p-aminobenzenesulphonamide diazo compound
has little effect on the growth ofthe staphylococcus

'in the test tube.
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STAPHYLOCOCCUS

COMPQOUND XVIL

Piperidine~l-piperidino-geridone-3-

sulphonate.
DILUTION - Diluted 1 in 100 and 1 in
1,000 in sterile broth.
STRAIN = Staphylococcus M.
0.1 ml. of 18 hour culture
added to each tube.
Incubation Growth on Blood Agar
time before
subsculture Dilutions of Compound
1 1
T00 1,000 Control
3 hours XX XX XX
18 hours XX EX XX

XX = Thick Growth

Compound XV11l has no effect on the growth

of the staphylococcus in theitest tube.
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C. STAPHYLOCOCCUS

COMPOUND XVIIT A-47dimethyldiquinolyl 2-2°
sulphide.
DILUTION - Diluted 1 in 100, 1 in 1,000

and 1 in 10,000 in sterile

broth.
STRAIN - Staphylococcus M.
0.1 ml, of 18 hour culture
added to each tube.
Incubation Growth on Blood Agar

time before
sub-culture

Dilutions of Compound

1 2l 1
I00 1,000 TU.500 Control
3 hours XX X XX XX
18 hours XX XX XX XX

XX = Thick Growth

Compound XV111l has no bacteriostatic or

bactericidal effeet on the staphylococcus.
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C. STAPHYLOCOCCUS

COMPOUND XIX l:4'di-(p~aminobenzenesulphonyl)
piperazine.

DILUTION =~ Diluted 1 in 100 in sterile
broth.
STRAIN - Staphylococcus K

0.1 ml. of 18 hour culture

added to each tube.

Incubation Growth on Blood Agar
time before i

sub-culture Dilution TO0 Control
3 hours XX X
18 hours XX XX

XX = Thick Growth

Compound X1X has no bacteriostatic or

| -
| baetericidal effect on the staphylococcus.
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C. STAPHYLOCOCCUS

COMPOUND XX Ethyl-4-acetylaminobenzenesulphonyl-
piperazine-l-carboxylate
DITLUTION - Diluted 1 in 100 in sterile
broth.
STRAIN = Staphylococcus K.
0.1 ml. 0fl8 hour culture
added to each tube.
Incubation Growth on Blood Agar
time before 1
sub-culture Dilution TO0O0 Control
3 hours XX XX
18 hours %E XX

¥X = Thieck Growth

Compound XX has no effect on the growth

of the staphylococcus in theitest tube.
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C. STAPHYTLOCOCCUS

COMPOUND XXT Ethyl-4-aminobenzenesulphonyl
piperazine-l-carboxylate.

DILUTION - Diluted 1 in 100 in sterile
broth.
STRAIN = Staphylococcus K.

0.1 ml. of 18 hour culture

added to each tube.

Incubation Growth on Blood Agar
time béfore ik

sub=culture Dilution 100 Control
3 hours XX XX

18 hours XX XX

XX = Thiek Growth

Compound XX1 has no effect on the growth

of the staphylococcus in the test tube.
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C. STAPHYLOCOCCUS

COMPOUND XXIT p-aminobenzenesulphonamide coupled

with Arsonic Acid.

DILUTION - Diluted 1 in 100; 1 in 1,000
and 1 in 10,000 in sterile
broth.

STRAIN - Staphylococecus N.

0.1 ml. of 18 hour culture
added toc-each tube.

18

Incubation Growth on Blood Agar
time before
sub-cultre Dilutions of @Gompound
it il il
100 1,000 710,000 Control
3 hours XX XX XX XX
hours X XX XX XX
= Thick Growth
= Growth.

o

| of

Compound XX11 has no effect &n the growth

the staphylococcus in the test tube.
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PART TT BACTERIOSTATIC AND BACTERICIDAL
i EXPERIMENTS

D. BACILILUS AERTRYCKE

COMPOUND 1 p-aminobenzenesulphonamide

DILUTION - Diluted 1 in 100 and 1 in 1,000
in sterile broth.

STRAIN - Bacillus Aertrycke U and V
0.1 ml. of 18 hour culture
added to each tube.

Incubation Growth on Blood Agar
time before
sub-culture Dilutions of Compounds
1 1l
T00 1,000 Control
3 hours XX i XX
18 hours XX XX XK

XX = Thick Growth

p-aminobenzenesulphonamide has no effect
on the growth of Bacillus Aertrycke in the test

tube .
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D. BACILLUS AERTRYCKE

COMPOUND T1 p-hydroxybenzenesulphonamide

DILUTION - Diluted 1 in 100 and 1 in
1,000 in sterile broth.
STRAIN = Bacillus Aertrycke V
0.1 ml, of 18 hour culture

added to each tube.

Incubation Growth on Blood Agar
time before _
sub-culture Dilutions of Compound
1 1
100 1,000 Control
4 hours X X X
18 hours XX XX XX

XX = Thicek Growth

p-hydroxybenzenssulphonamide has no

effect on the growth of Bacillus Aertrycke in the

test tube.
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D. BACILLUS AERTRYCKE

COMPOUND ITT 3-nitro-4-hydroxybenzenesulphon-
amide.
DILUTION - Diluted 1 in 100 and 1 in

1,000 in sterilelbroth.
STRAIN - Bacillus Aertrycke U
0.1 ml. of 18 hour culture

added to each tube.

Incubation Growth on Blood Agar

time before

sub-culture Dilutions of Compound
1 i1

T00 T,000 Control

3 hours XX XX XX
18 hours 5 8 ¢ XX XX

XX = Thick Growth

3—nitro-4—hydroxyhenzenesulphonamide

has no bacteriostatic or bactericidak effect on

Bacillus Aertrycke.
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Do RACTLIUS AERTRYCKE

COMPOUND IV

DILUTION -

STRAIN -~

3-amino=-4-hydroxybenzenesulphon-

amide.

Diluted 1 in 100; 1 in 1,000
eand 1 in 10,000 in sterile
broth.

Bacillus Aertrycke U

0.1 ml. of 18 hour culture

aodded to each tube.

