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INTRODUCTION




Chemotherspy, the treatment of infections by
compounds of known chemical constitution, had its first
successes in combating general infections due to
protozoa and spirochaetes, but the discovery of drugs
suitable for use ir general infections due to bacterial
invasion has proved less easy. Local bacterial infections
may be treated successfully by means of compounds which
possess powerful antiseptic properties and can be applied
to readily accessible local lesions in sufficiently
concentrated form to damage the vitality of the organisms
without undue harm to the surrounding tissues. But
whenever a bacterial infection becomeé generalised it is
Obvious that the therapeutic agent must be a substance

which can be adwministered either orally or by injection



to the host without toxic effects, and which will diffuse
into the tissues in such a way as to meet the invading
organisms in adequate concentration for their death or

attenuation,

In 1935, Domagk (24) used a red dyestuff "Prontosil"

(4'=gulphonamido~2: 4~diaminoazobenzens)
NHy,

. S0, -Q-N._:N-@wz

to treat experimental bacterial infections in mice and
rabbits with promising results, and in the same year the
Tréfousls, Nitti and Bovet (112) confirmed these results

and suggested that the activity of this azo-dye was due to .
its breaking down in the tissues of the infected host with
thé formation of a less complex compound, p=aminobenzene-
sulphonamide, which they then used successfully in the
treatment of haemoiytic streptococcal infections in mice,

This comparatively simple compound

H N Osoz‘ NH,

p-aminobenzene-sulphonamide or sulpbanilamide may therefore
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be regarded as the parent substance to which the many
related compounds since suggested for therapeutic trial may
be compared. It bhad long been known as a synthetic
organic compound (Gelmo, 35) but had not been previously
employed as a synthetic drug. |

Among the new drugs obtained by substitution in or
addition to the sulphanilamide molecule are seVeral'of
equal or greater therapeutic activity., It has also been
stated that they may vary in efficacy according to the
particular type of infection against which they’are used,
In addition, certain drugs of "sulphone" structure have
proved specially effective in freating haemolytic strepto=
cocecal infections in mice. From the large series of
sulphonamide drugs tested in this laboratory for therapeutic

effect, the following three sulphones have been chosen

for study slong with sulphanilamide:

e te s _ '
H,ﬂ-@- SOZD—N Hz 4:4'-diamino-diphenyl sqlvphone, |

=



e

CHyC0. HN-G >-50,~ 3-NH, 43 4" 000 ace tyl—diamino-

diphenyl-sulphone.

cHco.HN-§ )50, aynncocy 4i4'-discetylamino-diphenyl-

sulphone,
All four com@ounds were supplied by Imperial Chemical
Industries Ltd,(Dyestuffs Group).

In considering the antibacterial properties of the
three sulphones and sulphanilamide, it was first necessary
to determine their toxicity for the particular species of
animal to be employed in trials in yvive. Section I of
this thesis describes investigations made on the
solubility’of each drug, the possibility of its use in the

- form of a dispersion when solubility was low, the best
metbod of adwministration, assessment of the maximum dose
tblerated, and the rate of absorption by and excretion
from the body. Next foilowed the choice of a suitable
experimental infection against which the action of the
four drugs might be compared. Such an infecgion must be

capable of producing a uniform course in successive series
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of experiments, and the choice of suitable strains therefore
takes into account many characteristics of the orgénisms -
virulence, presence or absence of capsules, effect of low
temperatures on fluid cultures, and ease of maintenance.

An unexpected finding in the case of omne of the strains

of streptococci employed was the development of capsules
&uring serial passage of the strain through normal animals
and this altered character had an interesting effect on

the response to therapy. An account of the gensral
technique of the therapeutic experiments and of the results
obtained is given in Seotion II. Ireatment by means of |
the fbui drugs was carried out prophylactically, immediately
after inoculation, or some hours after inoculation, and
fragctions of the maximum dosage were also tested to find
out the possible therapeutic range. Combined treatment
with more than one drug and the effect of p=sminobenzoic
acid on the resulis of trgatment were investigated in
addition; |

In studies hitherto published little or no attempt
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had been made to follow the course of infection from day to
day in treated mice, and a method was devised by means of
which the bacterial content c¢f the blood was examined at
regular intervals, It was found that with slowly excreted
drugs, such as the monoacetyl-sulphbone, it was possible
for a treated mouse, apparéntly in normal health, to carry
in its blood for a considerable period of days abundant
organisms which were lacking in virulence towards their
present host and yet could cause fatal septicaemia when a
minute drop of this blood was used to infect a fresh animale
Such observations, of which a preliminary report was given
by Browning and Leckie (13), are described in detail in
Section III, and their significance is discussed in
coqﬁidering the mode of action of the sulphonamide drugs
in vive,

Studies of the antibacterisl action of the sulphonamide-
drugs should include investigations of the mode of action
in the test-tube even although views based on conditions

in vitro do not really take into consideration the constant



P
variation in environment provided in the tissues of the
host and so may be mainly of academic interest, The very
variable resulis obtained from in vitro investigations
of the influence of the drugs on the growth of organisms
are dealt with in Section IV,

It has been stated that "drug-resistant" strains of
organisms may develop in the course of treatment with
sulphonamide drugs, gnd it would naturally be expected
that similar strains might be developed by repeated
transfer of the orgenisms in nutrient medium containing
the drug. Although success by such methods has béen
claimed in the case of the pneuwococcus by several
workers?'ﬁhe streptocbccus has so far proved a more
difficult problem. No evidence of acquired drug-
'reSistance has been found in the course of the author's
experiments in vivo, but the possibility of the development
of such strains both in vivo and in vitro must be
considered, Tne published results are therefore discussed

also in Section IV along with certain of the present
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author's experimental findings.

In Bection V the various theories to account for the
curative effect of the sulphonamide drugs are reviewed in
tﬁe light of all the experimental results in conjunction
with published data, This attempt to explain the action
of the sulphonamides within the living host stresses the
importance of the part played by that host in conducing to
cure of the infection.

In addition to the autbor's own findings certain
results in this thesis have been included by permission of
Professor Browning under whose supervision the research‘
has been carried out in the Deﬁartment of Bacteriology.
Such results are clearly indicated in both text (pp. 20,
48, 52, 53, 54, 55, 56, 63, 66) end in Tables III, VIII, Ix;4‘
X, XII1, X111, XIV, XV, XVI, XXIII.

The author ié indebted to Imperial Chemical Industries
Limiﬁed»(byestuffs Group) for suppiies of compounds and also

for support of part of the investigations.



SECTION I




SOLUBILITY.

Thg first step in investigating the properties of a
oompound.gf possible antibacterial activity in vivo is the
assessment of its toxicity for the particular species of
animal ﬁo be employed in the therupeutic trials, The
toxicity of a drug is closely bound up with its solubility,
The compound may be readily soluble in water, but the solution
may be either too acid or too alkaline to be administered
to the body by any route until itﬁhas been neutralised.
Again, it may be insoluble in‘watery medium, in which case
it is unlikely to be absorbed by the bady at all and will
- elither form an inert mass in the tissues at the site of
subcutaneous injection or else be completely excreted in
an unchanged condition after oral administration. Between

-

these two extremes lie compounds of sparing solubility in
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watery medium for some of which a suitable vehicle must be
devised before they can be administered. iiost frequently
such compounds are finely ground and prepared as aqueous
”diSPersions with or without the addition of a trace of a

chemical dispersing agent.or a small amount of gum acacia.

FORMATION OF DEROT OF DRUG.

These dispersions are suitable for both oral and
subcutaneous administration, especially the latter. A
depot of drug is formed at the site of injection ana\is
gradually absorbed by the animal over a period of days or
even weeks depending on the relative solubility of the
drug in the body-fluids, This has the effect of maintaining
a concentrgtion of drug in circulation without further
administration and is therefore especially suitable in the
case of the sparingly soluble sulphones. It is only logicai
that whereas a aighly soluble or readily absorbed drug
has to be administered sufficiehtly frequently to maintain“

an adequate concentration in the body-{luids, a less

soluble drug may well be given to mice by a single
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subcutanseous injecition, or divided over iwo or three such
injections when the toxic effect due to absorption following
a single large dose mighl prove critical, and the depot

of drug so formed be then gradually absorbed by the body-
\fluids. It is presupposed, of course, that absorption
will proceed more or less continuously, and it has been
verified in the case of the compounds discussed in this
thesis that the depot does not become encystled and so, as

it were, walled off, but that absorption takes place until
there are no visible traces of deposit at the site of
injection. Colebrook et al.(2l) in treating a haemolytic
streplococcal infection in mice gave a subcutaneous ‘
injeétion of a strong suspension of Prontosil and found

that the depot of dye so formed became gradually absorbed

by the animal‘fbr days or weeks, and that this produced
very successful therapeutic resulis, but a survey of the
literature shows that only very few other workers with

the sparingly soluble drugs have.administered them

subcutaneously, Long and Bliss (67, p.20) favour drug
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sdministration per os for the less sbluble compounds,
although, on the other hand, they comsider (67, p.52) that
figures for acute toxicity of the less soluble compounds
arrived at on the basis of oral dosage are valueless becausge
of the large proportion of unabsorbed drug excreted as an

essentially inert substance,

SULPHANILAMIDE.

Sulphanilamide is a whitle powder, moderately soluble
in hot water, only slightly soluble in cold water. A
solution of 1:100 is obtained by heating almost to boiling-
point in the requisite volume of water and allowing the
solution to cool to body-temperature at which it is
suitable for injection, Some workers prefer to make up
& suspension of the finely powdered drug in water
containing 4 to 10 per cent, gum acacia, especially when
oral administration is to be employed.

A pummery of the published results for the toxicity
of sulphanilamide for mice by oral and subcutaneous

administration is given in lable I and shows considerable
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variations. #ith oral dosage, from 70mg; to 125mg, is
given as a maximum tolerated dose, 200mg; or more eausing
death; Results of subcutaneous dosage are still more
varied, the lethal dose being placed as low as 50mg. and
as high as 120mg, . However it must be taken into account
that several different preparations of the drug were used,
and that, owing to slow absorption of drug from oily
dispersions, presumably 120mg. in olive 0il would have 1o
be administered to give the same effect as 50mg. of the
drug in agueous solution, thus explaining the apparent
disparity in these two values for the lethal dose.
Colebrook (19) gave a series of five doses of
sulphanilamide intraperitoneally to mice, a total of
40mg, per 20g. mouse, over a period of 72 bours, and
found this to be non-toxic and well tolerated, Yet
another method of administration not referred to in the
table is that of Litchfield et al.(61) who incorporated
the drug in the normal feeding of mice. ihey first

studied the normsl feeding-periods and ascertained that
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after tThe initial 24 hours, during which tThe animals
became accustomed to the particular diet, there were six
to eight fsedings equally spaced over each 24 hours,
lhey then included not more tham 2 per cent, of
sulpbanilamide in the normal food and studied the
concentration of drug in the Dblood. After 1 to 2 days
the mice showed a steady concentration of sulphanilamide
in the blood as their intake of the new diet became
regular, Litchfield claimed that an effective drug level
in the blood was easily maintained by this method of
administration.

ihe estimation of the concentration of sulphanilamide
in the blood or urine may be carried oul by means of a
colorimetric test based on the diazotisation and coupling
of the amino-group in the sulphanilamide molecule. lhis
method was first suggested by Fuller (31) and by
Marshall et al.(74) and gsince then various modifications
Qf the original test have been adopted. Several

coupling compounds have been suggested for combination
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with the diazo-compound, the criteria being that the
aétion is independent of the presence of excess nitrous
acid, and that there is rapid production of a soluble
and relatively stable colour, N-3=- éulphatoethyl~
'g-toluidine has proved a reliable reagent especially when
dealing with very small amounts of blood (Rose et al.,97).

As regards sulphanilamide, all the necessary data
as to estimation in the blood and urine are already
available in the literature, but the sparing solubility
-of the sulphone drugs has presented ceriain difficulties.
Considered purely'as chemical analysis, it is apparent
that the small concentrations reached in blood or urine
are quite unsatisfactory for reliable coloiimetrie
resulis, especially with the minute quantities employed
when the éxperimental animal is the mouse;

ihe distribution of sulphanilamide throughout the
body after administration and also the raie of excretion
of{the drug have been studied by many workers, and while

much of the publishbed work was carried outl on larger



animals (dogs, rabbits, etc.,); only that dealing with
drug concentrations in the mouse need be considered here.
Feinstone et 8l.(26) with a single subcutaneous injection
of 6 to 10mg, per 20g, mouse, found tpat the maximum

blood concentration was reached in one hour, and only a
trace could be found after 9 to 10 hours; With oral

. edministration the values were lower., larshall et al.(72)
detected no difference in the rapidity of rise % a
maximum blood concentration following different methods

of administration. ihe value reached a maximum in 3 To

1 hour and had fallen to a low level in 5 to 6 hours;

Hoare (46) noted toxic symptoms - incoordination of limbs,
difficulty in walking, etc. = after a subcutanecus dose

of jamg;, but recovery took place in about 6 hours. Long
et g;;(65) also observed‘toxic symptoms following two dosés
each of 9mg, given subcutgneously at an interval of 3 hours,
but these disappeared within 4 hours, From consideration
of the above observations on absorption and excfstion‘it

seems necessary to give regular doses of sulphanilamide
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every few hours in order to maintain a sufficiently high
concentration in the blood To bring about the desired

therapeutic effect.

Author's Experiments.

lhe mice used for all the toxicity and therapeutic
estimétions were healthy animals weighing 18 to 25g..
ihey were kepl separately, each in a glass jar (9" high,
53" diameter, fitted with a wire gauze lid) containing
4" dry sawdust and changed at weekly intervals. Feéding
congisted of a daily allowance of a 1" cube of stale bread
soaked in a mixture of equal paris of milk and watler,
while a supply of about 3 to 5g. of oats was introduced
with the fresh sawdust each week. All the doses of drug
féﬁ#en.in the text and in the tables are calculated for a
mouse of standard weight - 20g.

Table’II summarizes the results.obtaineﬁ experimentally
with sulphanilawmide. Doses of up to 100mg. were tolerated,
and altbough 2 Qice died following administration of

133mg,, other mice were unaffected by 167mg. and 200mg..
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ihese large doses, however, are necessarily given in the
form of suspensions of the drug, and thgrefore the rate of
absorption into the body~fluids is the deciding factor in
determining toxicity. No marked toxic sympitoms were
observed apart from a temporary loss §f Weight in some
cases; |

While Litchfield's drug-~dietl method (p. 13) of
fédministration of sulphanilamide appeared to have a greatl
deal in its favour, early results with large parenteral
doses of sulphanilamide in experimental haemolytic
streptococcal infections gave such favourable resultis
(see Table VIII) that subcutanecus dosage was continued,
especially as this was the most suitlgble method of adminiéé
tration of the sulphone drugs which were being compared
with,sulphanilamide; A unifbrﬁ.method in comparing the
two types of drug appeared desirable even although there
seems o be no chemical relationship beilween the sulphones
and sulphanilamide which would explain the chemo therapeutic

action of the former in some such manner as that of
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Prontosil (see pe 2).

As regards absorption of sulphanilamide, even a large
dose of 167mg. injected subcutaneously in the form of a
suspension was found T be completely absorbed by the
tissues when the mouse was examined post mortem six days
later, no trace of any undissolved drug being visible at

the site of injection,

4:4'-DIAMINO~DIPHENY I~SULPHONE,

4:4'~-diamino=diphenyl~sulphone was first investigated
by Buttle et al.(17) for chemotherapeutic‘properties. It
is a creamy-white powder of low solubility - 0,0lg. per
100cc, in watler atl room-temperature, 0,05g. per 100cc, in
"hoi" water, Buttle stgted thatl The diamino-sulphone by
oral administration was 10 Times as toxic as sulphanilamide
when a single dose was given - aboul 5mg. toleraied by a
EOg; mouse = and 25.times as toxic when repeated daily.

Fourneau et al,(30) gave the toleratled oral dose as 5Smg.

per 20g. mouse, and Feinstone et al.(26) as 1l32mg., per 20g.

mouse whether as a single dose or distributed over 5 days.



Author's Experiments.

lable III shows the experimental resulis obtained with
diamino-diphenyl-sulphone, and includes some earlier
results from the laboratory records (see p;a).' With
single doses lOmg; caused the death of 4 outl of 6 mice,
Though larger amounis occagionally caused only loxic and
not lethal effectls, With divided doses, a lotal of Smg.
given as two doses in 5 hours was lethal for 2 out of 4 mice,
but the sgme amount given in three doses over 24 hours was
readily toleratled, while llmg. in three doses over 24 hours
‘caused only temporary loss of weight, ihe olher typical
toxic symptloms manifested were incoordination of movement.
and excitability.

As regards absorption of the drug from the subcutaneous
deposit, a single dose of 7mg. was found to be completely
absorbed from the sile of injection within 4 days, while a
s8light deposit of drug from an identical dose was still
visible 2 days after injection., Iong and Bliss (67, p.78)

observed that though absorption of the drug following



swall oral doses was rapid and fairly complete, blood
concenirations were maintained longer than in the case of
sulphanilamide., Feinstone et al.(26), also giving oral
doses, found Cthe maximum blood level at 1 hour and a fair
amount of drug svill present in circulation 6 hours later,
but as the dose was incregsed above 4mg, a limitling value

was reached for the conceniration in the blood.

4:4'-DIACE iYLAMINO —~DIPHENYL—~SULPHONE .

When the diamino-diphenyl-sulphone is acetlylated o
give 4:4'-diacetylaminé-diphenyl-sulphone the toxicity of
the compound is congiderable lowered (Fourneau et al., 30).
Iong and Bliss (67, p.52) considered this to be due to
poor absorption of the drug and a low rate of conversion To
‘the wxic non-acetlylated foru. 1he diacetyl compound is &
white powder of low soclubilitly, less than 30 parils being
dissolved per million paris of water, and, as in the case
of the diamino-sulphone, is generally used in the fdrm of
& suspensgion, A trace of a chemical dispersing agent such

as Dispersol 0G (an auxiliary product for the dyeing trade



-l

prepared by Imperial Chemical Industries Limited) may be
added.
Fourneau et 3;4(30) stated that mice tolerated 200mg,
per 98, Uolitor et al.(79) 400mg. per os, and Buttle et al.(15)
800mg. per os, while Feinsione et al.(26) also placed the

oral loleraled dose at over 400mg.,.