Incubation
time before
sub=culture

Growth om Blood Agar

Dilutions of Compound

ik 1 e
T00 T,000 IO0,000 Control
3 hours
XX XX XX XX
6 hours
XX XX XX XX
18 hours
XX XX XX XX

XX = Thick Growth

3-amino-4—hydroxybenzenesulphonamide has

1ittle effeet on the growth of Bacillus Aertrycke

in the test tube.
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D, BACILIUS AERTRYCKE

COMPOUND T p-aminobenzenesulphonamide coupled
with p-hydroxybenzenesulphonamide

DILUTION - Diluted 1 in 100 in sterile
broth.
STRAIN - Bacillus Aertrycke U

0.1 ml. of 18 hour culture

to each tube.

Incubation Growth on Blood Agar
time before 1

sub-culture Dilution T00 Control
3 hours XX XX

18 hours X% XX

XX = Thieck Growth

Compound V has no bacteriostatic or

bactericidal effect on Bacillus Aertrycke.
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D. BACILIUS AERTRYCKE

COMPOUND VI p-aminobenzenesulphonamide coupled
with 8-hydroxygquinoline.

DILUTION - Diluted 1 in 160 and 1 in
1,000 in sterile broth.
STRAIN=- Bacillus Aertrycke U
0.1 ml. of1l8 hour culture

added to each tube.

Incubation Growth on Blood Agar
time before
sub-culture Dilutions of Compound
1 1 A
T00 T,000 Control
3 hours X XX
18 hours 0 X X

XX = Thick Growth
X = Growth

X = 1 - 2 colonies
0 = Sterile

Compound V1 has a slight bacteriostatic

and bactericidal effect on Bacillus Aertrycke.
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D. BACILLUS AERTRYCKE

COMPOUND VIL p-aminobenzenesulphonamide coupled
with 8-hydroxyguinoline methosulphate.

DILUTION - Diluted 1 in 100 and 1 in 1,000
in sterile broth.

STRAIN - Bacillus Aertrycke U
0.1 ml. of 18 hour culture

added to each tube.

Incubation Growth on Blood Agar
time before

sub-culture Dilutions of Compound

10 i
T00 T,000 Control

3 hours X X XX
18 hours 0 X xx
XX = Thiek Growth

X = Growth

X m Ll = 2 colonies

0 = Sterile

Compound V11 has a slight bacteriostatic

and bactericidal effect on Bacillus Aertrycke.
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D. BACILLUS AERTRYCKE

COMPOUND VITT A:4'dinitrodiphenylsulphide

DILUTION =~ Diluted & in 100 and 1 in
1,000 in sterile broth.
STRAIN = Bacillus Aertrycke U
0.1 ml. of 18 hour culture

added to each tube.

Incubation Growth on Blood Agar
time before
sub-culture Dilutions of Compound
1 1
100 1,000 Control
3 hours XX XX XX
18 hours XX XX XX

XX = Thiek Growth

A:4'dinitrodiphenylsulphide has no

action on the growth of Bacillus Aertrycke in the

tegt tube.
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D. BACILLUS AERTRYCKE
COMPOUND IX 4:47diaminodiphenylsulphide
DITUTION = Diluted 1 in 100; 1 in 1,000

and 1 in 10,000 in sterile
broth.

STRAIN - Bacillus Aertrycke U
0.1 ml. ofl8 hour culture

added to each tube.

Incubation Growth on Blood Agar

time before

sub-culture 1 1

T00 1,000 Control
3 hours XX XX XX
18 hours XX XX XX

XX = Thiek Growth

A:4'disminodiphenylsulphide has no
effect on the growth of Bacillus 4Aertrycke in the

test tube.
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D. BACILLUS AERTRYCKE

COMPOUND X 4:4'diacetyldiaminodiphenylsulphide
DILUTION -~ Diluted 1 in 100 in sterile
broth.
STRAIN - Bacillus Aertrycke V

0.1 ml. of 18 hour culture

added to each tube.

Incubation Growth on Blood Agar
time before 1

sub~culture Dilution T100 Control
3 hours LX XX

18 hours 0 XX

XX = Thick Growth
- Sterile

4:4'diacetyldiaminodiphenylsulphide

has a bactericidal effect on Bacillus Aertrycke.
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D. BACILLUS AERTRYCKE

COMPOUND XI 3:5 dinitro-4-hydroxybenzene-
sulphonamide
DILUTION - Diluted 1 in 100 in sterile
broth.
STRAIN = Bacillus Aertrycke U

0.1 ml. of 18 hour culture

added to each tube.

Incubation Growth on Blood Agar
time before i [
sub-culture Dilution I00 Control
3 hours XX XX
XX
18 hours 584

XX = Thick Growth

3:5 dinitro-4-hydroxybenzenesulphonamide
has no effeect on the growth of Bacillus Aertrycke

in the test tube.
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D, BACILLUS AERTRYCKE
COMPOUND XTT Methylquinolylaminobenzenesulphon-
amide.

DILUTION = Diluted 1 in 100 in sterile

broth.

STRAIN = Bacillus Aertrycke V
incubation Growth on Blood Agar
time before 1
sub-culture Dilution T00 Control

3 hours XX XX
18 hours X XX

XX = Thick Growth

Methylguinolylbenzenesulphonamide has no

. effect on the growth of Baecillus Aertrycke in vitro.
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D, BACILLUS AERTRYCKE

COMPOUND X111 3-nitro-4-aminobenzenesulphonamide

DILUTION - Diluted 1 in 100 in sterile
broth.
STRAIN - Bacillus Aertrycke V

0.1 ml. of 18 hour culture

added to each tube.

Incubation Growth on Blood Agar
time before i

subsculture Dilution T00 Control
3 hours XX XX
18 hours X XX

XX = Thick Growth

Compound X111 has no effect on the

growth of Bacillus Aertrycke in the test tube.
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D. BACILLUS AERTRYCKE

COMPOUND X1V 2=-sulphanilylaminopyridine
DILUTION - Diluted 1 in 100 in sterile
broth.
STRAIN - Bacillus Aertrycke ©

0.1l ml. of 18 hour culture

added to each tube.

Incubation Growth on Blood Agar
time before P

sub-culture Dilution TO0 Control
3 hours XX XX

18 hours XX XX

XX = Thiek Growth

2-sulphanilylaminopyridine has no effect

on the growth of Bacillus Aertrycke in the test

tube .
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D.  BACILIUS AERTRYCKE

COMPOUND X¥ 1-4'di-(p-acetylaminobenzene~
sulphonyl )piperazine
DILUTION - Diluted 1 in 100 in sterile
broth.
STRAIN - Bacillus Aertrycke V

0.1 ml. of 18 hour culture

added to each tube.

Incubation Growth on Blood Agar
time before 1

sub=culture Dilution 100 Control
3 hours XX XX

18 hours XX XX

XX = Thick Growth

Compound XV has no effect on the growth

of Baeillus Aertrycke in the test tube.
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D. BACILILUS AERTRYCKE

COMPOUND XV1I  p-aminobenzenesulphonamide diazo
compound .

DILUTION - Diluted 1 in 100; 1 in 1,000
and 1 in 10,000 in sterile
broth.

STRAIN - Bacillus Aertrycke U
0.1 ml. of 18 hour culture

added to each tube.

g

Incubabtion Growth on Blood Agar
time before
sub=-culture Dilutions of Compound
i it i
T00 1,000 706,000 Control
3 hours XX XX XX XX
18 hours XX XX XX XX

XX = Thick Growth

Compound XV1 has little action on the

growth of Bacillus Aertrycke in vitro.
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D. BACILLUS AERTRYCKE

COMPOUND XVIT Piperidine~l-piperidino-acridone-
3-gsulphonate.

DILUTION - Diluted 1 in 100; 1 in 1,000
and 1 in 10,000 in sterile
broth.

STRAIN = Bacillus Aertrycke U
0.1 ml. of 18 hour culture

added to each tube.

Incubation Growth on Blood Agar
time before
sub-culture Dilutions of Compound
’ 1 1t
T00 1,000 10,000 Control
3 hours XX XX XX XX
18 hours XX XX b0 ¢ XX

XX = Thiek Growhh

Compound XV1l has no action on the

growth of Bacillus Aertrycke in the test tube.
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BACILLUS AERTRYCKE

COMPOUND XVILI

4:47dimethyldiquinolyl-2-2'"sulphide

Diluted 1 in 100 in sterile

DILUTION -
broth.
STRAIN - Bacillus Aertrycke V
0.1 ml. of 18 hour culture
added to each tube.
Incubation Growth on Blood Agar
time before L
sub-culture Dilution 100 Control
3 hours XX XX
18 hours XX XX

XX = Thick Growth

4:4'dimethyldiquinolyl 2~2'sulphide has

no effeet on the growth of Bacillus Aertrycke in

the test tube.
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D. BACILLUS AERTRYCKE

COMPOUND X1X 1:4 di-(p-aminobenzenesulphonyl)
piperazine.
DILUTION - Diluted 1 in 100 in sterile
broth.
STRAIN = Bacillus Aertrycke V

0.1 ml. of 18 hour culture

added to each tube.

Incubation Growth on Blood Agar
time before 1

sub-culture Dilution I100 Control
%3 hours XX XX
18 hours XX XX

XX = Thiek Growth

Compound X1X has no bacteriostatic or

bactericidal action on Bacillus Aertrycke.
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D. BACILLUS AERTRYCKE

COMPOUND XX Ethyl-4-acetylaminobenzenesulphonyl-
piperazine-l-carboxylate

DILUTION - Diluted 1 in 100 in sterile
brothe.
STRAIN - Bacillus Aertrycke V

0.1 ml. of 18:nour culture

added to each tube.

Incubation Growth on Blood Agar
time before 1

sub=-culture Dilution T00 Control
Zithours XX XX
18 hours XX XX

XX = Thick Growth

Compound XX has no action on the growth

of Bacillus Aertrycke in the test tube.
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D. BACILIUS AERTRYCKE

COMPOUND XXI Ethyl-4-aminobenzenesulphonyl-
Piperazine-]l-carboxylate

DILUTION - Diluted 1 in 100 in sterile
serum broth.

STRAIN = Bacillus Aertrycke V
0.1 ml. of 18 hour culture

added to each tube.

Incubation Growth on Blood Agar
time before .2

sub-culture Dilution 700 Control
3 hours XX XX

18 hours XX XX

XX = Thick Growth

Compound XX1 has little effeect on the

growth of Bacillus Aertrycke in vitro.
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D, BACILLUS AERTRYCKE

C OMPQUND XXIT p-aminobenzenesulphonamide coupled
with Arsonie Acid.

DILUTION - Diluted 1 in 100; 1 in 1,000
| and 1 in 10,000 in sterile
broth.
STRAIN - Bacillus Aertrycke U
0.1 ml, of 18 hour culture

added to each tube.

Incubation Growth on Blood Agar
time before
sub-culture Dilutions of Compound

1 1 1
T00 1,000 10,000 Control

3 hours p.d XX XX X
18 hours x XX XX XX
XX = Thick Growth

=1 - 2 colonies.

Compound XX11 has a slight grywth

retarding effeet on the Bacillus Aertrycke.
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PART IT

INVESTIGATION OF MODE OF ACTION

2. EFFECT OF THE VARIATION OF THE pH OF THE
MEDIUM ON THE ACTION OF N MLIDE .

In order to determine the effect of a
change in the pH of the medium in which the organ-
isms are growing on the bactericidal action of
sulphanilamide, varying amounts of acid and alkali
were added to tubes of broth, these tubes were
inoculated with streptococei, and a known concentra-
tion of sulphenilamide added. After ineubatio n
for 18 hours the pH of each tube was determined and
sub-cultures from the tubes were made on blood agar.
From the growth on the blood agar the extent of
bactericidal activity at a known pH was determined.
A similar experiment was carried out with the

Pneumococcus and with the Staphylococcus.

I STREPTOCOCCUS AND PNEUMOCOCCUS Strain B & X

18 hour cultures on agar. Test carried out in

serum papain broth emulsified and O.lml. added

to each tube.

Compound : p-aminobenzenesulphonamide.

Diluted in sterile distilled water 1 in 100 and 1

in 10,000.
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(a) Incubated for 2 hours and plated on blood agar.

———
f——

pH Sulphanilamide Streptococcus Pneumococcus
B X
8.3 il 0 0
100
- x x
14,000
0 (Control) XX X
T2 1 x 0
T00 ik
1 X =
16,000
0 (Control) XX X
6.8 1 X 0
T00
1 X 0
10,000
0 (Control) XX X
6.4 1 0 0
100
AL X 0
10,000
XX
0 0

= Thick Growth

= Growth :
= 1 -~ 2 colonies
= Sterile

oise pa B



- 238 o

(b) Incubated for 18nhours and plated on blood agar.