Autbor's Experiments.

As shown in iable IV, subcutaneous doses of 200mg.
and B}Omg; were very well Uolerated by mice. the depot
of drug at the site of injection was very élowly absorbed,;
and even 3% months afler a dose of 50mg., there was still a
deposit in the subcutaneous tissue. ithe question must be
left open whether, as Nitti et al.(90) believe, the
diacetyi—sulphone is slowly hydrolysed and absorbed as the '{

corresponding diamino=-sulphone, '
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44D I0ACE $Y LD T AMINO =D I PHENY L= SULFHONE .

ihe monoacelyl derivative of diamino-diphenyl-sulphone
has been found very effec.ive in he Treatiment by
subcutaneous injection of mice infeciled with haemolytic
streplocccei (Browning, 6). Fourneau (29) in the course of
reviewing The organic sulphur derivatives including the
diphenyl-sulphones, passed over the monoacelyl compound as
of littile intleresi, since it was as loxic as The corresponding
non=-acetlylated sulphone, and he does not appear U have
tested its Therapeutic efficiency. On The contrary, the
present experimanisl findings have shown the monoacetylésulpgane
o be of very great activity despite a certain degree of
toxicity for mice, which, bowever, is much less than that

of the non-acelylated substance,

Author's Experiments.

Like The olher wo pylphone compounds already
considered, this is a white powder bPelatively insoluble
in water and so readily administered in the form of &

suspension, Although the drug bas a very low solubility

\
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- certainly less than 1l.0g. per 1,000cc, in water al room-
temperature - there is ample evidence of its absorption inta
the body-iluids, as shown by The rapid appearance of typical
toxic manifestations, dice which received a single feed
of bread it which was added 1:100 or 1:200 suspension of
drug at the rate of lecec. per 20g, wouse (10 or 5Smg.), all
showed great excitabilitly, incoordination of movementg,
and unsteadiness wichin 13 hours aftler feeding, these
symploms gradually disappearing during the next 4 or 5 hours.
ihe following day, after the next feed, which contained no drug
but was simply a similsaxr cube of bread soaked in diluted
milk, there was a temporary recurrence of The nervous
symploms due apparently T further absorption of drug
from the residue of the previous day's dose nbt yet fully
excreted., Oral administration was not exiengively tested
owing To the excellent'results;given by subcutaneous
injection with the formation of a depot of drug.'

When the monoacevyl-~sulphone was injectled subgutaneously,'

evidence of absorplion of the drug by mice was again shown



by marked excitabiliily with incoordinaticn of movements
which Btarted within 2 or 3 hours of injection; ond those
symploms might continue for 3 days. A dose of 20mg,
accasionally caused death within a few days although
oTher animals showed only temporary toxic symptoms
following doses of 330mg., and 200mg. given in the form of
thick agueous suspensions. Depending on tThe initial
amount injected, The depot of drug slowly diminiéhes in
size over a period of several weeks, A single dose of
100mg. was completely albsorbed from the site}of injection
within 3} montThs, while with three doses of 6.7mg,, 4.0mg,,
and 4.0mg, injected at O, 5, and 24 hours (14.7mg. in.all)
complete absbrption took 8 To 11 weeks, and a single ‘

dose of 10mg. 6 weeks.
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SUMMARY OF QXICIuY 1n8UL4S FOH SULPHOUE DRUGS.

ihe thrée sulphones varied in loxiciily = the non-
acelylated compound being tThe ﬁost toxic and The diacetyiated
compound the least = bul il seemed advisable To give all
Three by the Triple dosage method lhereby building up the
drug depot over 24 hours and thus avoiding the possibility
of a single large dose having & critical tomic effect,
'~ ihe syslem of optimum or standard dosage decided on from
consideration of the toxicity results is shown in lable V,

Acetylation of an amino-group has frequently been
noved to reduce the toxicity of the substance for the host
while leaving the chemotherapeutic effedt weight for
weight practically unchanged, and Thus allowing a higher
dosage o be administered with the possibilivy of a more
powerful therapeutic effect (Browning et al., 7; Fourneau
et al., 29). In the case of the three sulphones now under
consideration, acetylation of The amino—groups may be
regarded as taking place in two stages — the diamino-mulphone

to the monoacetyl=—sulphone and thence to the diacetlylamino-
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diphenyl-sulphone. +he Toxiciiy of the compounds diginishes
in this same order logether with the solubiliiy, and
therefore the raie of absorption from The drug depotl also
decreases. Since therapeutic efficiency depends greatly
on The maintlenance of an adequale drug—-conceniration in
the blood, lthe best results would therefore be expecled
from The monoacelyl compqund due o itls intermediate
rating as‘regards absorption. If the therapeutic effect
is due w the presence of the non-acetlylated compound
and, as suggested by Nitti et al.(90), the diacetyl-sulphone -
acts by being gradually hydrolysed with formation of tThe
diamino—sulphone, then the more rapid absorptlion of The
monoacetyl=sulphone might be explained as due T a
similar hydrolysis witTh, in this case, a single aceilyl-
group involved. When the non-acetylated sulphone is
administered subcutaneously in meximum Tolerailed éoses
it is very quickly absorbed (iable V). +he relation of
this varying iate of absorption To the Therapeutic resulis

' L
obtained experimentally will be consedered in Section II.



SECTION II

BSTIMATION OF THERAPEUTIC ACTIVITY



. EXPERIMENTAL BACTERIAL INFECTIONS.

For asgsessing therapeutic activity it is essential
to select both the type of inféction and the host which
will give counsistent results in repeated trials and so
allow a comparison of the effigacy of the various drugs
under consideration.

The white mouse has been widely accepted as a very
suitable experimental animal, It is relatively cheap
and therefore large numbers may be employed in oxrder to
give statistically significant results. The individual
responsé ¢o infection also is supposed to fary yery little
from animal to animal, although experimental results to
‘be detailed later demonstrate the importance of the

"mouse factor" and its effect on the ultimate success or
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failure of therapye.

Throughout the thesis, all calculations of
"statistical significance" have been made by the simplified
method of ILoewenthal and Wilson (64). This is a
modification of Fisher's factorial method of calculation
of probability and was devised as a means of comparing
experimental results when the total numbers are small or
when there is unavoidable inequality in the sizes of the
series coﬁparea. ‘The differences between experimental
results are classified as "highly significant",
"gignificant", or "of no statistical significance",

The infective agent must be selected primarily fbi
its power to produce in the host a course of infection
which can be readily reproduced with little or no
modification in successive experimental series, A great
variety of brganisms has been employed in vivo
experimentally with the sulphonamide dfugs - streptococci,,

staphylococeci, gonococci, meningococci, B. typhosus,

B. coli, B. friedlander, B. proteus, Be«_aertrycke, and
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Pagteurella — and many of these are readily adapted by
animal passage to give a course of infection suitable for
testing drug therapy. The virulence of an organism,
i,8. its power to in#ade the body of the host and produce
disease, often varies from one species of animal to another,
and a strain freshly isolated from a human source may not
at first appear to possess a high degree of virulence for
a different host, This is well illustrated in the case of
the haemolytic streptococcus which was the organism
employed in the present work, 86 gtrains of haemolytic
gtreptococei of human origin (mainly from suppurative
lesions) have been isolated in pure culture in this
laboratory and a dense broth emuision from a 24 hour agar
culture in each case injected intrgperitoneally into mice
in considerable dose -~ 0.3 to O,5cc.. 31 of the strains
were sufficiently virulent at first to cause death, but
on further passage lost virulence or in a few cases produced
local lesions along the track of the infecting needle instead

of general septicaemia, With only 28 strains virulence
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was maintained or increased during succeeding animal

passages and 10 of these straing were used in various
therapeutic trials. The remaining 27 proved to be complételf
non-virulent towards mice,

Strainsg of haemolytic streptococci of naturally
high virulence, and especially those in which enhancement
of virulence has occurred as the result of passage, readily
pProduce septicaemia when injected intraperitoneally, with
death of the mouse occurring in about 24 hours, An
infection of this naturg has the great advantage of
regularity of action over strains of a more chronic or
sub-acute character, even although such a rapid course
allows only a short time in which successful thérqpy can
play its part in averting the death of the host,

Iong and Bliss (67, p.23), from a study of published
results with exPerimental streptococcal infections suggesteﬁ
& standard method for testing new chemotherapeutic cogpoundé
in which strains of streptococéi of maximal virulence for

mice and belonging to Lancefield Group A should be employed.



They stated that Lancefield Group B strains - either of
bovine or human origin -~ were quite resistant to sulphonamide
therapy while Lancefieid Group A strgins ~ which include
many of those causing infections in human beings - were
susceptible to such treatment, It has also been pointed
out by various workers that infections due to streptococci
of low mouse virulence are not affected by sulphanilamide -
the usual explanation for this being the very large number
of ofganisms inoculated,

The question of the presence of capsudes can also be
considered at this stage. Some strains of streptococei
are reddily shown by eosim relief staining to possess capsules
similar to those of the pneumococci, a property which may
well affect both virulence and response to therapy; For
instgnce, as will be shown, the Kruger strain of haemolytic
streptococcus was originally a non-capsulated organism,
producing infections readily susceptible to sulphanilamide,
but later developed:a cgpsule, While the appearance of

capsules also coincided with consistently high values in
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estimations of virulence, there was no evidence of increased
curability of the infection by sulphanilemide being
associated with the increase in virulence, Such increased
curability might have been expedted according to the view
that'strains wiph high mouse-virulence gsre more susceptible
to sulphonamide therapy than gtrains of low virulence,
Actually, the non=capsulated phase of the strain was
already highly virulent for mice, and the presence of
capsules supplied an additional protection for the
organisgms, Schlossberger and Biar (104) in a very small
numberxr of‘exporimenta on treatment with sulphanilamida,
auro~detoxin, or specific antiserum in mice inoculated with
hasemolytic streptococei, pointod‘out that the addition
of mucin to the inoculum protected the invading organisms
against all three forms of treatment, They deduced from
this that the mode of action of sulphanilamide must be
similar to that of specific antibodies in the homologous
antiserum; a simpler and more £iksiy>explanation ig that

the mucin confers on the organisms increased protection
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against all defence mechanisus whethexr in the form of drug

or antibodies in treated animals or the normal defénsive

processes in untreated animals,

ESTIMATION OF VIRULENCE.

The virulence of the cultures of streptococci was
assessed by making dilutions in broth from a 24 hour culture
of the organisms in horse-~heart infusion broth containing
1 per cent; peptone and inoculating a set of mice
intraperitoneally with 0,25 to O,3cc, of each of the various
dilutions, |

In making the dilutions of culfure, the question arose
as to whether the use of one pipette throughout might tend
to introduce an'appreciable error in the higher dilutioans
due to the carrying-over on the pipette of a slightly richer
transfer than was intended, A number of tests was
accordingly carried out in duplicate on several different
eﬁltures, an initial dilution of 0,02ec, of culture in
10;000. of broth being taken as 1:500, From this‘dilution

ten-fodd dilutions were made (1) with the same pipette



- 35

throughout, and (2) with separate sterile pipettes for each
- stage of dilution., TFor the range 1:500,000 to 1: 500,000,000
it is seen from Table VI that with method (1) a total of
17 out of 33 mice died in 24 hours and with method (2)
14 out of 22, while the individual results at each levél
of dilution also showed.:,pra.ctically;)no significant
difference. |

The most frequent inoculum employed in therapeutic
tests is ten times the lowest concentration which can
be confidently expected on the basis of recent virulence
assessments to kill mice in 24 hours, i.e. the minimum
certainly lethal dose (M.L.D.). With the strains used,
10 M,L.D. was generaliy contained in a dilution of 1:1,000
to 1:100,000, With less virulent strains or strains which
give irregular results it is better to use an inoculum

of at least 100 times the estimated smallest lethal

dose,
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MAINTENANCE 0

STRAINS.

Strains of streptococci may be maintained by severgl
methods, When not required for immediate use the organisms
may be preserved for very long periods by removing aseptically
and keeping in a vacuum desiccator over concentrated
sulphuric gcid the spleens of wmice which have died from a
lethal dose of culture; or by culturing the heart-bvlood
in boiled—blood—broth and freezing the culture after
24 hours' incubation. Eoth of these methods have yielded
growths of virulent organimé on subculture after long
periods, e;g; after fregmiag for five years at about -16°C,
When the strain is required for therapeufic experiments it
should be passed two or three times by alternate mouse-
inoculation and broth subculture, i.s. mice are inoculated
intraperitoneally with 0.25cc. of pure culture and on their
doaﬁh broth cultures are made from the heart-blood and
incubated for 18 to 24 hours ready for the next mouse-passage.
This has the effect of ensuring that the virulence of the

strain is at a high level, but prolonged maintenance of
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the strain by this method may cause alterations in the
morphology and behaviour of the organisms, as will be
described later in the case of the Kruger strain of
streptococei,

Studies on the maintenance of virulent strains of
streptococci have produced some intaresting facts with
reference to the freezing of cultures. When the cultnro
medium was ordinary meat-infusion broth containing 1 per cent,
Peptone but no blood, inoculated by transfer of one or
more loopfuls of virulent culture, incubated at 3700 for
24 hours, and then frozen at about -16°C, the organisms
died off fairly rapidly. Such cultures have been found
to be completely innocuous to mice when injected after
keeping for five days in the frozen state and to be
sterile on subculture.

-If the culture contained a small amount of blood, as
was necessarily the case when the heart—blood of a dead
mouse was used as the inoculum, the virulence of cultures

was fbund to be unchanged even after freezing for 45 days,
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but cultures which had been frozen for 93 months -~ though
showing typical organisms in stained films, capsulated as
in the original living culture - neither gave growth on
subculture nor had any pathogenic effect when injected
undiluted into mice.‘ Iq_9eed these dead cultures conferred
a certain degree of protection againét the homologous
strain, Thus 21 mice received l.0cc. of such dead culture
intraperitoneally in two weekly doses of 1/3cc. and 2/3cc.
respectively; the second dose was followed a week later
by inoculation with O.25cc. of a 1:100,000 dilution of a
virulent culture of the same strain: 10 mice remained well
and the others died in tﬁo days, while the 6 unvaccinated
controls all died in 24 hours. These results are
statistically significant.

Cultures made in boiled-blood—~broth containing 5 per
cent, rabbit-blood have a long period of viability when
frozen,. the outstanding example being that of a culture
of a non-capsulated strain in this medium which yielded

virulent streptococci after being kept frozean for five
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years, Before being frozen this culture caused death in
24 hours when 6.25004 of dilutions up to 1:1,000,000 were
injected intraperitoneally, and although on thawing the
mndiluted culture took 3 days to kill a mouse, the original
virulence was manifested by the first subculture in broth
made direétly from the frozen eulture.-

The two strains of streptococci chiefly used in the
therapeutic trials ("Kruger" and Thomson") both possessed

high virulence for mice,

STRAINS OF STREPTOCOCCI.

Streptococcus Kruger,

This étrain was received from Dr. Feldt of Berlin in
March 1931. In fluid medium it yielded a flocculent
growth with many long chains, Virulence for mice was
stated to be "1:10,000,000" intraperitoneally, 5ut after
passage through one mouse of an emulsion of the spleen
received, even 1:1,000 dilution took 48 hours to kill, and
further passages and trials during the next month showed

no, improvement., Similar results were obtained on reviving
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the strain again from spleens 35 and 4 years later; but in
April 1937, after passage at irregular intervals through
altogether 13 mice since iMarch 1931, a culture was isolated
which was lethal for mice in 24 hours in dilutions up to
1:1,000, and in 48 hours for dilutions of 1:10,000 to
l:lOO,OOO;Q on further passage the virulence almost at once .
reached the level at which it remained - a dose of 1:100,000
being certainly lethal in 24 hours. Fairly éonstant passage
of the strain now followed; more than 112 passages through
mice took place during the next 20 months, in the course

of which there were over 40 therapeutic experiments. .In
January 1939, the organisms were observed to be capsulated,
and in view of this the results of therapeutié experiments
carried out at different periods have been grouped, those
before this date being assigned to Period I (Table VII).

The straiﬁ of organisms in the capsulated state was
maintained for therapeutic experiments till July 1943, the
results being considered somewhat arbitrarily in three

further periods. Period II extends from January to
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September 1939, during which infections with the capsulated
organisms responded fairly well to treatment with the more
powerful drugs. Then, after an interval of two ﬁonths
(September to October 1939), during which maintenance of
the strain took place in the usual manner by alternate
mouse—passage (through about 40 mice) and broth culture,
resumptibn of therapeutic tests showed a marked falling-off
in thé number of cures obtained wit£ drugs waich had
hitherto been regarded as fairly effective. This is
designated Period III and extended from October 1939 till
February 1942, Thereafter the strain was revived - still
in capsulated form - frow & spleen which had been stofed
since early in September 1939, tnis marking the beginning
of Period IV. In July 1943, the non-capsulated form was
recovered in pure culture from a hoiled-=blood-~broth culture
which had been kept frozen since February 1938, and was
used in tests grouped under Period V, In view of the
experience described above, the stock culture of the

non-capsulated strain was now kept frozen in boiled-blood-
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broth frow which a subculture could readily be made and

the organisms passed onep through mice prior to therapeutic
experiments., In this manner meaintenance of the strain by
animal passage is reduced to a minimum,

During Period II virulence tests showed much more
consistent.results than in Period I, an aggregate of 34 out
of 63 mice (54 per cent,) inoculated with a dilution of
1:10,000,000 of culture dying in 24 hours, ard 8 out af
12 mice (67 per cent,) receiving 1:100,000,000 dying in
the same time, results which show no statistically
significent difference; In Period III virulence was at
practically the same level as in Period II, 65 out of
110 mice (59 per cent.) receiving 1:10,000,000 being dead
in 24 hours. In Period IV the higher dilutions were
seldom tested, but 26 mice out of 44 (59 per cent.)