— e o
— — —_——

= -

pH Sulphanilamide Streptococcus Pneumococcus
B X
83 1 0 0
T00
1 | 0 0
10,000
0 (Control) XX x
Te2 1 0 0
T00
15 0 0
T0,000
0 (Control) xx X
6.8 1 0 0
100
i 0 0
10,000
0 XX 0
6.4 1 0 0
T00
1] 0 0
10,000
0 (Control) XX 0

XX~ Thick Growth
X = Growth

X = 1 - 2 colonies
0 = Sterile
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EI HAEMOLYTIC STREPTOCOCCUS, PNEUMOCOCCUS AND

STAPHYLOCOCCUS Strains A, X and N

18 hour cultures on agar emulsified and 0.l ml.

added to each tube of serum papain broth.
Compound: p-aminobenzenesulphonamide.

Incubated for 18 hours and plated on blood agar.
pH range 8.3 - 4.1

pH Streptococcus Pneumococcus Staphylococecus
Strain A Strain X Strain N
Alone I%E Alone T%ﬁ Alone I%ﬁ
Sulphan- Sulphan- Sulphan-
ilamide ilamide ilamide.
8.3 X 0 XX 0 XX XX
7D XX P X 0 XX XX
Tl X = XX 0 XX XX
6.8 0 X X 0 XX XX
6.1 ES 0 X 0 XX XX
5.6 = 0 0 0 XX XX
4.8 0 0 0 0 X X
4.1 0 0 0 0 0 9
X Thick Growth

1 - 2 ecolonies
Sterile

Olk B b

=
= Growth
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I1IT  HAEMOLYTIC STREPTOCOCCUS, PNEUMOCOCCUS AND
STAPHYLOCOCCUS Strains &, Q and N

18 hour cultures emulsified and 0.1 ml. added to

each tube of serum papain broth.

Compound.: p-aminobenzenesulphonamide

Incubated for 18 hours and plated on blood agar.
pH = 8.4 - 4.0

pH Streptococcus Pneumococcus Staphylococcus
Strain A Strain Q Strain N
1 1 il
Alone T00 Alone T00 Alone T00
Sulphan- Sulphan- Sulphan-
ilamide ilamide ilamide.
8.4 XX 0 XX 0 XX XX
7.6 XX 0 XX 0 XX 6%
7 o2 XX 0 XX 0 XX XX
6.8 Xx 0 X 0 XX XX
6.0 XX 0 . X 0 XX XX
S 0 0 0 0 XX XX
5.0 0 0 0 0 XX XX
4.6 0 0 0 0 3 X
4.0 0 0 0 0 X 0 |
XX = Thick Growth
X = Growth
X = 1 - 2 colonies
0 = Sterile

From these results it appears that in each
case any variation in the bactericidal and the bacter-
iostatic action of the sulphanilamide seems to be due
to the direet effect of the change in the pH on the
;*riébility of the organisms (as shown by the control

experiments) and not to the drug itself.
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PART TT  INVESTIGATION OFTHE MODE OF ACTION

3 EFFECTS OF VARYING THE OXIDATION REDUCTION
POTENTIAL

In view of the fact that the bactericidal
action of these compounds is very low compared with
their curative effect in vivo, the possibility
arises that the action in vivo takes place under
conditions of oxidation-reduction potential rather
.different from those which obtain in the living
organisms

Thus a series of experiments was carried
out to determine the bacteriostatic and bactericidal
action of p-aminobenzenesulphonamide using media
poised at different oxidation-reduction levels.

Alterations in the oxidation reduction
level were made by means 6f ascorbic acid and by
thioglycollic acid. A solution of ascorbic acid
or thioglycollic acid neutralised by means of sodium
carbonate was added in different amounts to serum
containing different dilutions of sulphanilamide .,
broth4 A guspension of actively growing strep-
tococecli was then‘added and the tubes were incubated
for 24 hours. At the end of that time sub-cultures
were made on blood agar plates and the Eh of the

broth cultures was determined by means of a series

' of oxidation-reduction indicators:
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phenol-indo-2:6 dichlorophenol
O0-cresol-indo-2:6 dichlorophenol
brillient cresyl blue
methylene blue
potassium indigo tetrasulphonate
potassium indigo disulphonate
phenosafranine
neutral red
The pH remained at about 7.6 throughout the experi-

ments.
A, ASCORBIC ACID Eh range-0.046 %0 0,217

SERIES 1 Sl 2 3 4 5 b

Ascorbic acid 75 50 25 10 5 0

in mgs.

Sulphanilamide 0 0 0 0 0 0

Streptococcal

suspension 0.1 0,1 0.1 0.1 0.1 1 Y
in mls.

Plated after
4 hours XX XX X XX XX XX

Plated after
24 hours XX XX XX XX XX XX

pH readings
after 24 hours A S A S A ST A ST S

Eh after =
24 hours -0+046' 0.011 0.047 0.047 0.115 0.217

XX = Thick Growth
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ASCORBIC ACID Eh range -0.046 to 0,217
SERIES 11 1 2 3 4 5 6
Ascorbic 75 50 2> 10 5 0
acid in

megs .

Sulphanil- T 1 1 1 i i 1
amide con- 100 TO00 700 @00 TI00 T00
centration

in media

Strepto-

coceci in 0,1 0.l 0.1 0.1 01 0.1
mls.

Plated after 0 0 0 0 0 0
4 hours

Plated after x
24 hours

pH readings 0 Sl S A TR TR 746
after 24 hrs.

Eh after 0,046 0.011 0,047 0.047 0.115 04217
24 hours

1%
o
1%

X 0

0 = Sterile culture

Xx = 1 or 2 ecolonies.
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ASCORBIC ACID Eh range-0.046 to 0.217

SERIES 111 1 2 3 4 5 6

Ascorbic
acid in 7 50 £2 10 5 0
mes .

Sulphanil- it 1 1 1 ik 1
amide con- 1000 T000 1000 TO000 T000 1000
centration

in media

Strepto-
cocei in 041 Q.1 0.1 (D) L Q.1 Bail

mls.

Plated after XX XX. XX X X B
4 hours

Plated after XX XX XX XX XX XX
24 hours

pH readings Tl 746 L 7.6 746 756 T6
after 24 hps.: )

Eh after
24 hours -0.046 0.011 0.047 0.8 0.115 0.217

Thiek Growth
1l or 2 colonies
Sterile culture

olbﬁﬁ
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B. THIOGLYCOLLIC ACID

Eh range -0.252 to

0.217

SERIES Z_ 7. 1 2

Thiogly-~-

colliec 1.0 0.8
acid in

mls.