. receiving an inoculum of 1:1,000,000 of culture were dead
in 24 hours; Virulence was not so high in Period V, an
inoculum of 1:1,000 killing 24 out of 36 mice (67 per cent.)

in 24 hours.
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In Periods Ii, III, and IV, growth in broth culture
was homogeneous, but the organisms of Period V, like
those of Period I, gave extremely granular growths in
fluid medium, which rendered accurate dosage of the
diluted culture more difficult.

Lahcefield-grouying of Streptococcus Kruger carried

out during Periods I and IV was positive for Group B.

Streptococcus Thomson.

This strain was obtained in 1942 from a patient with
fatal septicaemia, Inmediately after isolation the
organisms were seen to be capsulated, but did not give a
definite result when tested against Lancefield Group B serum.
Virulence was at first low and rather irregular, but after
21 passages thﬁough mice during three months cultures were
lethal for these in 24 hours at a dilution of 1:1,600,
while the Lancefield grouping became definiteiy positive

for Group B.
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Streptococcus Aronson.

This strain was also obtained from Br; Feldt of
Berlin in January 19}1. The streptococci were capsulated
and possessed & high virulence for mice after one or two
passages, & dilutiom of 1:1,000,000 being certainly fatal

in 24 hours when O.25cc. was injected intraperitoneally.

Streptococcus Cook.

A few trials have been carried out with Streptococcus

Lok, & strain isolated from a carbuncle,. This organism
was non-capsulated and belonged to Lancefield Group A. At
the time of the therapeutic trials, the virulence had
reached a high level, 0O.25cc. of 1:1,000,000 dilution of

culture killing a mouse in 24 hours.

BOUTE OF APPLICATION OF THERAPEUTIC AGENT
 IN RELATION T INOCULUM.
In early experiments on the treatment of streptococcal
infections with anil=quinoline drugs and acriflavine in

mice, Browning et al.(8) injected the drug intraperitoneally
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one hour after intraperitoneal inoculation and obtained
very good results, which will be discussed later in
Séction Ve By this method the drug entered the body of
the host by the same route as the inoculux and so Tollowed
up the latter. In the case of the sulphonamides, however,
the drug is effective when injected subcutaneously or
given orélly after the intraperitoneal inoculation; thus
the therapeutic agent and the organisms enter inséﬁposite‘
directions, meeting, as it were, within the tissues.

In 81l but a very few of the therapeutic tests carried
out with sulphanilamide and the sulphones the drug has
been given by the subcutaneous route and the inoculum

intraperitoneally.

OBSERVATION OF TEST ANIMALS AFTER IREATMENT.

-~ e—— T ——————

In very many of the published reports on the treatment
of mice with the sulphonamide drugs, the animals were

considered cured if they survived for as short a period as

one or two weeks after inoculation. ILong and Bliss (66)
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reported the occurrence of very late deaths due to
streptococcal septicaemia both in mice treéted with Prontosil
Soluble and with sulphanilamide - in the létter case deaths
occurred 49 and 194 days after the completion of prolengedv
sulphanilamide treatment. Despite these results, however,
few workers meem to hmve considered the necessity of
keeping treated animals under observation for a sufficiently
long period to allow fbr}the possibility of such delayed
;elapses. liany results classify as "cured" animals which
survived in apparent health for anything from 10 to 30 days
after infection and treatment, when a period of 8 to 10
weeks would bhave been more advisable, and in some
published work on pneumococcal infections observation for

7 days was considered adequate. With the less soluble
drugs which are gradually absorbed from & depot in the body,
it is possible to envisage a state of equilibrium set up

" in the tissues between drug and invading organisms and .

brought to an emd by the loss of drug through excretion,
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but when the drug is a soluble and readily excreted
compound like sulphanidamide it is difficult to explain
on these lines the occurrence of fatal relapses at 14,
26, 32, and even 68 days after inoculation. The problem

of these late deaths will be referred to again in Section V,

RESULTS IN THE TREATMENT OF EXPERIMENTAL INFECTIONS.

In the fecllowing account of experimental results all
the inoculated control mice died of streptococcal
septicaemia, and treated snimals which died from any other
cause are omitted from the totals reported. In every
case films, and frequently cultures, were made from the
heart-blood post mortem and examined for the presence of

bacteria. 7
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SULPHANILAMIDE .

Sireptococcus Kruggr.

4 Pexriod I.

Varying inocula. It has been generally agreed (p.l6)
that since sulphanilamide is a}fairly soluble drug which
is readily absorbed and excreted, it should be administered
sufficiently frequently to maintain an adequate conceﬁtration
in the blood, In early therapeutic trials it was found that
the standard triple dosage of 1l0mg., 6.7mg., 6.7mg. injected
subsutaneously during the first 24 hours gave good results
(Table VIII), 70 mice having been cured out of a total of
112, i.e. 63 per cent, of cures. These results, taken from
28 separate experimenis, show some variation in the

proportion of cures, but this does not appear to be{closely)
related to the dilution of the inoculpm. The percemtage
of cures with 1:100, 1:1,000 and 1:100,000 dilution of

inoculum correspond closely with one another and with the

average value for the whole get, showing no statistically

\T The results grouped as Period I are from earlier
laboratory records - see p.8.
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significant difference, An unaccountably high percentage
(eege 92 per cent.) of cures was obtained in the 8 experiments
in which the inoculum was a 1:10,000 dilution, these being
fairly uniformly distributed throughout the series.
Accordingly, it may be concluded that over the range

employed a 10,000-fold difference in the inoculum had no
uniform influence on the therapeutic result with the

standard treatment., Hence in what follows it has bepn
accepted that the therapeutié results obtained within

this range méy‘be compared without reference to the exact

size of the inoculum.

W' dosage. The effect of varying ths total
doée of sulphanilamide is shown in Jable IX, It appears
that a divided dose of under 1Omg. prolongs life 1 to 3 days,
but seldom effects cure; gctually the only wmouse cured out
of 10 was one which received the smallest amount of drug
~ 2.34mg.. Amounts from 10mg. to 23.4mg. have led to cure

in 89 out of 145 animals (61 per cent.). It is not very
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elear what constitutes the best system of dosage, but
since & single subcutaneous administration of 1lOmg. at the
time of inoculation cured 5 out of 13 mice, it appeared
advisable to supplement this by two additional doses of
6.7mg. at 5 and 24 bours: this treatment referred to as

"standard triple dosage" cured 70 out of 112 mice (63 per cent.)

Delayed treatuent. When there was a delay of two hours
after inoculation before beginning treatment with the
standard triple dosage 7 out of 7 mice were cured, but a
delay of 6 bours resulted in only 4 cures out of 7 mice -

Table X A,

Prophylactic treétment. As would be expscted from
the rapid absorption and equally rapid dxefetion of the -
drug, treatment with sulphanilemide administered from
72 hours to 2 hours before inoculation was unsuccessful -

Table X B.

Periods II, IlI, and IV,

~ In these periods similarly successful results could not
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be repeated witn the standard triple dosage, there being
only 2 cures out of 32 mice treated (Table XI), owing °
apparently to some change in the behaviour of the strain of
streptococcus which coincided with the appearance of

capsules in a hitherto non-capsulated organism.

Period V.

With the non-capsulated organisms of Period V, besults
were even bettef than those in Period I. Of 47 mice
inoculated with a 1:1,000 dilution and treated with the
standard triple dosage, 31 were cured, the others dying
in 2 to 7 days, except 2 late deaths at 44 and 62 days.

Of 5 mice similarly treated, but with only one=third of

the above quantities (i,e. 7.8mg.), all were cured.

Qther Strains of Capsulated Strepﬁococci,
With the Thomson strain of streptococei, which was
capsulated when isolated, sll the 24 mice inoculated with
a 1:1,000 dilution and treated with the standard triplo\

dosage of sulphanilamide succumbed to the infection in
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1 to 3 days. This corresponds with unpublished results
obtainéd in this laboratory with the Aronson strain of
capsulated haewolytic streptococci and quoted here for
purposes of comparison (see p.8). O0f 25 mice receiving
inocula varying from 1:10,000 to 1:1,000,000 dilution of a

24 hours' broth culture of the Aronson strain and treated
with.the standard triple dosage of sulphanilamide, only 1 was
cured, the rest all dying from streptococcal septicaemia in

2 to 5 days.

From these results as well as those with the capsulated
phase of the Kruger streptococcus it may be concluded that
the action of sulphanilamide against haemolytic streptococeci
in vivo depends greatly on the character of the particular
strain of streptococeci involved., TWhile the drug seems
capable of controlling and, in the majority of cases, of
overcoming an invagion of nonwgcapsulated streptococeci, it
appears as a rule to be able only to prolong by a day or two

the life of animals infected with a capsulated streptococcus.
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4:4'-DIAMINO~DIPHENYI~SULPHONE.

The diamino sulphone ig the first of the three
sparingly soluble depot=forming sulphone compounds to be
considered, It is the most readily absorbed and also
the most toxic of the three (pp, 26 -« 27). A summary of
therapeutic experiments is shown in Table XII. The
results with Streptococcus Kruger Period irwere fairly
satisfactory, provided that the dilution of inoculum w;s

1:1,000 of higher, 11 out of 12 mice being cured by

triple doses totalling from 2mg. to the maximum tolerated

dosage of 8,3mg.. With Pericd III streptococci (capsudated),

however, the infection was unaffected even by large doses
of the drug; death of the ahimals was merely delayed for
a few days,

Results in Period V were again satisfactory, the
maximum triple dose of 3,3, 2.5, 2,5mg.(8,3mg.) at 0, 5,
and 24 hours curing 29 out of 35 mice which had received

T The results grouped as Period I are from earlier
laboratory records - see p.8.
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an inoculum of 1:1,000, the rest dging in 1 to 7 days with
1 late death at 21 days, and untreated controls all dead
in 24 hours.

Delayed freatment with Streptococcus Kruger Period ;ﬁ

even when begun 6 hours after inoculation (Table XIII 4),

gave ¥ery similar results to those obtained with immediate
treatment, and incidentally supplied two good examples of

late deaths at 26 and 28 days after inoculation.

Administration of heavy prophylactic treatment also

showed similar results to those obtained by treatment at the

time of inoculation (Table XIII B).

4:4'-DIACETYLAMINO=DIPHENYL-SULPHONE .

It has been seen that just as the diamino sulphone is
the most toxic and most rapidly absorbed of the three
sulphones, the diacetyl sulphone is the least toxic and

'also the least rapidly absorbed (pp.26=27),

T The results grouped as Period I are again from earlier
laboratory records - see p.S8.
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Streptococcus Kruger.

As shown in Table XIV, the results of treatment at
Period ;Twere quite satisfactory even when the dosage was
reduced from the standard of 10,0, 6.7, and 6.7mg. at
0, 5, and 24 hours (23.4mg., in all). Triple doses
totalling 5.84 to 23.4mg, cured 46 out of 78 mice and
triple doses totalling 1,16 to 3,87mg. cured 5 out of 31
mice, With Period II streptococci reduction of the size
of the dose gave results which showed no significant
difference, the corresponding figures being 7 out of 14
and 1 out of 12;

The influence of contihued absorption of the
therapeutic agent from the depot was evident from the
periods of survival of treated mice which eventually died
from the infection.  These showed a much greater range

than had been observed following sulphanilamide treatment,

¥ The results grouped as Period I are again from earlier
laboratory records - see p.S8.
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Ireatment of Period V infections with the standard
triple dosage cured 26 out of 3l mide receiving an inoculum
of 1:1,000, the others dying in 5 to 9 days, with 1 late
aoath at 30 days and the untreated controls all dead in
24 hours,

Prophylactic treatment with a single large dose, as

shown in Table va gave marked but irregular sffects.

4:4' =D NOACETY L~DIAMINO ~DIPHENY [~SULPHONE .

Streptococcus Kruger,

"TPeriod I.

The monoacetyl sulphgne yieldéd very satisfaetorj
therapeutic results - Table XVI, All of 9 mice treated
with the standard triple dosage - 6.7, 4.0, and 4.,0mg, at
0, 5, and 24 hours - survived, and even with a tenth of
this dosage there were some cures, while the survival times

‘ of the mice which died from the infection - 3 to 5 days-

1’ The results grouped as Period I are again from earl&ér
laboratory records-see p,8.

s
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were greatef than those of the untreated controls, which
all died in 24 hours following a similar indculum;

Period II.

In this period results were again of much the sawme
order as in Period I throughout thevrange tested, 26 out of
29 mice being cured by the étandard triple dosage -
| Table XVII.

Period ;;l;

The therépeutic efficiency of the monoacetyl sulphone
was diminished (Table XVIII), the standard triple dosage
curing only 41 out of 121 mice, The survival tiges of
- mice dying from the infection were from 4 to 18 days, and
there were also several cases of late deaths due to |
streptococcal septicaemia, one occurring 89 days after
inocﬁlation;

Period LE;
Th§ ﬁroportion of cures with the standard trigle

dosage of monoacetyl sulphone in Period III (Table XVIII) and
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Period IV (Table XIX) shows no statistically significant
difference, whereas a comparison of the totals of cures
obtained in Periods II and IV shows a significant differenmce,
Period V,

Here the infection again showed the same high degree
of curability as in Period I. Of 41 mice receiving an
inoculum of 1:1,000 and treated with the standard triple
dosage, 37 were cured, the other 4 dying in 2, 3, 13, and
30 days; and the untreated control mice im 24 hours.
With half and also with a quarter of the standard dosage

all of 6 mice were cured.

Bffects of Varying Doéage.
Single doses equal to the total standard triple dosagé
were tested with Streptococcus Kruger Periods II and III
(Tabies XX A and B). On the whole, however, the triple
dosagé method seemed to produce slightly more cures over

these periods than did single doses.
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Delayed Ireatment and Prophylactic Treatment.
'Delayed treatment and prophylactic treatment with
monoacetyl sulphone were both tested against Streptococcus

Kruger Period I1I.

Delayed TIreatment. With a single dose of 6,7mg. there

was little of no alteration in the number of cures obtained
when treatmenf was delayed for 1l or 2 hours, but a delay of
5 hours or longef before administéring the single dose of
d:ug showed a decided decrease in therapeutic efficiency
which was also highly significant statistically (Table XXI A).
This suggests thatﬂﬁp to 2 hours after inoculation, but not
after 3 hours, the degree and rate of absorption of active
drug are still sufficient to counteract the infection.

Prophylactic Treatment. A single dose of 14, 3mg.

given up to 5% hours before the inoculum was effective in
Period II in preventing‘fatal infection in nearly all the
animals treated - Table‘XXI B. However, a slkghtly smaller

dose (13.3mg,.) had very little effect on the infection when
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administered 5 days before the inoculum, as also had 11.0mg.
given 4 days before; Since there is still an abundant
depot of drug in the subcutaneous tissue 5 days and even
later after the injedtion of such doses, these results
suggest that absorption ofAdrug from the subcutaneous depot
pioceeds at a reduced rate after the first few hours, but
there is no evidence of any change in the eharacter of the
drug forming that depot. This view was supported by other
experimental findings. A set of 10 mice was - injected
subcutaneously each with 13.3mg. of wmonoacetyl sulphone per
. 208, bpdy-weight. After allowing 5 days for absorption of
the drug to take place to some expént, the mice were
sacrificed and the subcutaneous deposits of dmug removed
and pooled, the whole being dispersed in water fo a volume
sufficient to provide 10 doses of approximately lcc. each.
This "r;sidus"-was used as treatment for 10 mice inoculated
with Streptococcus Kruger Period III, while, as a control,

10 similar mice were treated with triple doses totalling
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15, 5wg. in 24 nours. Of the 10U mice receiving "residue"”,
6 were cured, the others dying in 5 to 13 days; while of
the 10 mice treated with approximately equivalent triple
doses 2 were cured, the remsinder dying in 5 to 19 days.
‘Although the difference between the numbers of cured mice
here seems considerable it has no statistical significance,
the "residue" drug retaining its curative properties even
after a period of absorption lasting 5 days.

Prophylaxis of Relapses. With Streptococcus Kruger

Period III, the effect was studied of an additional dose of
monoacetyl sulphone given a few days after the standard
triple dosage (Table XXII). This was found in general to
produce an increase in the number of animals cured when the
extra subcutaneous dose was given 3, 4, or 5 days after the
inoculum, but the increase is not statiéfically significant.
A beneficial effect due to an additional dose would have
supported the theory of the bacteiiostatic ection of the

sulphonamide drugs. The balance between drug and invading
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organisms has bsen effectively weighed down on the gide of
the drug by further subcutaneous injection, and this allows
‘the normel body defences to operate. Also in view of
gvidence stated above there might be more effective action
of the recent dose than of the older depotse.

Combined Treatwent with Sulphanilamide
and Monoacetyl Sulphone.

It seems reasonable to suppose that combined treatment
with a rapidly absorbed drug along with a less rapidly
absorbed one sﬁould be advantageous in combating a hacterial
infection in vivo, since the effect of the slowly absorbed
drug would come into play as that of the more soluble drug
lessened!a;; to excretion,

Various treatments were tested against Streptococcus

Kruger Period III, both sulphanidamide and monoacetyl

sulphone being used, but the results obtained showed no
advence on those with the sulphone alone. In one experiment,

the control mice were given a subcutaneous dose of 12.5mg.
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monoacetyl] sulphone at the time of inoculation, which cured
11 out of 21 mice; Other 15 mice each received in addition
6 doses of 1Omg. gulphanilamide, the firQQT;ne hour before
the inoculum and the others at 24 hours' intervals: 6 were
cured and the other 9 died 6 to 22 days after inoculation.
There is no significant difference between these two sets of
findings; this is scareely unexpected, since it has
already been found that sulphanilamide alone has practically

no effect upon tine capsulated organisms of this particular

period of Streptococcus Kruger.

Treatment of Infections with Qther Capsulated Strains.

~Resultes of treatment of Streptococcus Aronsoﬁrwith

monoacetyl-diamino-diphenyl~sulphone are shown in Table XXIII A;
Only the standard triple dosage - 6.7, 4.0, end 4.0mg. at
0, 5, and 24 hours - was found to have any therapeutic

. effect on this infection - 3 cuies ou@ of 8 mice = but the

survival times of all the treated mice which died, were

1 The results with Streptococcus Aronson are from earlier
laboratory records = see D.8.
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greater than for uwntreated wmice given the sawme inoculum -
4 to 18 days as compared to 24 hours, In the case of this
capsulated streptococcus therefore monoacdtyl sulphone has
to be given in meximum dosage to produce a curative effect.
Therapeutic tests with the monoacetyl sulphone were

also carried out with Streptococcus Thomson - the capsulated

and rather less virulent Lancefield B streptococcus of

human origin. As in the case of Streptococcus Aronsgon

and Streptococcus Kruger Periods III and IV, maXimum dosage

gave about 33 per cent, cures (Table XXIII B) with survival
times of 2 to 20 days in treated mice dying from the |
infection, as compared with 24 hours for untreated control
mice receiving the same inoculum. |
Bence, of the five strains of gapsulated streptococc?,

only Streptococcus Kruger Period II has shown any considerable

response to treatwment with monoacetyl sulphone. With all

the other four strains - Aronson, Thomson, and Kruger Periods

—————

III and IV - there was equal and relatively low curability
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even with maximum dosage, indicating a high degree of
resistance, which may be associated with full capsular
development, As regards Period II of Streptococcus Kruger,
it should be noted that definite capsules were present,
although the organiéms were still sensitive to treatment

with certain drugs; but the fact that the much less sensitive

organisus of Periods III and IV developed spontaneously from

those of Period II suggests that the latter represented an
early stage in the development of increased natural resistance

of the arganism.

Ireatment of Infection with a Lancefield-4 Strain.

It has already been mentioned (p.32) that strains of
streptococci belonging to Lancefield Group A and showing
maximel virulence, are reputed to be much more susceptible
to sulphonemide therapy than are Group B strains.

Streptococcus Look is a highly virulent, non-capsulated

streptococcus belonging to this category, and a small number

of experiments were carried out with mice infected with
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this organisum. iNo cures were obtained out of 4 mice treated
with up to one-third of the standard triple dosage of
sulphanilamide, but with up to one-third of the standard
triple desage of monoacetyl—diamino~diphenyl-sulphone,

8 oﬁt of 9 mice were cured, while one-sixth of the

standard dosage cured 4 out of 8 mice. With diacetylamino-
diphenyl-sulphone results were very similar, 6 out of

7 cures with up to one-=third of the standard triple

dosage and 1 out of 5 with one-sixth of the standard triple
dosage. Accordingly, while this stréin is not highly
responsive to treatmeﬁt with Sulphanilamide, a marked
response is shown to treatment with two of the sulbhone

drugs.

1 The results with Btreptococcus Cook are from earlier
laboratory records = see D.8. '
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The Effect of p-Aminobenzoic Acid on the Results

of Treatment.

In 1940 Woods (119) studied the reversal of ﬁhe
inhibitory action of sulphanilemide in vitro by a substance
which was present in yeast extracts. He showed that
p—aminobenzoic acid possessed many of the properties
characteristic of this unknown yeaét constituent. In
continuation of this idea, Selbie (107) examined the effect
of p-aminobenzoic acid on the therapeutic action of
sulphanilamide in vivo in haemolytjc streptococcal infection
of mice., 1In this case the sodium salt of p—aminobenzoic
acid was given together with sulphanilamide per os; and
it was found that small doses of the acid greatly reduced
the survival rate of mice treated with sulphanilamide.

In the experiments summarised in Table XXIV the usual
technique for therapeutic experiments was employed -
inoculum intraperitoheally and three subcutaneous doses
'of monoacetyl sulphone at 0, 5, and 24 hours - but

p~aminobenzoic acid was administered to & preportion of
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the mice two or three times daily as a 1:50 suspension

‘added to the bread-ration, this being begun either a few

days before or after inoculation. Feeding of the same

amount of p=aminobenzoic acid to nermal mice was without

toxic effects. With standard triple dosage of monoacetyl
sulphone, administration of p-aminobenzoic acid beginning

at any time from 2 days before‘inoculation to 5 days after-
wards, reduced the number of cures to 2 out of 33 mice as
compared with 7 out of 19 mice for those which did not

receive any p—aminobenzoic acid - a statistically

significant difference - and in nearly every case death

took place within a day or two of commencement of the

special feeding. With smaller doses of monoacetyl sulphone,
similar‘results were obtained., pﬁAminobehzoic acid itself
does not exert any anti-streptococcal activity in vivo and

is quite harmless when fed to mice even in large quantitieé. .
Its effect in reversing the therapeutic activity of monoacety¥l
sulphone may be regarded as resembling therapeutic inter-

ference. This phenomenon was described by Browning and
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Gulbransen (11,12) in the case of trypahosome infections

in mice. Administration of a dose of trypaflavine

normally curative for the particular strain of parafuchsine-
fast trypanosomes, did not effect cure if parafuchsine was
already present in the body of the host; The interfering
agent - parafuchsime - must, however, be already peesent

when the curative compound is administered, and this points

to a direct action of parafuchsine upon the parasites.
Parafuchsine probably combines with the protoplasm of the
trypanosomes in such a way as to block the trypanqeidal
action of trypaflavine, In. the case of p-awinabenzoic

acid, however, it has been shown that interference may be
produced by administration of p-aminobenzoic acid

commencing as long as 5 days after inoculation and treatment
with the monoacetyl sulphone. The theory has been suggested,
‘principally by Fildes (27), that the reversal of sulphanilamide

‘action by p-aminobenzoic acid is due to the fact that

p~sminobenzoic arid (or some compound closely allied to it)

is essential for the maintenance of bhactezial metabolism



aod that sulphanilawide blocks the related enzyue system,

so that p-aminobenzoic acid must be supplied artificially

to compensate for the stoppage in normsl synthesis.
p-Aminobenzoic acid is described as an "essential metabolite"
for the organisus. This theory will be further noted in

Section IV,

COMPARISON OF PUBLISHEQ RESULTS QN THERAPY.

It is almost impossible to draw any comparison between
the various published results in the treatment of experimental
infections with sulphanilamide and allied drugs. The
source of infection, the method of administration of the
drug, the size of the dose, and the period of observation after
treatment are all variable factors and the only possible
comparison is between the best results obtained by each
of the vatrious combinations of methods. The percentage
of survivors is seen to depend upon the duration of treatment
with sulphanilamide. Table XXV shows sbme of the results
published for the treatment with sulphgnilamide of

experimental haemolytic streptococcal infections in mice.
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The best results by either oral or subcutaneous administration
are obtained by using a fairly large dosage divided over
several days = a fact which was emphasized by Long et al.(68)
who found that the survival rate and average duration of
life were definitely better when the total amount was given
ag divided doses on each of three days instead of being
given as three daily doses.

With diamino=~diphenyl-sulphone quite favourable results
have been obtained (Table XXVI A). Bauer and Rosenthal (2)
stated that the dﬁaﬁino sulphone given per os was 30 times
as active by weight as sulphaniiamide, and larshall et al.(75)
using the drug-diet method claimed'it to be three times as
active on the basis of blood concentrations of the drugs.
Buttle et gl;(lS) also found the diamino sulphone much
more active than sulphanilamide, and Fourneau et al.(29)
mentioned 0.0Bmg. as an effective oral dose against
streptococcal infections in mice for both the diamino-
and diacetylamino- sulphones.

Discetylamino~diphenyl-sulphone also gave good
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therapeutic results against haemolytic streptococei
(Table XXVI B), Bauer and Rosenthal (2) claimed a therapeutic
index six times that of sulphanilamide, and Buttle et al,(15)
stated the.diacetyl sulphone given per os to be ten times
as active as sulphanilamide,

Tﬁore is no record of published work on treatment with

the monoacetyl-diamino-~diphenyl-sulphone.

DISCUSSION.

Table XXVII shows the varying responses to treatment
with sulphanilamide or the sulphone drugs in standard dosage
as to amounts and times of administration,'which were
exhibited at different periods by the Kruger strain of
streptococcus, It is clear that the outcome of
sulphanilamide therapy was immediately affected when the
organisms acquired capsules, the percentage of cures falling
from 63 per cent, ir Period I to under 10 per cant, in

Periodsg II, III, and IV. Treatment with the monoacetyl

sulphone was almost as successful in Period II as with

the non-capsulated organisms of Period I - over 90 per cent,
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of cures., During the further maintenance of the strain

the least responsive phase of the organisms was reached in

Period III with 3%4 per cent, of cures. The organisms of

Period IV, derived directly from a spleen dating from Period
II (Table VII), showed apparently a slightly greater sensitivity

to sulphone treatment than those of Period III (49 per cent.)

although the difference is not statistically significant,
Excellent results were obtained with all four drugs against
the non-capsulated organisms of Périod V.

It would appear, therefore, that while the initial
development of capsules quickly decreased the senéitivity
of the organisms to treatment with sulphanilamide, cﬁre
could still be effected by treatment with monoacetyl-
diaﬁino—dipheﬁyl—sulphone. A further, but morphologically
unrecognisable, slteration occurred, however, in the
course of continued passage of the strain and this caused
a marked reduction in its curability by the sulphone drug.

This phenomenon csan scarcely ba considered as a p

manifestation of "drug-resistance" in the generally accepted
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sense, since these alterations of the streptococeci had come
about without any exposure of the organisms to the specific
drug. The fact that the non-capsulated phases of the
strain showed rather less virulence for mice, suggests
that continued animal passage had not cnly increased the . _
virulence, but 5& doing so had%gﬁcreassd the resistance |
of the organism both to the natural defences of the host's
body and to the chemotherapeutic agents.
‘Monoacatyl-diamino=diphenyl-sulphone hasiproved to be
the most efficient of the sulphonamide drugs in the author's
experiments, It gives the highest proportion of cures
with both capsulated and non-capsulated strains of strepto-
cocei. The diacetyl sulphone is next to the monoacetyl
sulphone in therapeutic efficacy, but gives a lower
percentage of cures, and the diamino sulphone is only
slightly less active against haemolytic streptococci.
Sulphanilamide is the least effective of the drugs tested..
The survival times of mice dying from the infection are

related to the rates of absorption and excretiom of the
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drugs; sulphanilamide end the diamino sulphone, the most
soluble of the three sulphones, showed the shortest survival
times for treated mice in which therapy failed.

When attempts were made to assess the results of
alterations in the dasage and in‘the time of commencing
treatment, anomalous results were frequently obtained.
Reduction in the amounts given by triple dosage usually
resulted in a decrease in the number of cures, although this
was less evident in the case of sulphanilamide and diamino=-
7sulphone - the two more readily absorbed drugs. Administration
of the monoacetyl sulphone in a single dose instead of bj
equivalent triple dosage had very little effect im reducing
the number of cures. Prophylactic treatment with all fomr
compounds was of practically no value as a protection
against infection mwnless administration of thé drug took ~
place within a few hours before inoculation with the
organisms, Either, as in the case of sulphanilamide, the
therapeutic agent was too rapidly excreted, or else absorptionl

from the depot of a relatively insoluble drug such as the
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monoacetyl sulphone was proceeading at an insufficiently high
rate by the time of incculation, The explanafionaof this
s;ow%ng down process remains S0 far obscure, DelayedA
treatment wﬁs of value only in the case of sulphanilamide
and diamino sulphone, since both of these are readily
absorbed following injection, and administration of drug
was still effective in controlling an infection up to 6 bhours
after inoculation of streptococci. Treatment with the
monoacetyl sulphone, which is less soiuble and therefore
less readily absorbed, had to be bBegun not later than

2 bours after the inoculum fo obtain a high percentage of
cures. Prophylaxis of relapses by administration of an
additional dose of monoacetyl sulphone a day or so after

the standard triple dosage did not give a statistically
significant increase in the number of cures. Also, the

use of two drugs in treatwment which would havg been expected
to supply the advantages both of a readily absorbed drug and
of a more slowly absorbed compound failed to improve the

percentage of cures obtained with either drug alone.
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Investigation of the imnhibitory effect of p-aminobenzoic
acid on the therajeutic action of drugs of sulphonamiae
type confirmed the findihgs of other workers but gave no

further insight into the mechanisms which might be

involved.



SECTION III

THE COURSE OF INFECTION IN TREATED MICE

Ié
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During the experimental work already described on the
treatment of streptococcal infections in mice, several
instances of late deaths were recorded in which the cause
of death was shown to be stieptococcal septicaemia - an
experience also reported by other workers, Colebrook et gl.(Zl)!
Iong and Bliss (65,66). This suggested an investigation of
the day—~to=day condition of the blood of infected animals
undergoing treatment with sulphonamide drugs, a proéedure

which does not .seem to have been employed hitherto.

TECHNIQUE.

As previously described, mice were inoculated
intraperitoneally with a 24 hours' broth culture of haemolytic
streptococci diluted so that the dose, 0.25cc., was ten

times the inoculum sufficient to cause death from
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septicaemia of all untreated control mice in about 24 hours.
Subcutaneous treatment was given at 0,5, and 24 hours aft;r
the ingculum, dosage depending on the particular drug
employed.

For examining the blood of treated animals a simple
method was devised to minimise possible contamination during
the taking of the sample, | The mouse was placed in a
§losed box of a size just sufficient to accommodate it, with
i?s tail protruding through a slot in the 1lid; the tip
of the tail was dipped in a solution of crystal-violet
and brilliant-green (0.5 per cent, of each in absolute
alcohol) and allowed to dry for at least a minute, The
sufface of the tail was then wiped with cotton-wool soaked
in spirit and the tip refreshed with sterile scissots.

A drop of blood was expressed and one loopful (taken with
a small platinum loop of standard size - 2mm., in diameter)
used to make a single stroke on the surfagf of an agar

plate — a process in which practically the whole loopful

of blood was transferred to the agar surface. The plate
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was incubated for 24 hours and the number of colonies
counted., It was not found necessary to repeat the whole
sterilising process for every plating, a single swabbing with
spirit being sufficient to remove contaminants from the
tail-surface on several occasions after the original
painting, but the dye treatment was usually carried out at
weekly intervals during the period of the observations.

The difficulty previously met with in obtaining cultufes

of tail-=blood free from surface contaminants was no longer
found after the above procedure had been adopted. Daily
examination of treated animals was not found to have any
harmful effects on the ﬁice and even the precaution of
enclosing the animal in a box during withdrawal of the
blood was unnecessary after the second or thirdkday, as .

o
the mice very rapidly became accustomed to the process. -

3

When it was desired to inoculate fresh mice from animals
under observation, one drop of tail-blood added to 0.25¢cec.

broth was used for intraperitoneal inoculation of each new

mouse,



For these investigations two different strains of
haemolytic streptococci = Streptococcus Kruger Period IV and
Streptococcus Fhomson, both capsulated types — were used,
and treatment was with sulphanilamide and 4:4*-monoacetyl=~

diamino=diphenyl-sulphone.

UNTREATED CONTROLS.

In mice which were imoculated with & dilution of the
culture equal to 10 M.L.D. and received no treatment, there
was & rapid multiplication of the invading organisms in
the blood, and death from septicaemia usually within 24
hourg, Examination of the blood of such mice by plating
at frequent intervals during the first 9 hours after inoculatiod
showed that even after 1% hours a single drop of blood
contained up to 100 organisms, judging by the number of
colonies growing on agar. In 4 to 6 hours from the time
of inoculation multiplication of the invading organisﬁs
had reached a stage at which enumeration was practically
impossible, and no further difference in numbers could be

distinguished by the present methods of observation.
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TREATWENT WITH SULPHANILAMIDE.

As shown in Table XXVIII, out of 15 mice (taken from
three separate experiments;) treated with the standard triple
dosage of sulphanilamide only one was cured. The blood of
this mouse remained negative throughout the 31 days of
examination, while the animal itself was still alive and
well 5 months later. The other mice so treated died in
2 or 3 days after inoculation with no evidence of any
control of the number of streptococci in the blood, except
in 2 cases (B in Table XXVIII) where the blood was free
from organisms on the afternoon following the third dose,
but became positive the next day, and both mice died of
streptococcal septicaemia on the fourth day of the
experiment, fhis Series illustrates well the general
experience that in the mouse sulphanilamide is a
relatively inefficient therapeutic agent against eertain

streptococeal infections,



8 T

TREATMENT WITH 4:4'aMDNOACETYL-DIAM;E;—DIPHENYLuSULPEDNE.
Dosage was generally at the rate of 6.7,4.0,4.0mg. at
e, 5, and 24 hours, althoﬁgh three doses of 2,.5mg. or three
doses of 1;67mg. were used in some of the earlier
experiments.
In general the types of'behavibur arong mice inoculated
and treated as described above, may be divided into the
following categories :-

Cures (33%) (A) Organisms never found in the blood
(38% of cures).

(B) TFew organisms present at some stage
(38% of cures).

(C) Abundant organisms at some stage
‘ (24% of cures).

-

Death due to streptococcal septicaemia (67%) :=

(D) Blood never free fwxom organisms
(29% of deaths).

- (E) Orgenisms gradually appeared in the blood
before death (59% of deaths).

(F) Blood negative up to day of death
(12% of deaths).

(See Table XXIX.)
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Cures in which few or no organisms were ever found in
the blood were represented by about 25 per cent. of the total
mjce treated, while about 8 per cent. showed cure occurring
even after abundant streptococci had been observed in the
blood; In the latter, the period during which streptococci
were continuously present in large numbers was generally
l to 4 days, but in one inétanoe was 10 days (beginning 3 days
after a free period of 4 days), while another mouse was
eventually cured after a 23-day period of high infection
lasting from the third day after inocultion. When the
blood was never free from streptococci - (D) — the period of
survival after inoculation usually varied from 1 to 13 days.
- g survival period of 3% days being exceptional,

In the most common type of behaviour - (E) = death
occurred from 3 to 20 days after inoculation and the blood
was in many cases coumpletely free from organisms #£or a
peribd of 1 to 10 days during that time.

In 2 animals included in class (F) the blood showed

scanty streptococeci only on one and three occesions within
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the first week, but after free periods of 8 and 31 days,
they died suddenly of streptococcal septicaemia,

Certain facts of importance have appeared from these
tail-plating studies.