0.6

0.4

0.1

0.0

Sulphan- 0 0
ilamide

Strepto-

coceal

suspen- 0.1 0.1
sion in

mls.

0.1

0.1

0.1

0.1

0.1

Plated
after 3 XX XX
hours

P

Plated

after 24 XX XX
hours

pH after 7.8 7.8
24 hours

7 o8

708

BEh after

24 hours -0.252 -0.52 ~0.025 -0046 0.0 0.19

XX = Thick Growth

0.219
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B. THIOGLYCOLLIC ACID Eh range -0.252 o 0.217

SERIES 11 1 2 3 4 5 6 7

Thiogly- 10 0.8 0.6 0.4 0.2 6.1 0.0
collie

acid in

mls.

Concen-

tration i i AL
of Sulph- TIO00 T00 100
anilamide

in mls.

00 T00 TOO

l.._l
Ol -
o,

Strepto-

coceal

susoen- Q.+l 0Ll " @k 0.1 G Joy 0.1 0.1
sion in

mls.

Plated
after 3 X X X X X X X

hours

Plated
after 0 0 0 0 0 X 0

24 hours
pH after 7.8 7.8 o8 Teo ! T.80 H8 " 7a8

24 hours

Eh after -0.252 -0.252 -0.125 -0.046 0.1 0.119 0.219
|24 hours

Growth
1 or 2 colonies
Sterile culture

olK K
nuan
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B. THIOGLYCOLLIC ACID Eh range -0.,252 to 0.217

SERIES 111 1 2 3 4 5 6 7

Thiogly-

collic 1.0 * 0.8 0.6 B4 02 6.3 0:0
acid in

mlS.

Concen-

tration

of Sulph- e 1 Al 1 1 1k ik
anilamide TO000 I000 1000 = I000 TI000 TOO0 TOO0

in mls.

Strepto-

cocecal

'S‘IJ.SpeIl— Ool Otl O.l O-l Oll 0.1 Oal
sion in

mls.

Plated
after 3 XX XX XX XX X XX XX

hours

Plated
after XX XX XX XX XX XX LD8
24 hours

pH after 7.8 = 7.8 T8 et | Tal " I8
24 hours

Eh after -0.52 =0.2%2 -0.15 -0.046 0.011 0.19 0.219
24 hours

XX =mThick Growth

The conclusion derived from these experi-
ments is that alterations in the oxidation-reduction
level within the limits of these experiments, appear
to heve no influence on the bactericidal and bacterio-

static action of sulphanilamide in vitro.
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PART 1l
INVESTIGATION OFTHE MODE OF ACTION

4.
POSSIBILITY OF THE FORMATION OF OXIDATION
N HAN d1DE.

One theory which has been put forward to
explain the activity of sulphanilamide is that in
the animal body it is changed to some substance of
a much greater bactericidal power. The French
investigator; Mayer (1937) holds that the active
agent is p~hydroxyaminobenzenesulphonamide while
Domagk and co-workers think that p-nitrobenzene-
sulphonamide is the active agent. Both these
views agree in suggesting that the hypothetical
active compound is formed by oxidation of +the
original substance. Attempts were therefore
made to ascertain whether a bactericidal compound ,
could be produced in vitro by oxidation of p-amino

benzenesulphonamide.

INCUBATION OF SULPHANILAMIDE WITH LIVER MUSH

The following experiment was carried out
in the attempt to oxidise sulphanilamide by oxygen

in presence of the enzymes of liver tissue.

The liver was removed from a mouse with
aseptic precautions, ground up with sterile sand

and saline, and the liver mush so obtained incubated

for/
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for 18 hours at 37°C (1) with a known concentration
of sulphanilamide (2) with the concentration of
sulphanilamide and ascorbic acid and (3) with
ascorbiec acid alone. The same experiment was
carried out both with and without aeration with
sterile air.,
Dilutions of the three solutions:

(1) Sulphanilamide

(2) Suiphanilamide plus Ascorbic acid

(3) Ascorbic Acid,
all after incubation with liver mush, both with and
without aeration, were then tested for their anti-
bacterial power, and compared with simple concen-
trations of the drug and Ascorbic Acid alone. This
experiment was carried out with the streptococcus,
with the pneumococcus, with the staphylococcus and
with Bacillus Aertrycke, and as in no case was there
any increase in the antibacterial power, no active
compound was developed during the experiment.

INCUBATION OF SULPHANILAMIDE WITH HYDROGEN PEROXIDE

A further experiment to try to isolate
gsome active intermediate compound from sulphanilamde
was carried out using hydrogen peroxide as the
oxidising agent. A known concentration of

' sulphanilamide was incubated with hydrogen peroxide

.and/
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and a trace of menganous sulphate (as a catalyst,
manganese is known th& be a carrier of Hp02), with
the hydrogen peroxide alone, and with a trace of
manganous sulphate alone. The tubes with these
solutions were evacuated to dryness in vacuo and
sufficient distilled water added to the residue to
give the original concentration of sulphanilamide.
A similar control experiment was carried out with
aniline sulphate in place of the sulphanilamide.
The sulphanilamide treated with hydrogen peroxide
and manganous sulphate, and the aniline sulphate
similarly treated, were then compared with fresh
solutions of sulphanilamide and aniline sulphate
for their bactericidal power. This experiment
was repeated several times and from the results
obtained using the streptococcus as the test organism,
it was concluded that no very active antistrepto-
cocecal compound was formed in these experiments.
In as far as these investigations gave
negativé results they were against the theory of
Mayer and others,though of course the possibility
exists that under conditions not yet investigated

the hypothetical intermediate compound might be

produced.
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SECTION TII DISCUSSION.

Before discussing the above experimental
results in detail it is perhaps desirable to refer
to certain limitations of the work end some special
difficulties which were encountered.

In the animal experiments with all four
organisms certain difficulties were encountered in
connection with the standardisation of the lethal
dose of the bacterium. These experiments were
carried out over a period of two years, and frequent
sub-culture of the organisms and storage on artifi-
cial media caused a certain loss of virulence of the
various strains. Though the virulence could
generally be increased again by animal passage, in
' some cases it was difficult to raise it sufficiently
for practical work, and such strains had to be dis-
carded. Thus, every compound was not tested
with the same strain of a particular organism.