(1) A mouse infected with highly virulent haemolytic
streptococci and then treated, may appear to be in perfeat
health with sleek normal coat and good appetite, and yet
be found to harbour large numbers of fuldy virulent organisms
in its blood. A single small loopful of this blood
diluted in 0.2500‘ of broth and at once injected
intraperitoneally into a fresh mouse caused death in 24
hours, while Fhe original wouse continued to live apparently
unaffectéalbyuthe infected condition of its bloodstrean,
This has been demonstrated in the case of 9 separate animals
of which 3 were eventually cured, the above results being
obtained on 17 examiqations. Two animals, however,
similarly inoculated with & loopful of blood each from an
infected mouse survived without showing illness, although

broth cultures from other drops taken at the same time and
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incubated overnight caused fatal infections when 0,25cc.,
undiluted, was injected intraperitoneally. This result
indicates that in these cases the virulence of the organisms
;had been considerable reduced in the body of the host.

| (2) In only 2 out of 27 cases in which the organisms
isolated in culture from the blood of treated mice were
tested for virulence did the streptococei prove to be non=
virulent, In both these instances only scanty streptococeci
were Yound on pléting and while these grew freely in subculture
in broth, they did not kill mice injected with 0.25cc. of
the undiluted cultures. - In neither case did the original
mouée die from streptpcoccal septicaemia, although one of
these had three later relapses of one or two days' duration
when sgreptococci again appeaﬁed in the blood. The
virulence of these relapse organisms wuas only tested Dby
direct inoculation of blood once, and they then proved to
be non-virulent. The organisms were qapbuiated.

(3) Blood from mice which were resistant to the

large numbers of virulent streptococci in their circulation,
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was on two occasions used to inoculate further mice in
the manner described above, i.e; direct inocuiation of blood;
and these mice were then treated, but with smaller doses than
the original mice, In one series, 1 sﬁrvived oﬁt of
3 mice treated with 3.3,2,0,2,0mg.(7.3mg. in all), the
other 2 dying in 5 and 10 days respectively, while of
3 mice reeeivigg 2.0,1.4,1;4mg.(4.8mg. in all) all died
in 6 to 8 days. The untreated controls died in 24 hours, thus
indicating a highly virulent infection, In another
series the untreated controls lived for between 24 and 48
hours, the virulence of the organisms being somewhat
diminished, and all the treated mice were cured - the dosages
of drug being the same as those just mentioned. Meanwhile
the blood of the original mouse became free for 4 days,

and although death occurred then, no bacteria of any

kind were recovered post mortem from the heart-blood.
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DISCUSSION.

An analysis of all the findings of thege tail-plating

experiments allows the following points to be defined.

In_fected mice which were treated with the standard
triple dosage of sulphanilamide only very rarely showed’
immediate and complete sterilisation of the blood in the
casge of the strains of streptococci employed. The usual
result was a prolongation of life by a day or two as
compared wifh the untreated controls; occasionally the
drug produced a transient initial sterilisation of the
blood~-stream, but generally orgﬁniéms were pontinually
present in the blood.

With the depot-forming monoacetyl sulphone, the
picture of events following treatment was rather more
varied and seemed to be strongly influenced by the |
individualpﬁbét. Permanent sterilisation of the blood-
’stream occurred almost at once in 25 per cent, of the
treated mice, indicating a rapid response to treatment

which did not permit of further analysis of the factors
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involved in therapy. A more interesting finding was the
demonstration of the balance set up between invading
organisms on one hand and drug and defensive mechanisms
of the host on tihe other. In the case of mice which
succumbed to infection despite treatment, the same contest
between opposing forces was again evident, but in these
thé organisms eventually gained mastery.

The importance of the part played by the host in
biinging about control of the infection is emphasized by
the variety'of.the individual responses to treatment as
demonstrated by the study of the continued presence or
gradual disappéa?ance of virulent organisms in the blood.
This is no simple contest between a certain number of

virulent organisms and a measured amount of an activé

\

drug, for success or failure depends on the ability of the

host to assist in the destruction of the drganisms by
means of the defensive mechanisms naturally provided. A
similar inoculum of organisms injected without therapy

readily overwhelms the animal's normal methods of defence,



but adwministration of a drug of fairly p;olonged action
frequently enables the body to oppose such an invasion
successfully.

Eowever, the possibility must not be overlooked that
the natural response of the host to infection shows
considerable variations in different mice, and even with
mice of equal weight receiving identical inocﬁla of
organisms and dﬁses of drug, the final result depends on
the natural resistance of the animal to infection. That
this "mouse factor" may not be quite great enough to turn
the scale in favour of complete cure, is shown in the
following instance. In this animal the numbers of
streptococei in the blood showed alternate rises and falls
uatil the 17th day of the experimemt when a very high
level was reached and meintained for 12 days. A sudden
fsll in numbers was obse#ved on the 30th day, but there
was not complete disappearance of the organiﬂms; these
bad increased again by the following day and death occurred

from streptococcal septicaemia on the 37th day.



it has been demonstrated by the above method of
examination that virulent organisms may persist in the blood
of a mouse for a congiderable period without any apparent
ill effects on the host, which may eventually recover
completely and show a negative blood culture. It also
appears that in some animals the circulating prganiSms
become diminished in virulence just before they finally
disappear from the blood, Both these findings agree with
' the theory that é balance is set up between the opposing
elements in the body of an infected and treated animal,
and the second illustrates the means by which the invading
organisms are finally overcoue.

It has already been pointed out by Browning.(é),
in confirmation of results reported by iiellon et al.(77),
that films made from the peritoneal content of inoculated
and treated mice showed no very great abnormalities as
regards the types and numbers of cells present. Scanty
streptococci were found to persist, however, and these

yielded abundant growth on cﬁlture of a smell loopful of
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peritoneal exudate. The heavy dose of virulent organisms
had been almost completely suppressed by the combined action
of drug and body defences, but recrudescence of'the infection
followed rapidly on cessation of treatment. The organisms
recovered on one occ;sion after such a failure of therapy
were found to be distinctly attenuated in virulence when
compared with the organisms of the origimal inoculum, This
suggqgts that, as in the reaé¢tion of ilmmunised animals
towards inocula of virulent anthrax bacilli (Preisz,92),

the conditions in the body of a treated mouse are often
unsuited for the continued proliferation and development
of pathogenic properties. A similar occurrence has
already been described in the present work (p.87). Blood
from a mouse which was resistant to the large numbers of
streptoéocc; present in its circulation, was used to
inoculate a set of fresh mice., The untreated mice of this
‘set livéd for up to 48 hours, thereby indicating a slighf

diminution in the virulence of the organisms, while the

treated mice all survived infection, The conditions of
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organisms versus host's tissues plus drug had merely been
continued in the newly infected and treazted animals;

In no case has any alteration occurred in the
capsulation of organisms during fhg course of observations.
The significance of these experimental findings is
discussed further in Seztion V along with other theories of

sulphonamide action, -



SECTION IV

'THE ACTION OF SULPEANILAMIDE IN VITHO




In view of the considerable antibacterial action shown

N

| by the sulphonamide drugs in experiments in !;zg{with
- certain org&nisms{}it is surprising at first to find how
slight an effect'is produced when these drugs are tested
against the samc‘organisms in vitro in the ordinary typeé
of culture wedium. This is in direct contrast to the
results with drugs which have powerful antiseptic
properties in vitro, since the latter are of little value
- for the treatment of a generalised bacterial infection.
The particular type of organism used is of great
importance; The parasitic nature of certain organiesms
is shown by their metabolic fequiremants; if an organism
requires for its food-material a compound occurring

naturally only as a result of the activity of some other

living system, it becomes obligatorily a parasite.



.,..,9 5;..

Organisms which produce a generalised infection in the

living body are by nature parasitic, and the presence of blood,
serum,’or some form of protein digest in the culture medium

is usually, but not always, essential for their unrestricted

growth in vitro. By differentiating between the necessary

———

and the superfluous components of those added materials,
the so-called "synthetic media" have been evolved, In
the case of the streptococcus, however, the complexity of
the synthetic medium required has led several workers to
ca:ry'out in vitro experiments with the sulphonamide drugs
by means of Q; coli - an organism which grows abundantly
in medium of fairly simple composition., It is doubtful
ﬂ:in how far the rssults with one species of organism can be
’Eappliod directly to another. Cooper et al.(23), using a
étrain of Flexner'é-dysenxery bacillus in several types of
medium, suggeéted that there was a direct relétionship
between the nutritive quality of media and the degree of
bacteriostatic or bactericidal sctivity observed - the

meéium most favourable by itself to growth giving the bhest
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inhibitory results in presence of the drug, While
enrichment of e simple medium by the addition of blood or
serum, etc. undoubtedly increases the nutritibe value of
the medium, it was found that other factors were introduced
at the same time which interfered with drug activity, and
the identification of these widened the field of
investigation of sulphonamide action.

It is proposed in this section to deal with the
published and experimental results of in vitro trials in
so far as thej are concerned with the different degrees
of antibacterial activivy of the sulphonamide drugs in
varying types of media and the theories of their mode of
action which have been evalved. TFinally the devedopment
of resistance to the drug both in vitro and im vivo will

be considered.
L
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PUBLISHED RESULIS.

Effect on Haemolytic Streptococci.

Colebrook et al.(20) found that 1:10,000 sulphanilamide
in Wright's broth was sufficient to slow down the growth
of a small inocuwlum of streptococeci for 2 to 5 days, but
large inocula were not inhibited by 1:100 sulphanilamide,
Sulphanilemide in defibrinated human blood or serum caused
slow destruction of the organisms after a period of about
6 hours' multiplication in presence of the drug; but the
blood of rabbits, guinea-pigs, or mice, and deleucocyted
human blood were all léss satisfactoryﬂme@ia in which to
demonstrate bacterieidal action, Finklestone~Sayliss
et al.(28) emphasized that growth of the imoculum was
stimulated at first by sulphanilamide and than there
followed a rapid declinme in population; and also that
26=nour cultures were almost immediately affected by
1:10,000 sulph;nilamidé as compared'to young cultures,

Mellon et 8l1.(77) noted the discrepancy between reports

that sulphanilamide in concentrations of 1:10,000 to
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1:25,000 in broth{ human serum or human blood was distinctly
bacteriostatic and sometimes bactericidal to haemolytic
streptococei (Tancefield Group A) and denials that there

was sueh bacteriostasis, and emphasized the variation‘in
results caused by small changes in technigue. The effect
of temperature on the antibacterial properties of
sui@hanilamide was noted by White et 8l.(116). Bactericidal
action was observed at 4000, whereas under the same conditions
at 3700 onlylinhibition of growth of streptococeci in
peptone-glucose broth could be demonstrated. According

to Chendler et al.(18) there is a period of normal
multiplication of the organisms before the bacteriostatic
effect of the drug becomes manifest, but organisms which

" had been grown overnight in sulphanilamnide medium showed
only a very brief period of multiplication when subcultured
in fresh sulphanilamide medium before growth was markedly
inhibited. This agrees with thé general finding and with
the theory of Kobn et al,(51) that certain substances

essential to growth and multiplication are stored within
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the bacterial cell and the rate of their synthesis is
inhibited by the sulvhonamides, but before the effect of
the drug can be seen the reserves within the organisms

. of the inoculum must first be depleted. Wolff et al,(117)
thought that sulphanilamide acted only when the organisms
were in course of reproduction and had divided a certain
ngmber'of times. They calculated that a minimum number
of 28 divisions of the bacterium in presence of the drug

was required before sulphanilamide acted on the organisms.

Sulohonamide Inhibitors.

It soon became evident that the failure to demonstrate
the antibacterial action of sulphonamides in certain
types of media must be due to the presence of some
opposing agent. Lockwood (62) pointed out that even a
small quantity of peptone - a common ingredient of nutrient
media - when added to serum prevented the antibacterial
action of sulphanilamide, a fact which was confirmed by
many other workers. Gay et al,(34) compdled lists of

factors which either aid or inhibit the growth of
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streptococeciy and stated that when tested under conditions

favouring growth, sulphenilamide produced bacteriostasis

to a degree depending invergely on the sum total of

adjuvant growth factors present. Long and Bliss(67,pp.97-101)

.have also supplied a list of the variables which may

influence the result in vitro when sulphanilamide is added

to haemolytic stieptococéi: (1) size of inoculum; (2) age

of culture; (3) virulence of culture; (4).composition of

medium, both that in which the test is carried out and that

in which the cultures may be diluted for use; (5) temperature

at which the.test.is .carried out; ..{(6).duration of contact.
Stamp (111) found that in heart-broth the bacteriostatic

effect of sulphanilamide was interfered with by the

presence of 1 per cent; or more of peptone, similar amounts

of serum or glucose, and relatively small amounts of

heat-killed homologous organisms, while Green (36) isolated

& growth- or "P" factor from broth cultures of Br. abortus

which had an inhibitiﬁg effect on sulphonamide agtion,

. and showed that this "P" factor could also be obtained
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from "marmite", yeast, casein digests, and certain peptones.

p=Aminobenzoic Acid.

Finally Woods (119) isolated from yeast extracts a
sulphanilamide antagonist which was apparently identical
with p-aminobenzoic acid. It wus thought that the
chemical similarity between sulphanilamide and p-aminobenzoic
acid might account for the phenomenon of interfgrence} This
explangtion of sulphenamide antagonism was follawed up
by Fildes (27), who considered that the antagonist, e.g.
p~aminobenzoic acid, competed with sulphanilamide for an
enzyme of which the former was the natural substrate.

Under conditions in which p-aminobenzoic acid was preéent
only in normal quantities or was synthesised by some
earlier stage of metabolism, the structurally similar
sulphanilamide - if present in sufficient concentration -
might be capable of displacing p-aminobenzoic acid from
its enzyme and stopping an essential line of metabolism.
Addition of p—aminobenzoic acid therefore supplied a

necessary growth factor of which normel utilisation had
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been prevented, and so allowed continued growth of the

organisms despite the presence of sulphanilamide,

Qther Inhibitors of Sulphonamides.

Sulphonamide inhibitors were demonstrated in extracts
of fresh normal muscle, pancreuas, spleen (iiacLeod, 85),
rabbit~blood, mouse-blood (in red cekls only), mouse-urine,
but not in human blood, mouse serum or lymph (Fuller et al.,3l).
The presence of‘suuh inhibitors gives a éossible explanation
of the failurevto demonstrate the bacteriostaticjaction of
sulphanilemide in various media. The sulphonamide-
antagonising action of methionine which is not structurally
releted to sulphanilamide and does not stimulate bacterial
growth, was noted by Bliss et al.(5) and Harris et al.(42),
and wag thought to be involved in an enzYme reaction
secondary to that involving p—aminobenzoic acid. Aleso
MeIlwain (80) noted further examples of reversal‘of
antibacterial action even although the drug and its

inhibitor were not structurally related.

To overcome the difficulty attending the use of



peptone and weat infusion wacleod and uirick (87) claimed
that culture medium should be treated by boiling with
charcoal in the course of preparation, since this removes

the sulphonamide-inhibitors.

Effect on Enzyme Reactions.

Several suggestions have been made on the basis of
experiments in vitro as to the nature of the enzyme reaction
affected by the presence of sulphanilamide. Sevag et al,.(109)

studied the respiration of Streptococcus pyogenes and

considered that it was the blocking by the sulphonamide
drugs of the respiratory enzymesvof the organism which
eventually inhibited growth, while Shinn énd Main (110,70)
favoured the anticatalase theory which may be briefly stated
és‘ﬁﬁllows; When one of the by-products of cell-metabolism
is hydrogen peroxide, the accumulation of this compound
will tend to kill the organisms unless catalasé is present
to keep the hydrogen peroxide level below a critical value.

|

It was suggested that sulphanilamide is converted by mild

oxidation to a derivative which is & highly active



~10 4~

anticatalase, The fact of increase in hydrogen peroxide
and consequent retarding of growth in the presence of
sulphanilamide was demonstrated in vitro, but it is doubtful
whether this can be accepted as an explanation of the
mechanism of the action ;g.z;zg. It has also been éhown
(Mann et al.,71) that sulphanilamide inhibits the action
of the enzyme carbonic anhydrase in vitro, and an in vivo
demonstration of this inhibition was given by Bemesch et al.(4).
Carbonic anhydrage which catalyses the feaction

| 1&2033:--‘ C, + HO
plays an iwportant pa;t in the production of calcium
carbonate for egg-chell formation, and fowls which receive
non-toxic doses of sulphanilamide lay eggs of which the
shells are either very thin and pitted or completely absent
owing to carbonate deficiency. This effect is purely
;iémporary and disappears as the sulphanilamide is eliminated.
The inmmediate application of this phenomenon to

chemo therapeutic effects is not apparent, however,
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influence of Oxidation on Action of Sulphonamides.

Another theory of sulphonawmide action which has been
developed as a result of in vitro investigations is fhat of
McLeod et al.(88), They consider that oxidation of
sulphonamides ig an essential step in the development of a
bactericidal effect, although the reiationship of these
obse?vations‘to the inhibitory effect of p-aminobenzoic

acid on sulphonamide action remains abscure.

Effect on B.Cali.

Wood (118) has made a detailed study of the quantitative
relationship bctween.puaminobenaoic acid and‘the,bacteriostatie
effect of various sulphonamide drugs, the test organism
being B.coli, which is readily pro@agated in synthetic
media free from sulpbonamide inhibitors. The minimum -
amounts of p-aminobenzoic acid required to prevent
bacteriostasis with varying amounts of aulphanilamide were
found to be such that the ratio of pﬁaminDSonzoic acid to

drug was approximately constant.
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If (PAda) = winiwam molar coucentration of p-amino—
benzoic acid required to counteract the bacteriostatic action
of (8) = molar concentration of sulphonamide drug,
then (PABA)/(S) = K = "bacteriostatic constanty

K varied with tﬁe type of organism, the size of
inoculum, and the conditions under which growth of the |
e#rganisms occurred; but when these variables were
standardised, K became an index of the relative
bacteriostatic power.of the drug testéd - the greater
the value of K the wmore potent the drug,

It has been estimated that one molecule of p-amino-
benzoic acid is sufficient to antagonise 23,000 wolecules
of sulphanilamide (Rubbo et g;.,lOE); But the striking
difference between the effective concentrations of
antagonist and drug does not necessarily invalidate the
theory that the two compounds compete far the same enzyme
gystem; the affinitﬁ of the antagonist - p=aminobenzoic
acid - for the enzyme may be far'greater than that of the

drug, in which case a great excess of drug will be necessary
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to block the emzyme in competition with g small amount of

antagonist,

AUTHOR'S EXPERIMENTS.

In preliminary experiments to ascertain the bactericidal
Properties of sulphanilamide trials were mgde by thc.method
regularly employed in this laboratory for testing the
potency of antiseptics (Browning and Gulbrangen, 10), but
with some modifications in the media empl§yed. . Thus
1 per cent, Bacto-peptone meét—infusion broth and sheep
serun (previously heated at 56°C for 30 minutes) were
used; the organism ﬁas the capsulated Streptococcus Kruger
of Period IV, The antibacteri#l effect of sulphénilamide
demonstrated by this means was not in any way noteworthy,
and a comparison with the action of a powerful antiseptic
such as acriflavine is shown in Table XXX, In peptone
broth some bacteriostatic activity was ashown by sulphanilamide
in a cyncentration of 1:1,000 against the highest dilution
of organisus used - 1:100,000 - an effect.which was more

marked when sheep serum was the test medium, With
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acriflavine also a relationship was demonstrated between
the dilution of organisms and the concentration of drug
required to produce sterilis&tion under the test conditions.
In this method the organisms are exposed to the drug over a
period of 48 hours during which the nutritive properties
of the wmedium may have undergone marked changes, espeéially
if there has been initially abundént proliferation.
Accordingly it appeared important to renew the environment
by daily subculturing into fresh medium containing the
arug,

Both peptone broth and sheep serum were used for such
a course of daily subculturing, at first without the addition
of sulphanilamfide, The organism was Streptococcus Krﬁger
in the capsulated phase of Period IV, In peptone broth,
32 sueeessive subcultures were made with no obvious |
alteration in the appearance or behaviour of the test
organisms. Growth throughout was readily visible within the
incubation period of 24 hours, while the organisms retained

unaltered their virulence for mice and their capsulated
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appearance. In sheep serum, however, growth of the
organisms was never visible, although it could be
demonstrated by plgting out on agar medium; but the
organisms, while still capsulated, rapidly lost their
virulence for mice, It was therefore decided to restrict
the experimental work to the study of antibacterial offecfs
in peptone broth.

The basis of peptome broth is horse-heart from which
& meat-infusion is prepared either by extracting 500g. of
meat with 1000cc. of cold water for 24 hours or by heating
wifh water gradually to boiling-point and allowimg to boil
for 1% hours, The particular method of extraction used
has not affected thc\present}results to any extent, 1 per
Cent, Bacto—-peptone and 0,5 per cent. #odium chloride are
added to the imfusion and the whole rendered distimctly
alkaline to litmusg by addition of 4 per cent. d@odium
hydroxide solution in order to precipitate phosphates.
After filtration, the pH is adjusted to 7.8 and the broth

""lv.a,utoclaved”rGEdy Por use. While this med_ium is one of

N
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fair nutritive value and capable of supperting good growth
of most organisms, it seems to be impossible to énsure that
the composition of the horse-heart infusion will @lways
be the same, and the slight variations resulted in some
difference in behaviour when streptococci were imoculated
into broth plus sulphanilamide or acriflavine, although
drug-free broth of the same batch provided apparently
normal growth of the organisums,

With each batch of peptone broth the general scheme
- was to distribute the medium in 5,0cc. amounts with or
without added drug, and to subculture daily or, whean
growth was slow, every 43 hours, The inoculum throughout
was two loopfuls of a stgndard platinum loop of about 2,0mm,
in diameter, the initial inoculum in each experiment being
faknn from a 24 hours' broth culture showing normal growth,
capsulation, and mouse-virulence. Vhen & tube showed mo
visible growth after 24 hours' incubation it was examined
again after 48 hours and finally discarded as sterile if

there was no growth after 72 hours. Frequent estimations
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of mouse-virulence and examimations of eapsulatjen were
made in the course of the experiments,

Nine different batches of broth made from altogether:
four differmnt horse-hearts were used in fourteen separate
series of experiments. With seven of these specimens of
broth (elegen series of experiments) the primary culture
inoculated in presence of 1:1,000 sulphanilamide yielded
full growth of streptococci with diminished virulence; but
no further growth could be obtained on subculture into
fresh tubes of the sameJdru@rcontaining broth, Alternate
. passages through broth cemtaining 1:1,000 sulphanilamide
and drug-free broth gave continuous full growth, but while
the virﬁlence for mice was high in the alternate cultures in
drug-free Broth, the effect of growing the streptococci
in presencd of 1:1,000 sulphanilamide for 24 hours was to
diminish the virulence slightly - 0.25cc. of a dilution
of 1810,000 takimg 2 to 4 days to kill a mouse, whereas a
dilution of 1:1,000,000 of a culture in drug-free broth was

usually lethal im 36 hours. The other two specimens of
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broth (used in three series of experiments) showed silight
diminution of virulence in the primary subculture comtaining
1:1,000 sulphanilamide, slowing of growth in the second
subculture necessitating further incubation, and regular
growth in the fhilowing subcul tures, but the virulemce for .
mice was very gfeatly diminished ot completely lost by the
third subculture. Capsulation was uaaltered,

Lower concentrations of sulphanilamide in the bréth,
1:2,000 to 1:6,000, etill produced effects similar to
1:1,000, On three occasions when continued passage was
attempted in broth comtaining l:6,000 the growth of
streptococei was inhibited completely in the secomnd culture.
1:7,500 to.l:lOO;OOO sulphanilamide allowed good growth
of streptococci on serial transfer, and the latter
concentration had produced no alteration in the virulence
of the cultures for mice aftér ten passages.

Discrepancies in results, however, were found even
dﬁring the use of one batch of Broth im parallel series

of experiments. In one instance, 1:1,000 sulphanilamide
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inhibited growth of streptococci slightly in the second
subcul.ture, but the third and following subcultures in the
same medium showed good growth with complete loss of
virulence, On the other hand, growth took place im the
first subculture with 1:3,000 sulphanilemide im the same
broth, but was completely inhibited thereafter.

Since gome of these variable results (although #ot that
last mentioned) are due presumably to slight differences
in the cempositién of the culture medium already referred
to, MacLeod's (87) method of removing sulphomamide-inhibitors
from meat-infusion broth was tried. In the preparation of
the medium the filtered broth was acidified to pH 5,0 to
545 and 2g..of powdered charcoal added for every 10Occ,.
The mixture was brought to the boil over an open flame and
immediately filtered. The fimal pH was adjusted to 7.8
and the medium autoclaved. This medium certaimnly produced
an increase in sulphanilamide bacteriostasis when treated -
and untreated broth prepared similarly from the same source

of meat were compared., Broth which without charcoal
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treatment had given regular growth of streptococeci im
presence of 1:1,000 sulphanilamide (with loss of virulence),
showed after charcoal treatment, in one experiment, no
growth in the second and subsequent subcultures with the
same comncentration of drug; in two other experiments
complete absence of growth im the primasry culture ia
concentrations of 1:1,000 to 1:8,000 was found.

The most imnterssting resultsvyore those obtained from
growth,of the organisms in presence of imcreasing amounts
of the drug in unmtresated broth. The content of
sulphanilamide was gradually increased from 1:9,000 to
1:1,000 in the course of 7 daily passages; at the end of
this time th§ virulence of the organisms was high (0.25cc,
of a dilution of 1:1,000,000 being lethal for mice) and
remained practically unchanged after 7 further daily

passages through 1:1,000 sulphanilamide broth. With the
same batch of broth, however, after 6 successive subcultures

im 1:3,000 sulphanilamide followed by 7 subcultures im

1:1,000 a distinct dimimution in virulence was found, even
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a dilution of 1:10,000 sometimes failing to kill im a dose
of 0.2500; There was agaim no visible alteration in
capsule formation,

It was found in parallel experiments that those batches
of broth which showed bacteriostasis in presemce of 1:1,000
sulphanilemide, followed by complete absence of growth in
subcu;ﬁure in the same mixture, also gave inhibition of
growth of the streptococci in presence of l:l,OO0,000
acriflavine., On the other hand, good growth in
sulphanilamide broth ﬁith gradual loss of virulence was
accompanied by corresponding growth, but slightly more
rapid loss'of virulence, in acriflavine broth., Accordingly,
the effects of a sulphonamide compound omn virulemce are mot
uaique, but are paralleled by acriflavine and depend to &
great extent on factors, so far undefined, in the nutritive
medium used,

Ioss of virulence for mice following growth im presence
of 1?1,000 sulphanilamide was not restored by further

subculturing in absence of the drug in & highly nutritive
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culture medium - meat—infusion broth contaiming 1 per cent,
peptone amd boiled after additiom of 5 per cent, rabbit-blood.
Also, while a subculture in plain broth in a control series
still gave a Lancefield Group B reaction after 11 passages,
the mom-virulent organisms of the correspomding
sulphanilamide broth subculture reacted to neither Lancefield
Group A nor Group B, amd remained the same evean after 4
subcultures in drug~free brotih.

A small number of experiments have been carried out
with the non-capsulated organisms of Streptococcus Kruger
Period V, but the virulence of the strain was readily
diminished by a number of passages through drug-free broth,

iLess of virulence observed when the non-capsulated organisms

E
‘were grown in presence of gradually increased concentratioas

\

bf sulphanilamide has therefore little significance,

Conclusions.
The results in vitro with the capsulated phase of
Streptococcus Kruger are highly variable and while so far

this difficulty has not been overcome, the following
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statements may be made;-

(1) Full growth of streptococci in high concentrations
of sulphanilamide (1:1,000) may occur occasionally along
with undiminished virulence. This result was obtained
by gradually increasing the amount of drug in the medium
from an initial level &f 1:9,000.

(2) Frequently fall growth of the streptococci occurs in
the initial cglture containing a high concentration of
sulphanilamide (1:1,000), but the virulence is diminished;
oRr subculture there is no growﬁh in the same medium.
Alternate subculture imn drug-free and drug—-comtaining
media may succeed, and inm theﬁiatfei the growth is
diminished in virulence, whereas in the absenee-of drug
it is fully virulent,

(3) The variability ian results, apparently due to the
medium, waS'qbtainod with acrifiavine a8 well as with
suiphanilamide;

' (4) No changes have been observed in the state of capsulation

of the organisms grown inmn drug-broti.
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(5) Cultures which had been rendered mom-~viruleant by
sulphanilemide did not regain their virulence on further

:gbassagés ie drug-free mediuu.
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ACQUIRED RESISTANCE I0 SULPHONAMIDES.

When orgesnisms are exposed contimually to the action
of a drug there are several possible results:-
(1) If the comcentration of drug is sufficiently great,

the organisms may be killed.

- (2) If the‘concentration of drug is below the bactericidal
level, the effect may be merely bacteriostatic, with
renewed growth on transfer to drug-free medium. .In this
case a balance is set up between organisms and drug.
(3) Sfill smaller concentrations of‘arug; perhaps gradually
ineroased iﬂ successive subcultures, may have the tendency
to set up drug~resistance; the organiisms become accustomed‘
to the presence of the drug and are mo longer susceptible
to its antibacterial powers.

The third possibility is on the analogy of d:ug-
resistanco of trypamosomes and muph work has beem domre on

these linmes.,
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OBSERVATIONS OF GTHER WORKERS.

Sulphonamide Resistance of Pmeumococci.

In the tase of the pneumococcﬁs evidence is fairly
comclusive that drug-resistance has been encoumntered in both
climical and experimental work. Hamburger et al.(4l) found
drug-resistance occurring im a climical ease of pneumococcal
infection ; ultimately fatal -~ where treatment with a
sulphonamide drug was carried out intermittemtly over 6
wonths, and Rosg (101) had previously reported a similar
increase in tolé#&nee of the drug by the organism,. iiaclean
et al.(83) passed a pueumococcal inmfection three or four
times through mice treated with sulphapyridine and foumd
that the strain was altered in its semsitivity to the drug,
although remaining unchanged im virulence, capsulation, and
\resistanee to phagocytosis. acLeod et 5;.(86) produced
similar drug-fastness imn am otherwise practically undhanged
paeumococcus by serial transfer (33 times) im serum-broth
containing increasing amounts of sulphapyridine; this drug-

fastness was mot affected by 30 further transfers in plain
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broth or 10 passages through untreated mice., Horsfall (47)
Produced similar incressed resistance of preumococci to
sulphathiazole by successive subculturing om so0lid medium,
and found & marked decrease in virulence for mice although
the orgenisms remained encapsulated and type—specific; the
reduced virulence did not change through numerous subcultures
in absence of the drugs. Schmidt et al.(106) established
resistance both in vivo and in vitro. They considered such
resistant strains to be developed by selective propagation
of drug-resistant varignts, while Sesler et al.(108) compared
various drugs of sulphenamide type and found that though

the rate of production of resistance varied from drug to

. drug, resistance acquired to ome sulphonamide drug comferred

. on the organism resistance to the others.

Sulphomemide Resigtance of B.Coli.
Kirby et al.(50), with B.coli as the test organism,
developed drug-resistance by daily transfer im vitro in
culture media containing various sulphonamide drugs. It

wag comfirmed that drganisms regigtant to ore gulphonamide
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drug were also resistant to other drugs of that group,

but development of drug-resistance was thought to be due

to alteration in metabolism rather than to selective
propagation., Harris et g;.(4j) also investigated the
development of resistance by B.coli to sulphohamide drugs
and‘showed“that the resistance of the organism depended not
only on the medium in which the organism had been treated,
but sdso on the type of medium in which resistance was
tested, e.g. when resistance was measured in synthetic
mediwn containing 1 per cent, proteose peptone, a strain of
B.coli trained to grow in presence of sulphonamide in that
same medium was more resistant than one trained in sulphomamide-
medium without peptone.. S0 a straim which was actually
quite resistant in vivo might not show such resistance in
vitro owing to the difference between the in vivo and im

vitro enmvironments.

Sulphomamide Resistance of Streptococci.

Hendry (44) described the isolation from the blood of

an infected horse just before death of Group A haemolytic
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streptococci which had developed a certain degree of
resistance to sulphanilamide during treatment with that
drug. These organisms showed reduced susceptibility to
. Ssulphanilamide as couwpared with the origimal strain when
tested in witro. licIntosh et al.(8l) have claimed the
ready development of drug-resistant strains of streptococci
énd also stapiaylococci by serial transfer in broth containing
the drug, a careful balance being maintained between the
autritive value of the medium and its propeity of imhibiting
| the action of the drug. Thg drugs used included various
aminoacridines, propamidine, and quindolime methochloride
in addition to sulphonamide compounds, and the authors
supported the view that the production of resistance was
due to an alteration in metabolism. Serial transfer of the
organisms in medium containing thg drug was also“stﬁ@ied
by«Hbsenthal (99) who usea 2 per cent. neopept;n;wﬁioth
containing 1:1,000 sulphanilamide and found that theme was
no imhibition of a fairly large imoculum of streptococeci.

Growth became more flocculent as a result of daily transfers
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in this medium, but with no appreciable change in colony form
or mouse-virulence. Chandler et al.(18) carried out
repeated serial transfer of a strain of haemolytic
streptococci in neopeptone-water plus horse serum

containing 1:10,000 sulphanilamide and found after 18 transfers
no;permanent morphological change nor any evidence of
attenuation. Hadley et al.(39), on the other hand, with
two kinds of broth, both containing glucose and peptone

but no blood or serum, found 1:10,000 to 1:40,000
sulphanilamide to be markedly bacteriostatic at 37°C.

Serial passage in broth containing increasing coﬁcontrations
of the drug gave temporary transformation to the smooth
phase associated with sub-acute or chronic infections, and
great diminution in virulence for mice, Further seria;
passage in broth comtaining still increasing concentrations
of drug, however, restored complete}y the mucoid appearance
of the streptococci, but it is not Qlear w@ether the
virulemce also was restored.

An exguple of the changes accompanying the developument
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of drug-resistance was given by Howie {48) who subcultured
the capsulated Aronson strain of streptococcus every few
days alternately on agar and broth media in the presence of
gradually increasing amounts of acriflavine. The drganism
adapted itself to growth in presence of the antiseptic,
toierance to acriflavine increasing 40 times. A non-
capsulated variant of the streptococcus appeared as a
result of the treatment; ‘this differed from the original
organism mot only in its lack'of capsules but in producing
granular growth in broth, as éontrastedlwith even turbidity,
 longer chains of organisms, and rough colonies on agar
instead of smooth, while the virulence for mice completely
disappeared. In Howie's experiments the altered strain
tended to revert quickly to the original form when
subcultu?ed.on drug~free media, whereas drug-resistant
trypanosomes usually retain their resistance sfter many
passages through untreated animals.

In general, there has been little or mo attempt to

correlate sulphanilamide resistance acquired in vitro with
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the virulence for mice of the streptococci concerned, It
- should be noted that loss of virulence is the rule when
adaptation of pathogenic bacteria to drugs is effected

in vitro; accordingly the drug-resistant organisms have
frequently been deprived of their most important esharacter
and have become degraded to saprophytes from which no
conclusions as to chemotherapeutic behaviour can be drawn.

Theories of Development of Drug-resistance.

Attempts héve been made to correlate sensitivity to
sulphanilamide with the yield of anti-sulphanilamide factor,
and Green et al.(37) have suggested the most probable
explanations of sulphanilamide resistance to be:-

(a) more rapid synthesis of p-aminobenzoic acid; (b) more
rapid release of p—aminobenzoic acid from the organisma

into the surrounding medium; (g) (a)vand (b) occurring only
in presence of sulphonamide; oI (d) reduction in p=amino-—
benzoicracid reguirements. Landy et al.(52) congidered
sulﬁhonmmide resistance (studied in the case of 3ta lococcus

aureus) as due to increased synthesis and liberation of
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P-aminobenzoic acid. The result of continued exposure

to sulphonamide is the development of the ability to
synthesize p-aminohenzoic acid in excess of normal metabolic
requirements, and hence sulphonamide resistance appears;
Difflusion of sulphonamide inhibitors from colonies of
sulphonamide-resistant strains of organisms has been shown
by Zimmermen et al.{(120) to allow the growth of satellite.
colonies of a more susceptible strain within the zone of
diffusion on the surface of agar containing sulphonamide,
put the property of stimulation of satellite growth depended
on the liberation of inhibitor rather than on sulphonamide-

resistance in general.