Hog's gastric mucin made up in a 5% sus-
'pension was in many cases used to increase the
virulence of the haemolytic streptococcus, the
staphylococcus and of Bacillus sertrycke. The
exact nature of the part played by this material in

'augmenting the lethal action of the bacteria is a

;matter/



=~ P50 =

matter of some doubt, and though the introduction
of another extraneous and variable factor is ob-
viously undesirable, with organisms such as the
staphylococcus it is unavoidable. Mucin controls
were of course included in each experiment. On
some occasions additional difficulties were encount-
ered owing to the toxie action of muein which had
been kept for some time but satisfactory results
were obtained by the use of only fresh solutions.
The cause of this curious deterioration of the muein
was not discovered. Experiments carried out to
test its sterility showed that there was no contamin-
ation by bacteria or fungi. However, three
separate samples developed this toxiecity in each
cage after the solution had stood for several weeks.
Fresh solutions were always inocuous.

The relative insolubility of some compounds
in a neutral medium and the consequent employment
of suspensions resulted in certain limitations of
accuracy of dosage in these cases. In a few
instances it was even difficult to prepare a suitable
suspension but even in such cases it was found
possible to make the dosage sufficiently accurate
for the purpose. The:consistency ofithe results
in a number of animals is an indication of this in

the case of the therapeutically active substances.
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With the soluble compoﬁnds accurate control
of dosage was naturally a much simpler matter.

The relation insolubility of some compounds
also gave rise to difficulties in the in vitro exper-
iments.

Unfortunately it was necessary to limit
the testing of compounds in vivo on the pneumococcus
and it has not yet been possible to test the lsgt
ten compounds on this organism.

It may be observed that in all the experi-
ments the compounds were administered orally to the
mice. Actually in the case of sulphanilamide
certain experiments were carried out using the sub-

cutaneous method but the protection afforded appeared

to be less. b This is in accordance with various
(Barlow (1937))
observations in the literature. /- It is perhaps

rather surprising that insoluble compounds with
relatively large molecules like diaminodiphenyl-
sulphide are active whéh administered by mouth as
‘difficulties of absorption might be expected.

DISCUSSION OF THE ACTIVITY OF VARIOUS COMPOUNDS
ON DIFFEREN TERIA.

Many attempts have been made to discover
'a direction.in which to modify the structure of the
simple p-aminobenzenesulphonamide, the general aim

being to try to obtain new compounds with the lowest

‘possible/
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possible toxicity influencing the greatest number of
bacterial diseases, and especially a compound of low
toxicity having a curative action against pneumo-
coccal and staphylococcal infections.

A consideration of the results obtained
with various new compounds on streptococcal infections
reveals that one of the most interesting results of
the investigations described is the relatively high
- antistreptococcal activity of Z-nitro-4-hydroxy-
benzenesulphonamide. All the sulphur containing
compounds previously found to exercise marked chemo-
therapeutic activity against septicaemias caused by
the haemolytic streptococcus have an amino group or
a group which can be easily converted into the amino
group, €.g8., the nitro group, eother free or substi-
tuted in the para position in the benzene ring.

The activity of this new compound indicates that this
rule is not general and suggests that it 1s important
to prepare and test other derivatives possessing the
3-nitro-4-hydroxy grouping. It will also be
noted that the toxicity of 3I-nitro-4-hydroxybenzene-
sulphonamide is slightly less than that of sulphanil-
amide.

If one attempts to draw an analogy between

the antistreptococcal drusg of the salvarsan group,

where/
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where the element arsenic plays the central role and
the antibacterial drugs of the sulphanilamide group
wherelthe element sulphur takes the place of arsenie,
the relation of 3-nitro-4-hydroxybenzenesulphonamide
tb p-aminobenzenesulphonamide is somewhat analogous

to that of stovarsol to atoxyl (p-amino arsonic acid).

_~0H OH
\ OH N\ OH
NHCOCH3
0H NHp
Stovarsol Atoxyl
S0,NH, S50,NH,
(/k\ N0,
OH NHp
Z-nitro-4-hydroxybenzene- Sulphanilamide
sulphonamide

In the case of the arsenicals stovarsol
has a hydroxyl group in the para position and a
nitrogen containing group, an acetyl amino group, in
the meta position to the arsenic while atoxyl has
an amino group in the para position.

Correspondingly in the case of the sulph-
anilamide derivatives where sulphur takes the place

of arsenic, 3-nitro—4-hydroxyhenzenesulphonamide

resembles/



r 256 =
resembles stovarsol in having a hydroxyl group in
the para position and a nitrogen containing group,
the nitro group, in the meta position to the sulphur
while sulphanilamide like atoxyl has an amino group
in the para position.

For a close analogy one would expect 3-
amino-4-hydroxybenzenesulphonamide to be active and
that the nitro compound would be reduced to the amino
compound in the animal body. Unfortunately, the
amino compound was found to be ptactically inactive.

Another compound showing definite anti-
streptococcal activity is 3-nitro-4-aminobenzene-
sulphonamide. The curativé power of this com-
pound in mice haemolytic streptococcal infections is
of almost the same value as that of 3F-nitro-4-hydroxy-
benzenesulphonamide, though it does not give complete
protection, and mice which have apparently recovered
may die after several weeks from a haemolytic strep-
tococecal infection. It is interesting to note
that Tréfonﬂgl et al.(1937) reported this compound
inactive.

During the course of thgse investigations
it has fairly often been found that mice which have
apparently recovered as the reult of treatmeﬁt with
one of these compounds may suffer from recurring or
chronic infections. Such mice may die from the

original infection after 6 to 8 weeks and a pure

culture/
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culture can generally be isolated from the organs,
or if the mice are Xilled at the end of this time a
chronic infection may be found. Thus a compound
found to be apparently therapeutically active may in
faet only postpone death fof several weeks or convert
an acute condition into a low grade chronic one.
These recurring infections were found in several
experiments with the streptococcus and also with the
staphylococcus.