AUTHOR'S EXPERIWENTS.

In the course of the in.yitro experiments described
above, a strain of streptocoocilwith ninewfold incieased
resistance to sulphanilamide developed on anly one
occasion (p.114). 'The registance achieved in this case
consisted in the ability of the organisms to yield Sormal

growth in presénce of an amount of sulphanilamide which
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had previously proved bacteriostatic. These organisms
were still capsulated and retained their original virulence
for mice, Attempts to reproduce this result all failed.

As far as experiments in vivo are concerned - Section
III - there is no evidence of the development of any lastiﬁg
drug-resistance by the organisms during continuous treatment
by absorption from a depot of drug.

The acquisition of drug-resistant characteristics by
the Kruger'strdin of streptococci during repeated passages
through mice in absence of sulphonamides hasg alreédy been
described - pp.51,73. It has been seen that this result
was associated with the development of capsules by the

ES

organisms.
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The natural defences of the body aéainst infeection
are (a) phagocytosis and subsequent destruction of the
organisms, (b) the bactericidal action of the body fluids
(i.e. serum), and (c¢) the possible neutralisation by the
serum of toxins produced by the invading organisms. It
is when such normal defences are insufficient to arrest
the progress of the infection that artificial methods such
as drugs or antiserum-therapy must be employed. On the
basis of the observations Q& drug action imn vivo already
~described, it is of interest to éxamine the theories which
have been advanced to explain the effects of ehemotherapeutic
agents of the sulphonamide group in living tissue either
as a direct action on the infecting organisms, an

enhancement of the defengive mechanism of the host, or a
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combination of the two.

While wuite clearly there is no possibility that the
diphenyl—sulphonés are acted upon in the body of the host with
formation of sulphanilamide, as occurs in the case of
Prontosil, it is convepient to study the sulphone drugs
along with sulphanilamide, since there seems to be a
distimc¥ similarity in their mode of action. The question
is not congidered here as to whether the actual
ehemotherapeutié agent is the drug as such or a derivative
formed within the body as suggested by Burton et al.(14) on
the basgis of in vitro experiments with p-hydroxylamino-

bénzene sulphonamidé.

ANTICAPSULO GENIC THIORY.

It is obvious that a capsulated organism is likely
to be more resistant to agents f;?m without than a non-
capsulated one, and Levaditi and Vaisman (59) advanced
the view that the action of Sulphanilamide might consist

in rendering the medium within the host unsuitable for
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the development of the protective capsule and hence exposing
“the organisms to phagocytosis, a8 the same authors had
already suggested in the case of Prontogil (54). To

prove this they studied the course of_pneumococcal infections
in treated mice; and they also suggested that the drug
neutralised bacterial toxins. But Long and Blis_s (65)

and Colebrook and Kenny (21) were umable to confirm the
anticapsulogenic property in the case of sulphanilamide

aﬁd streptococéal infections. On the other hand,
Schlossberger and Bar (104), as already noted (p.33) found
that the addition of mucin to the inoculum of streptococei
protected the organisms from sulphaﬁilamide by formation,

ag it were, of an artificial capsule. The experimental
results alreédy given (p.52) for the action of sulphanilamide
on the non-capsulated and capsulated phases of Streptococcus
Kruger and on the other capsulated strains of streptococci
show a definite lack of therapeutic efficacy for the drug
against capsulated organisms. No evidence has been

found in the pressnt work of any loss of capsules occurring
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in the course of successful treatment of a streptococcal
“infection (p;93), while the fact that such degenerative
changes in the capsules have been pbserved in the course

of experimental pneumococcal infections is usually
interpreted as ﬁeing merely the normal process by which the_
bodily defences attack and dispose of the invading

preumococei (Whitby, 113).

ANTI~TOXIC AND ANTI-ENDOTOXIC THEORY.

The view has been advanced that the sulphonmamide
drugs act by neutralising the toxins or endotoxins produced
by the imvading organisms - Levadi#i et 8l.(55). However,
Gross et al.(38) reported that sulphanilamide exerted mno
anti-endotoxic action in mice against formalin-killed
meningococci or streptococci, or diacetylamino=-diphenyl-
sulphone égainst formalin-killed streptococci. Levaditi
and Vaisman in various reports (56,60,57,58) claimed
successful results in vivo with sulphonawide drugs against

the endotoxins of gomococci, memingococeci, and B.dysenteriae
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(Bhiga and Flexner), but failure against staphyloceccal
endotoxin. Bayliss (3) reported also that sulphanilamide
did not inactivate toxins of staphylococci in vitro.
Meyer (78) and Osgood et 8l.(91) comsidered that sulphanil=—
amide did not neutralise toxins alteady present, but
probably inhibited the formation of toxins by organisms.
Nitti and Bovet (87) noted, however, in treatihg experimental
streptococcal infections in rabbits with sulphanilamide
that during a period of 3 o 6 days following treatment
blood cultures frequently gave negative results, but the
organisms then reappeared, Retreatment with sulphanilamide
at this stage might cause sterilisation of the blood, but
death occurred within 1 to 3 days, there'being no apparent
lesions and no reinfection of the blood. They suggested
that death was due to the liberatiomn of toxins owing to
the action bf the drug om the Brganisms. On the whole,
the evidence for am anti-tomic actiom of the sulphonamide:;

drugs seems exceédingly inconclusive.
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THIOHY OF INCHREASED PHAGCYTOSIS.

It has been suggested that the action of the sulphonamidde

drugs consists in stimulating phagocytic response, as has
been observed with serum-therapy. ILong and Bliss (66),
Gay and Clark (33), Reid (96), Levaditi et al.(59) and
dthers have all studied this problem both by inm vivo and
in vitro methods. The general conmclusiom is not thet
phagocytosis is stimulated, but rather that the organisms
are in some way affected by the drug so &8s to render them

more susceptible to phagocytosis.

-

IHEORY OF CHANGE IN INVASIVE PROPERTIES.
It is possible that interference with the metabolic
processes of the organisms modifies their invasive
character (Whitby, 115; licIntosh et &l.,82); but this
behavioﬁr is not confined to the sulphonémide drugs.
Browning and Gulbransen as early as 1919 (9) published

results of treatment of experimental pmeumococcal

infections in mice by various antiseptics. Aa
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intraperitoneal inoculum was followed within a few miamutes
by an injection of the antiseptic solution given by the
same route, and cures resulted with proflavine, phenol,
and corrosive sublimate. It was apparent that the
antiseptic cooperated in some way with the defensive
mechanisus of the tissues to produce cure, and it was also
shown that addition of proflavine to the organisms
immediately before inoculation prevented the death of the
animal, but did not mecessarily sterilise the,infgction,
as & swmear from the surfape of the liver one month later
oont;ined abuandant pneumococci. This suggested a
modification of the virulence of the organisms by the
antiseptic to such a degree &s to produce a mild ehronmic,
rather than an acute, infection., Hilles et g;.(45)

have reported also the isolation of non?virulent
pneumococci from the blood of mice treated with
suiphapyridine. In 1931 Browning and Gulbransen (8)

studied the therapy of experimental streptococcal
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infections in mice by means of compounds of the anil~

quinoline type and of acriflavine, Injection of solutionms

of these drugs intraperitoneally one to two hours after

inoculation by the same route again led to a large number

of cures; the results were as follows:-

Drug. Cures/Number
treated.
2(p~dimethylamino anil)é n-caproylamino
quinoline methochloride.

2 to 4 of tolerated dose used — — — — — — 53/82
2(p~dimethylamino anil)é methylallyl-—

acetylamino quimoline methochloride.,
% to 1/6 of tolerated dose used — — — - - - 34/47
Acriflavine.
% to 1/5 of tolerated dose used — = = = - 13/21

All uwantreated controls were dead im 24 to 48 hours, A

protracted course of infection'was observed im some

impufficiently treated mice, which appeared well for some

N

weeks after imoculation and then died of streptococcal

septicaemia.
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The experimental findings described in Section III may
be similarly‘analysed as regards the behaviour of drug and
organisms within the living host. It has been seen that
following treatment of an infected animai streptococci can
continue to multiply within the tissues without any appareat
harmful results, In fact, the organisms have temporarily
lost their virulent properties towards the imdividual host,.
although trsnsfer of such érganisms to a fresh host may
result in the usual fatal septieaemia.' A similar
transition Q;om a chronic non-virulent phase to ar acute
and virulent form may also occur within the original host,
especially when treatment has been with a slowly absorbed
compound., In this case the drug has been substantially
eradicated from the tissues with consequent diminished
influence over the organisus, which‘are now free to grow
under normal body conditioné with return of their .
pathogenic characteristics. This explamation, however,
does not cover the fact that late deaths have been reported

following treatment with sulphanilamide; and these cannot
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be attributed in any way to the continued effect of the
drug within the tissues, as sulphanilamide is rapidly
excreted. It has been suggested by liellon et g;.(??) that
the invading organisms, being reduced in virulence by the
action of the drug, are ingested by the phagocytes and
there lie dormant; then on liberation by lysis of the
phagocytes they renew their pathogenic action in absence

of the drug and cause the death of the host.

THEQRY OF PRODUCTION OF IMMUNITY RESPONSE.

There is also the possibility that the initial effect
of the drug in killing some of the organimms results in a
stimulation of antibody production by the host similar to
that induced by ingculation of dead or attenﬁated cultures,
and that such enhancement of the defensive mechanism is
then sufficient to dispose of the remaining organisms.
Thig irmunity respoanse, of course, would vary with the

particular organism concerned.

In the case of the pneumococcus, immunity to
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reinfection is readily establisbed in mice as a result of
successful treatment of a primary infection; Whitby (114),
McIntosh et al.(82), and Schmidt et g,;;(lOB) found that mice
cured with sulphapyridine were nearly all immune to
reinfection with the homologous straim of pneumococci,
although according to the last authors the immunity gradueally
disappeared; thus 86 per cent. of the mice were immune
to reinfection 7 to 14 days after the origimal iroculum
and therapy, but only 6 per e&nt. were still irmune 28 days
after, FeinstoneAgi al.(26) reinoculated cured mice
30 days after the original igoculum‘of preumococci and
treatment with 4:4'-diamino-diphenyl-sulphone and reported
no immunity. The fact that immunity to pneumococcal
infections caﬁ be readily established by vaccination with
attenuated cultures also strgngthens the theory that the
therepeutic effect is dug aX least in part to én immunity
regponse,

With experimental streptococcal infections on the

other hand, it is frequently comsidered that little or mo
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imunity to reinfection results im mice which have been
‘cured with sulphonamide drugs — Nitti et al(89), Levaditi
et al.(53). Loewenthal (63) and Colebrook et al.(22)

have both attempted to combime drug-therapy and treatment
with the corresponding antiserum. Loewenthal concluded
that the majority of failures in sulphanilamide therapy
were due to a failure of immunity response. With a
preparatory dose of aptiserum 16 to 18 hours before
iroculation of streptococci and therapy with sulphanilamide,
75 per cent, of mice were cured as compared with mone out
of 60 receiving antiserum alone and 8 out of 60 receiving
drug alone; Colebrook obtained less striking results by

& similar method and did not counsider that any advantage
was gained ir treatment of experimental streptococcal
infections by combining serum and drug administration.
Immunisation of mice by meanrns of streptococcal vaccines

has also been rather uncertain. ILong and Bliss (65)

have repdfted repeated failures, but in the present author's

experience injection of fluid cultures which had died
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spontaneously through keeping in the frozen state for

9% months was found to protemt half the mice so treated
againgt an.iﬂoculum of the homologpus’capsulated strain
which killed all uantreated controls (see p.38). Jui-Ping-Wu
(49) found that a fairly bheavy dosage of killed vaccine,
1.75 to 8.25cc,, over 2 to 4 weeks, generally produced
immunity in mice to highly virulent strains of streptococci.
It must be borme in mind that a very minute dose of living
virulent pneumococci er streptococci comnstitutes thé
inoculum and Fhat administration of the drug, begun at

the time of imoculation, prevents any considerable
multiplication of the organisms in a large proportion

of the mice which ultimately survive. Ther#fore in these
cases the very small amount of antigenic maferial available
in the body may be insufficient to effect immunisation.

But whén control of the infection is mot immediate and
therefore multiplication of the invading organisms is not
rapidly checked, it is quite possible that the immunity

response plays a more important part in comducimng to cure.
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The occurrence of late deaths, especially those following
sulphanilamide therapy; is readily explained by this theory;
Thus recovery does not demand a continued action on the
part of the drug, e.g. by absorption from a depot at the-
site of injection, while relapse results from failure to
maimtain a balance between the organisms and the host's

immunity responses.
CONCLUSIONS.

Various theories have beem advanced to accouant for the
anti-infective*action of the sulphonamides, Certain of
these, namely the view that capsule formation is imterfered '
with, thatvths drug neutralises exotoxins and endotoxins,
or that it stimulates phégpeytesis, obtain little support
vfrom experimental findings - the first probably substitutes
an effect for a cause, while the second and third are
fairly definitely disproved.

lfuch. stress has been laid on the antiseptic or

bacteriostatic properties of the drﬁgs, but observations
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‘in vitro show that they possess such action oanly to a
relatively slight exient, whereas compounds which are
extremely powerful in this respect in vitro, e.g. acriflavine,
fail to act in vivo when the attempt is made to influence

a general bacterial infection. Since a general
trypanosome infection is influenced by acriflavine, it

can scarcely be argued that the drug is not availablé.
Therefore in the case of bacteria the results obtained

in vitro do not appear to be applicable to occurrences

in vivo. The present bbservations on the behaviour

lof streptococci in the circulation of infected and treated
animals has afforded definite new information. It has
been found that while in the majority of those which becqme
cured the organisms rapidly disappear, nevertheless in a
considerable proportion the infection persists for a
period extending sometimes to many days. Durimng their
persisteance in the blood the streptococci may be highly
virulent for other animals, at least for a time, On the

other hand, no prolonged prophylactic effeat follows
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the administration of a rapidly excreted drug such as
sulphanilamide, so that the defence mechanisms of the
body show no evidence of stimulation. Therefore it
would seem that the metabolic processes of the organisms
must be cohtrolled under the influence of the drug so as to
enable the natural defensive mechanisms of the host to
come into play effectively. It is emphasized that while
these observations were made with a drug which is slowly
absorbed and excreted, the occurrence of late relapses
in mice treateq‘with the rapidly excreted sulphanilamide
point comnclusively in the saﬁe direction,

Observatious in vitro show that the sulphonamides
affect the metabolism of the organisms, although in an
erratic manner, which is difficult to reproduce constantly.
This, coupled with the interfering effect of p-aminobenzoic
acid on the action of sulphonamides both in vivo and in vitro,
strongly supports the view that the results of sulphonamide
therapy are initially dug to some direct effedt on the
orgenisms, and subsequently to the action exerted on the

latter by the host's tissues.
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Toxicity of Sulphanilamide for liice.,

Summary of Published Results,

Dosage per os.

Dose per
20g. mouse

i,

Nature of
preparation

Resgult.

AuthOrQ

18mg,
50ung,

n

"

70=80ung.
76mg,
100mg.
120nmg.
l25mg,

200mg,
>200mg,

in acaegia.,

n "

aqueous.
.

in acaegia,.

i "

4] L

aqueous.
in acacia.

” "

n n

well tolerated.
innocuous,
tolerated.
toxic.

acutely toxic.
50/ survivors.
toxic.

50% survivors.

minimum lethal
dose.,

lethal,
100% lethal.

Marshall (73)
Buttle (16)
Fourneau (30)
Whitby (113)
Feinstone (26)
Marshall (73)
Buttle (16)
Halpern (40)
Barlow (1)

Buttle (16)
Marshall (73)

Dosage subcutaneous.

Dose per | Nature of | Result. Author,
20g. mouse.preparation§ _
10mg. agueous. |distinctly toxic.| Ruegsegger (103)
18mg. " toxic, not lethall.Long (65)
D20mg. " lethal., Ruegsegger (103)
30mg. saliune. toxic, not lethall.Hoare (46)
40mg, agueous. |tolerated, Raiziss (93)
 50mg. " lethal. ’ (93)
55mg., n" minimum lethal Barlow (1)
doge.
60mg., " 56% survivors., Donovick (25)
\ (Na salg) Long (69)
75mg, in acacia.|{minimum lethsl Barlow (1)
dose.
120mg., in olive |lethal, Rosenthal (98)
oil, '
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Dt st

Summary of Author's Results.

Dosage subcutaneous.

Dose per | Nature of |[No. of Effect.
20g. mouse{preparation}| mice,
50ng. in acacia, 2 tolerated, practically no loss
of weight.
67mg. oo 2 |tolerated, no loss of weight.
100mg. " " 2 " , practically no loss
of weight.
133mg. n " 2 |letnal, (both mice died within
A 24 hours.)
167mg. " " 1 |tolerated without loss of
weight.
200mg, rwoo" 1 |tolerated without loss of

weight,




TABLE III

Toxicity of Diamino-diphenyl=-sulphone for uice,

Summary of Author's Results,

Dosage subgutaneous.

Dosage in mg. Nature of | No, of Effect,
. per 20g. mouse. preparation} mice,
Total
%13,2.5,2.5 | 8 aqueous. 2 |Readily tolerated,
(0,5,24 hours) practically no loss
g
of weight.
X ?,3. ) 8 " 4 |2 dead within 24 hours,
0,5 hours _
15 ,g 11 " 2 |Tolerated with
'(0, » 24 hours|) temporary loss of
' . weight. '
10 10 " 6 |4 died in 1-3 days,
others recovered,
all showed toxic
symptoms,
12.5 12,5 " 6 |1 died in 24 hours,
5 others recovered
completely.
14 14 n 53 |All recovered
completely.
17 17 " 3 |All dead in 24 hours.
20 20 n 3 |All dead in 24 hours.

o&Bssults marked are from earlier laboratory records~see p.8.