Two other compounds showing definite anti-
streptococcal activity are 1l:4 di(p-aminobenzene-
sulphonyl) piperazine and its acetyl derivative,
l:4%;-acetylaminohenzenesulphonyl) piperazine. The
first compound msy be regarded as two molecules of
sulphanilamide joined by two ethylene linkages, while
in the second, two acetyl groups have been introduced
in addition. It is therefore perhaps not sur-
prising that they should be chemotheraspeutically
active. It is interesting to compare the structure
of these two compounds with that of diaminodiphenyl-
'sulphone and its acetyl derivative, didcetyldiamino-
'diphenylsulﬁhone. In all four compounds, the
grouping 802-C6H44NH2 or S0,-CAHy~NH,AC is very pro-
minent. The piperazine compounds are however

much less toxic than the sulphones, and also it would

‘seem less active.
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M. & B. 693 (2-sulphanilylaminopyridine)
was found to have a sfrong curative action against
mouse streptococcal septicaemias, lOC per cent of the
infected animals recovering completely. The toxieity
of this compound for mice is about 100 mgs. per 20
gram mouse, that is slightly less toxie than sulphanilamide.

In the cage of pneumococcal in-

fections a slight death delaying action was found
using some of the 1% substances tested but no true
protection power was shown by any one of them. The
antipneumococcal action of M.& B. 693 was not examined.

In the case of staphylococcal infections
in mice treated with the series of compounds almost
uniformly negative results were obtained with one
or two exceptions, Thus, the antistaphylococcal
activity of 4-4'-diacetyldiaminodiphenylsulphide is
of some interest. Though the activity of this
compound against the staphylococcus is not very great,
under favourable conditions it does delay death by
about 4 days, and this indicates that antistaphylo-
coccal action is not limited to certain sulphonamide
derivatives but belongs also to other classes of
sulphur containing compounds. Another compound
showing a slight antistaphylococcal action was 1:4

di(p-acetylaminosulphonyl) piperazine which with a

dose/
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dose of organisms killing 75 per cent of the mice
in the control group, showed a definite protective
action for the treated mice. It is rather sur-
prising that this compound and 4:4'-diacetyldiamino-
diphenylsulphide, both being acetyl derivatives of
inactive compounds, should themselves show a slight
degree of activity. In the case of the action of
sulphenilamide on the streptococcus the acetyl deri-
vative has in general been shwwn to be very much less
active than the parent base. A third compound
showing a slight protective action on staphylococcal
infections in mice was M. & B. 693 (2-sulphanilyl-
aminopyridine). As this compound has been used
with success, clinically in staphylococcal infections
(Fenton & Hodgkiss,1938) it may be expected to show
some death delaying action on staphylococcal infec-
.tions in experimental animals. From the 16
compounds examined for therapeutic activity against
Bacillus Aertrycke infections of mice only one,
‘p-aminobenzenesulphonamide had any action, and that
was only to delay death of the infected animals by

some hours.
| ACTION OF COMPOUNDS ON BACTERIA IN VITRO

The results of the experiments in these
tests are summarised in the table on page 15¢
In no case is the bactericidal value of the compounds
in vitro sufficiently great to account for the high
‘ecurative power as shown by compounds such as p-aminé- ﬁ

benzenesulphonamide and/
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and M. & B.693 against haemolytic streptococcal
infections of mice. Compounds such as acriflavine
it will be recalled exhibit a bactericidal action
at a dilution of about 1 in 500,000 and yet show
little curative power in experimental infections.

Some compounds such as p-aminobenzene-
sulphonamide coupled with p-hydroxybenzenesulphonamide
and. the two guinoline derivatives show a definite
bacteriostatic effect against the haemolytic strepto-
coccus, and yet, they have no curative action on a
haemolytic streptococcal septicaemia in mice. The
gquinoline derivatives have also a slight bacterio-
static effect on pneumococcal, staphylococcal and
Bacillus Aertrycke cultures, though neither compound
has any effect in vivo against these organisms. This
bacteriostatic effect is probably related to the
presence in the molecule of a phenolic hydroxyl group
.and probably has no connection with the sulphonamide
grouping. The bacteriostatic effect of 4:4'di-
'gcetyldiaminodiphenylsulphide on the staphylococcus
iand on BacillusnAertrycke is of definite interest.
‘A slight parallelism can here be drawn between the
in vivo and the in vitro results as 4:4'diacetyldi-
aminodiphenylsulphide has a definite curative effect
on mouse staphylococcal sepbticaemia, but this com-

ipound has no action on a Bacillus Aertrycke infection

Ein/
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in mice, though there is an effect in vitro. One
of the relatively active antistreptococcal compounds
in the animal experiments was 3-nitgo-4-hydroxybenzene-
sulphonamide and this compound also had a antibacterial
effect for the haemolytie streptococcus in the test
tube. The failure of compounds such as M. & B.
693, 1l:4'di(p-aminobenzenesulphonyl)piperazine, and
1:4 di(p-acetylaminobenzenesulphonyl) piperazine, to
show antistreptococcal activity in the test tube is
rather surprising in view off their curative powers
in the experimental animal. - It can be seen that
there is no very clear cut parallelism between
Table I and Table 1I, and yet there are certain
points of similarity such as those just mentioned
above. The failure to find any parallelism is
not inconsistent with the view that the bacteriostatic
action of these compounds is connected with the
mechanism of their action. This question will
be discussed more fully in the next section.

MECHANISM OF ACTION

There are at the moment three explanations
‘which are probable factors in the mode of chemo-
therapeutic action of the sulphanilamide compounds.
The first of these describes the mecheonism as the
purely bactericidal action of the drug on the bacteria.

.It igs conceivable that these drugs act as 'internal

antiseptics' in/
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in the body and that there is a direet lethal action
of the organisms in the blood and tissue, and though
prontosil does not possess antibacterial powers in
vitro, it has been shown that the blood of patients
treated with it possesses an increased lethal action
towards the streptococeci. The relatively high
killing power of sulphanilamide in blood as compared
with water (Buttle et al, 1937) explains in part the
high bactericidal power of sulphanilamide in the
blood of experimental animals. However, in vitro
experiments do not give suffieient support for a
purely hactericidel explanation and there certainly
must be some other factor concerned.

The second view, that neither prontosil nor
p-aminobenzenesulphonamide act as such in the animal
body, but are converted to some very much more active
substance has been advocated. Such a theory
would explain differences between the in vivo and the
in vitro effects, and would be consistent with the
variation shownﬁby different animals in their sus-
ceptibility to the curative action of the compounds.
This hypothetical intermediate compound was at one
time ‘thought to be a stage in the oxidation of
sulphaenilamide in the body. Domagk thought that
the active agent was possibly p-nitrobenzenesulphon-

amide whereas Mayer thought the hydroxylamino

derivativé/
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derivative of sulphanilamide was responsible for its
high curative action in vivo.

According to the third theory sulphanilamide
and relsted compounds produce an action on the
defence mechanism of the bacteria of such a type
that they are readily attacked by the leucocytes
and possibly other elements of the defence mechanism
of the body. This theory is not inconsistent
with the second view as an intermediate compound
might be the active agent. This is almost
certainly the case with the original prontosil dye-
gtuff which has no action in vitro and is reduced in
the body to sulphanilamide which is active. However,
the distinctive feature of this theory is the im-
portant role assigned to the leucocytes in actively
attacking the bacteria maimed but not killed by the
chemotherapeutic agent.

As suggested abowé there are strong reasons
for believing that the sulphonamide derivatives can
act simply in virtue of their bactericidal effect
(Theory I) though the failure to obtain any close
parallelism between in vitro and in vivo results may
be regarded as evidence against this theory. There
did, however, seem to be the possibility that al-
though the compounds exerted relatively weak bacteri-
cidal sction under the ordinary conditions employed

in the test tube, a modification of certain factors

might result in a great intensification of activity.
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It is well known that the bactericidal action of
compounds such as phenol is influenced by the pH
of the medium. It was possible, therefore, that
the modification of the pH and Eh of the environment
might markedly modify the baétericidal action of
sulphanilamide. The experiments recorded on
pages 236 - 247 showed that this does not occur.
This would seem to decrease the probability that
the direct action of the compounds in the body is
substantially intensified as compared with that ob-
served under conditions of testing in vitro.

With regard to the second theory there is
an absence of conclusive evidence in favour of any
particular intermediate compound increasing the
activity. The failure of the catalysed oxidation
experiments described on pages 248 - 250 to give
positive results is slso against the second explana-
tion though of course the possibility exists that
under conditions not yet investigated the hypothetiml
| intermediate compound might be produced.

We come then to the third of above mentioned
theories, and it may be said at once that while the
'work described here was in progress a considerable

amount of evidence has been published which gives
istrong support to this explanation, in particular

we may refer to the work of Fleming (1938) who

desceribed/
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in vitro experiments on the action of M, & B. 693

on pneumococci and streptococci. Fleming found
that M. & B. 693 retarded the growth of these organisms
in human blood and that leucocytes were necessary

for bacterial destruction.

The results which are presented in this
thesis although not affording any positive proof of
this theory are consistent with it. Thus, it
is easy to understand why negative results were ob-
tained in experiments with pH and Eh and on catalysed
oxidations. Furthermore the absence of any
vigorous parallelism between the in vivo and the in
vitro experiments is also not surprising.

Whitby (1938) found that after treatment
with M. & B. 693 pneumococci éxhibited degenerative
features such as destrustion of the bacterial capsules.
Telling and Oliver (1938) believe they have confirmed
this result. However, Fleming (1938) and Long
and Bliss (1939) have been unable to see specific
changes in the capsules of the pneumococci. Evi-
dence of damaged forms of organisms is of course in
%avour of the above theory of the mechanism of action.
#t maey be added that ceftain suggestions put forward

ihat sulphonamide compounds have some other favourable

hction/
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action in the infected animal body such as the
stimulation of the leucocytes or neutralisation of
bacterial toxins. These effects of course are
not inconsistent with the third theory of mechanism
of action and would obviously help in promoting it.
However, it may be said that the evidence, at least
in the case of toxin neutralisation, is somewhat
conflicting.

. Thus, the evidence at present available
would seem to jus tify us in concluding that sulph-
anilamide, M. & B. 693 and presumably other related
sulphur containing compounds, exercise their curative
action on the animal body by damaging the infecting
bacteria in such a way as to restrict their multi-
plication and damage their protective mechanism against
the leucocytes and other defence factors in the
animal body, at the same time the compounds appar-
ently exert no appreciable toxic effects on the

' leucocytes and may even stimulate them to increased
(activity. The remult is that these natural
:defence mechanisms of the animal can deal effectively

with the infeetion and bring about cure.
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SUMMARY AND CONCLUSIONS

1, From the 20 compounds tested for their
chemotherapeutic action against mice infected with
the haemolytic streptococcus, p-aminobenzenesulphon-
amide, M. & B. 693, (2-sulphanilylaminopyridine),
3-nitro-4-hydroxybenzenesulphonamide, 3-nitro-4-
aminobenzenesulphonamide, 1:4di(aminobenzenesulphon-
yl)piperazine and 1:4 difacetylaminobenzenesulphon-
yl) piperazine showed definite activity. of
these 6 compounds, p-aminobenzenesulphonamide and
2-sulphanilylaminopyridine are already known to
have antistreptococcal properties while 3-nitro-4-
aminobenzenesulphonamide has been reported inactive.
Investigations in the curative properties of the

two piperazine derivatives, and of 3-nitro-4-hydroxy-

benzenesulphonamide have not been before reported.

25 Against a pneumococcal infection in mice
p-aminobenzenesulphonamide had a slight death
delaying effect, but the other 12 compounds examined;

were inactive.

3 Using the gtaphylococcus as the infecting
organism, diacetyldiaminodiphenylsulphide and 1:4

di(acetylaminosulphonyl)piperazine had/
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had a protective action on the infected mice, while

| M. & B. 693 (2-sulphenilylaminopyridine) delayed

- death in the animals injected with the staphylococcus

and fed with this compound.

4, No protective power could be demonsgtrasted

f with any of the 20 compounds against mice infected

- with Bacillus Aertrycke.

5e With some of the compounds a bactericidal
effect was evident in vitro against the streptococcus
and the pneumococcus, but against the staphylococcus |
and Bacillus Aertrycke there was little effect from |
any of the compounds. The results of the in
vitro experiments do not run parallel to those ob-
tained in the animal experiments, thus the effect in

the animal body must be other than a simple bacteri-

cidal one.

6. The results are against the suggestion
that the special conditions of animal tissue in
respect of pH and Eh might modify the bactericidal

action observed in the in vitro results.

7 o No'evidence could be obtained, from

attempts to oxidise sulphanilamide by atmospheric

oxygen/
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. oxygen in presence of enzymes or of manganese salts,
- that a highly active oxidation product could be

: formed.

8. The bearing of these results on the

- mechanism of the action of sulphanilamide is dis-

cussed.
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