L4BLE IV

Toxicity of Diacetylamino-diphenyl-sulphone for lice.

Summary of Author's Bésults,

.Dosage subcutaneous.

Dose per | Nature of [No. of Effect.
20g. mousepreparation| mice.
Smg. ayueous. 1 tolerated without loss of
weight,
10mg. n 4 |tolerated without loss of
weight,
20mg, " 3 |tolerated without loss of
weight.
0Omg. " 1 |very well tolerated.
100mg. n 4 Jtolerated without loss of
weight.
200mg, " 1 |very well tolerated.
330mg. " 1 |very well tolerated.




T4LBLE V

Standard Dosage of Sulphone Lrugs for iice.

Aqueous dispersion injected subcutaneously.

Drug. Dosage in mg, Duration of
at 0,5,and 24 hours. depot.
Tetal .

Diamino-diphenyl+4 3.3,2.5,2.5 8.3 4 days.

sulphone,
Mbnoaéetyl

derivative, 647,4.0,4.0 14,7 8-11 weeks.
Diacetyl ‘ \ .

derivative. 10,6.7,6.7 23.4 - x

% Single dose of 50mg,’ - deposit still present 33 months
- later, ' '
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Virulence of Streptococcus Kruger

!

as Ass essed by Two Methods of Dilutiom.

Initial dilution: 0.02ec. of pure culture in 1Occ. of broth (=1:500),
Ten-fold diltitions made in broth thereafter. -

Results from 4 experiments.

‘No. of Dilution, ; liethod 1. | Method 2.
experiment, ___ (single pipette throughoug,) (Separate pipette f h dilution. )
Totel.| Leaths up | Deaths at |Deathé after| Total. | Deaths up | Deaths at |Deaths aften
to 24 hours;24-48 hours{ 48 hours. to 24 hours}24-48 hours} 48 hours. |

1. |1:500,000 - ~ - - 3 3 - -
1:5,000,000 3 3 - - 3 3 - -
1:50,000,000 3 2 1 _ 5 5 - -
1:500, OOO 000 3 2 1 - 3 0 2 1
2, 1:500,000 2 2 - : - 2 1 1 -
1:5,000,000 2 0 2 | _ 5 1 1 Z
1:50,000,000 2 1 1 Z 5 5 5 -
1:500,000, 000 5 0 2 _ < - < -

3. |1:500,000 2 1 1 - 5 |
1:5,000,000 2 5 - - < ! ° L
1.: 50,000,000 2 1 1 - - - _ _
1:500,000,000 2 0 1 1 - - - -
4. |1:500,000 2 2 - _ 5 o - -
-11:5,000,000 2 1 1 - - - - -
1:50,000,000 2 0 2 - - - _ -
| 1:500,000,000 2 0 2 - - - - -

Total., |1:500,000 6 5 1 f’ _

| 1:5,000,000 9 6 3 - g ! 1 :
1: 50,000,000 9 4 5 - 7 3 5 _
1:500,000 000 9 2 6 1 3 0 2 1
33 17 15 ! 1 22 14 6 2

PRSI




TABLE VII

Alteration in Character of Btreptococcus Kruger.

Period. Duration of period. source, Capsulation. Virulencé.
I Jan,1931 - Jan.1939 Spleen. Non=~capsulated. 1:100,000
(Lancefield Group B) (From Dr. Feldt.) 112/154 (7}%) dead in 24 hours.
II Jan,1939 - Sept.l939. | Heart-blood of mouse. Capsulated, 1:10,000,000
34/6% (54%) dead in 24 hours.
III 0ct.1939 ~ Feb.1942 Heart-blood of mousc. Capsulated. 1:10,000,000
. 65/110 (59ﬁ/ dead in 24 hours.
IV Feb.1942 -~ July 1943. Spleen. , Capsulated, 1:1,000,000
(Lancefield Group B (Stored since Sept.1939) 26 /44 (59ﬂ) dead in 24 hours.
s July 1943 - = - - Boiled-blood-broth Non-—capsulated. 1,000

culture frozen gince
Feb,1938.

24/36 (37%) dead im 24 hours.




TABLE VIII

Treatment with Sulphanilamide - Varying Imocula.

TStreptoeoccus Fruger Period I.

Inoculum intraperitoneal: untreated controls with the smme
inoculum all died in 24 hours.

Treatment subcutaneous: 10,6.7, and 6.7mg.(23.4mg. in all)
at 0,5, and 24 hours respectively.

Inoculum,| Total | Cures, |(Survival time of mice
No, of . dying from infection.
mice, ‘
NO ¢ 1%
1:10 5 31 - 3 days.
1:100 24 16| 67 35 "
1:1,000 38 18| 47 3-5 "
1:5,000 3 1| - 4 v
1:10,000 25 23] 92 6 "
1:25,000 2 o} - 2-6 "
1:50,000 2 1| - 8 "
1:100,000 13 8l 62 36 "
112 70| 63

1211 results are from earlier laboratory records — see D«8.



TABLE I

Treatment with Sulpbanilamide -~ Varyimng Dosage.

TStreptococcus Eruger Period I.

Inoculum intraperitoneal:

untreated cdntrols with the saume

inoculum (1:10 to 1:100,000) all died im 24 hours.

Treatment subcutanesous.

Dosage in mge. Timing ofl Total] Cures, | Survival time
dosage [No. of of mice dying
in hours.| mice. from infectioni
Total o, | %

1,0.67,0.67 2.3410,5,24 2 T - 2 days.

1.67,1.1,1.1, | 3.87/0,5,24 10 0] A - 2 "

1.67,1.25,1.2% 4.17]0,5,24 0 - 3 n

3.5,2,2,2.2 7.7 0,5’24 2 O - 2“4 "

0 10 |0 13 | 5\ | 38 om3 M

205:205,2-5: 0;5)24: 5 5 10 -

2e5 10 23 14589 (61

10:607 9-617 0,5 9 4 4 9 "

5,5,5,5, 20 0,2§24 6 51 | 83 4 v

10,647,647 23.4 [0,5,24 |[112) |70} | 63 34 ¥

Results grouped independently of the size of the imoculum,

1'A11 resulte are from earlier laboratory records -~ see p.8.




TABLE X

(A) Delayed Treatment with Sulphanilamide.

T 8treptococcus Fruger Period I.

Inoculum intraperitoneal:(1:10 to 1:100,000): untreated
controls with thé same inoculum all died im 24 hours.

Treatment subcutaneous in 3 doses of 10,6.7,6.7mg.(23.4mg. in
all).

Timing of |Total [Curesd Survival time of mice
dosage in|No. of] dying from infection.
hours. mice.

6,11, 24 7 4 4-5 days.
2,7,24 7 7 -
0,5,24 112 | 70 34 "

(B) Prophylactic Treatment with Sulphanilamigde,

1 Streptococcus Kruger Period I.

Inoculum intraperitoneal (1:100 to 1:10,000): untreated
controls with the same inoculum died in 24 hours.,

Treatment subcutaneous.

. Dosage in mg. Timing of | Totalfures. |Survival time
dosage in }o, of of mice dyimg
hours before| mice. from infection
. Total {iroculum, _
10,6.7,6.7 23.4124,5,0 6 1 =4 "
10,10.10. 30 50&26,2 3 0 2 "
10,10,10 30 |53%,29%,5% 3 0 2 "
10,10,10 30 |72,48,24 3 0 2 "
10,10,10,10,10| 50 72,48,24, 3,0 4 3 2 "

j’All results are from egrlier laboratory records - sge Pa8e



TABLE XI

Vaeriation in Curability of Streptococcus Kruger at Different
Periods - Ireatment by Sulphanilamide.

Inovulum intraperitoneal (1:10 to 1:100,000): untreatéd
controls with the same inoculum all died in 24 hours.

Treatment subcutaneous: 10,6.7,6.7mg.(23.4mg. in all) at
0, 5,and 24 hours respectively.

PeriodJ Condition of Total Cures.| Survival time
strain, No. of of mice dying
mice,| No.| % | from infection,

I |Non~capsulated| 112 70| 63 3-4 days.

II [Capsulated. 12 . 2=3 1
III [Capsulated. 12y32 Op2é6Y . 2-4 ¢
IV |Capsulated. g Y L] o=z v

,
®
%

V |Nonwcapsulated] 47 31| 66 2-7 "

%2 mice glso died at 44 and 62 days respectively.

Results gfouped independently of the imoculum.



TABLE XII

Treatment with Diamino—diphenyl-sulphone,

(4) Y Streptococcus Kruger Period I.

Inoculum intreperitoneal (1:10 to 1:100,000): untreated
controls with the same inoculum all died in 24 hours.

Treatment subcutaneous.

Inoculum. | Dosage in mg. Timing of| Total |[Cures{Time of
dosage info, of survival
hours. | mice. of mice
dying from
Total infection,
1:10 Je352.5,2.5 B.3 |0,5,24 2 0 5 days.
1:100 1.67,1.25,1,2%4.17(0,5,24 2 1 5 "
1:100 3.3,2.5,2.5 8.3 |6,5,24 2 0 3 "
1:1,000 |(1.67,1.25,1.25%4.17]|0,5,24 2 1 5
1:1,000 3.5,245,2,5 B.3 |0,5,24 4 4 -
1:10,000 |2.5 2.5 |0 1 12 1 11 -
1:100,000/1.0,0.5,0.5 [2.0 {0,5,24 2( 2 -
1:100,000}2,0,1.0,1.0 4.0 10,5,24 2 2 -
1:100,000!(2,5,2.0,2.0 6.5 |0,5,24 1) 1 -

'fThese'results are from earlier laboratory records - see p.8.

(B) Streptoceccus Kruger Period III.

Inoculum intraperitoneal (1:100,000): untreated controls
with the same inoculum all died in 24 hours.

Treatment subcutaneous.

Dosage in mg. Timing of| Total|Curesy Survival time
Gosage inflo, of of wmice dying
Total{ hours. [mice. from infection.
0:5,0.41,0,41 1.3210,5,24 3 0 2=3% days.
1,0,0.5,0.5 2.0 10,5,24 3 0 3 "
2.08 2.0810 4 0 3~5
0.83,0.625,0.625]| 2.08{0,5,24 4 0 1-3 o
4,16 4,160 4 0 >4 "
1.67,1.25,1.25 4,1710,5,24 4 0 34 "
843 8.3 |0 4 | 1 -6 v
343,245,245 8.3 |0,5,24 3 0 4~5 M




IABLE XIII

Delayed and Prophylactic Ireatment with Diamino-diphenyl-
sulphbone.,

(A) Delayed treatment.

| Streptococcus Kruger Period I.

Inoculum intraperitomeal (1:1,000 to 1:10,000): untreated
cortrols with the same inoculum all died in 24 hours.

Treatment subcutaneous.

Dosage in wmg. Timing of] Total| Cures} Survival time
. dosage inNo, of of mice dying
Total} hours. | mice, from infection.
2.5 2.5 12 1 0 6 days.
1025,008‘},0085 2.91 6’11’24 4' 4' -
2.5,1.,67,1.67 |5.84{6,11,24 4 3 6 days.
2.5,2.0,2.0 6.5 ]2,5,24 2 1 28 "
205’200’210 6.5 6,11’24 3 l 2_26 "

(B) Prophylactic treatment.

tStreptococcus Kruger Period I.

Inoculum intraperitoneal (1:2,000 to 1:10,000): untreated
controls with the same 1noculum all dled in 24 hours.

Treatment subcutaneous.

Dosage in mg. Timing of| Total|Cures} Survival time
dosage in|No, of of mice dying
Total| hours. mice. from infection,
245,245,2.5,2.9, 72,48,24, 4 3 10 days.
2.5 12,5 3,0

{411 results are fram earlier laboratory,recdrds - see D.8.



TABLE XIV

Treatment with Diacetylawmino-diphenyl-sulphone.,

(A)TStreptococcus Kruger Period I.

Inoculum intraperitoneal (1:1,000 to 1:300,000): untreated
controls with the same inoculur all died in 24 hours.

Treatwent subcutaneous at 0,5,and 24 hours.

Dosage in mg. Total Cures.| Survival tinme

No, of of mice dying

Total. mice, from infection.

0.5,0.33,0,33 1.16 3 0 2~4 days.

0.67,0.4,0.4 1.47] 3 0 3-4 "
1,0,0.67,0.67 2034 ll 1 1—8 "
1,25,0.83,0.8351 2,91 6 3 >7 "
1.67,1.1,1.1 35.87 8 X 1-13 ™"
2.5,1:67,1-67 5084’ 15 6 2"'8 "
§.8,2.2,2.2 7+7 11 4 2-9
[ ] ’30 3, 5.3 11.6 6 } 3""8 "
10,607’607 23‘4 46 3} 2"'16 "

fThese results are from eurlier laboratory records — see DP.S.

(R) Streptococcus Kruger Period II,

Inoculum intraperitoneal (L:1,000 to 1:300,000): untreated
controlsg with the same inoculum all died in 24 bours.

Treatment subcutaneous at 0,5,and 24 hours.

Dosage in mg. Total Cures.| Survival time
No, of of mice dying
Total. mice, from infection.
0;41,0.5},0‘35 1007 4‘ O 2—3 d.ays.
0.625,0.5,0.5 | 1.625 4 0 2=3 n
-1,25,0.83,0.83] 2.91 1 0 2=4 "
1,67,1,1,1,1 3.87 3 1 2=3 "
2,5,1.67,1.67 5.84 1 1 -
303,242,242 77 3 1 =4 "
5'.0, .3, 3.3 1136 l l L
10,677,677 23.4 9 4 9-19 "




TABLE XV

Prophylactic Treatment with Diacetylemino-diphenyl-
sulphone.

'TStreptococcus Kruger Period I.

Inoculum intraperitoneal (1:2,000 to 1: lOQ,OOO) untreated
controls with the same 1noculum all died in 24 hours.

Treatment subcutaneous: a single dcse of 14.3%mg. per 20g.mouse.

Period elapsing between| Yotal| Cures., gurvival time
treateent and inoculation{lNo., of of mice dying
wice, from infection.
5% hours. 3 2 5 days.
4% n a 1 3-5 "
3% " 3] 0 5 "
2 1 3 0 2_5 "
li n 4 4 -
1 howur. 3 2 4 "
0 hours. 6 4 45 M

.1‘All results are from earlier laboratory records - see p.8.



TABLL XVI

Treatuent with Monpacetyl—diamino~diphenyl—sulphone.

t Streptoeoccus Xruger Period I.

Inoculum intrsperitoneal (1:10,000 to 1:300,000): untreated
controls with the same inoculwn all died in 24 hours.

Treatment subcutancous at 0,5and 24 hours,

Dosage in mg, Total | Cures. ourvival time
llos of of mice dying
Total. wice., from infection.
0+5,0,33,0433 | L.16 3 c 3~4 days.
0.67,0,4,0.4 1.47 5 2 3=5 "
1.0,0.67,0.67 | 2,34 3 0 456 M
101,6367,6,67 2@44 2 2 et
1.25,0.83,0.83] 2.91 6 4 5 "
1,67,1.0,1, 3.67 3 0 4
2.2,1.3,1.5 4.8 2 2 d
2+¢5,1.67,1,67 | 5.84 3 1 5-6 "
5:0, 363,33 11,6 6 5 8 "
6.7,400,410 l4n7 9 9 -

'rThese results are from earlier,laboratory records — see D.8.



TABLE XVII

Treatment with Liopoacetyl-diemino-ciphenyl—sulphone.

Streptococcus Kruger Period II.

Inoculum intraperitoneal (1:100,000): untreated controls
with the same inoculum all died in 24 hours,

Treatment subcutaneous at 0,5,and 24 hours.

Dosage in uge Total Cures. survival time

llos Of | of mice dying

Total, mice, from infection.

0;42,0,3‘,0033 1908 4 2 2"‘5 daYSu

0,67,044,0.4 | 1.47 3 0 3 "
0.,625,0.5,0,5 | 1L.62 4 2 3=4 M
1.1,0,67,0.67 | 2.44 ] 9 3 4-10 "
1,25,1,0,1.0 3425 4 3 5
1.67,1.0,1.0 3,67 4 3 3 "
2.2,1.3,1,3 4.8 9 5 -7 "
6‘7’4v0,4‘t0 l4‘;7 29 ’ 26 }_11 "




Treatment with ionoacetyl—diamino-diphenyl-—gulphone.

TABLE XVIIZ

Streptococcus Iruger Period III.
Inoculum intraperitoneal (1:100,000 to 1:3,000,000):

s

Treatment subcutaneocus at 6,5,and 24 hours.,

Dosage in mg. Total Curese Survival time
No, of of mice dying
Total. mice. from infection.
0.83%,0.5,0.5 1.83 5 0 2=4 dayse.
0.83,0,63,0.,04 2.09 4 0 4~5 M
1.0,1.0,1,0 340 5 0 4
1.67,1,25,1.25 4.17 4 0 5-8 "
2.0,1.4,1.4 4.8 6 1 312 "®@
2.2,1.33,1.33 | 4.86] 12 0 4~9 "
1.67,1.67,1.67 5.01| 10 0 >0 "
2.0,2.0,2.0 6.0 12 6 5-6 "
2.2,2.2,2.2 6.6 29 9 4-10 "
3.3,2,0,2.0 743 26 2 5=22 "
265,245,2.5 7.5 8 1 315 "
343,2.2,2.2 7.7 15 1 2-11 "
5435245,2.5 8.3 4 1 5-10 "
2.9,2.9,2.9 8.7 8 3 6-13 "
30353035365 9.9 10 4 5«14 "
5.0,2.9,2.9 10.8 13 2 5-15 "
4,7,3.2,3.2 11.1 9 2 5-10 "
540,343,3.3 11.6 18 S 5-16 "
7.1,2,5,2.5 12.1 10 2 5-19 "
5¢7,3.3,3.3 12.3 6 , 0 10-18 " ..
6.7,4.0,2.0 |14.7 | 121 41 4-18 "R

®41so one late death at 48 days.
X'Also late deaths at 21, 23, 26, 26, 35, 89 days.

untreated
controls with the same inoculum all died in 24 hours.




TABLE XIX

Treatument with Monoacetyl-diamino-diphenyl-sulphone,

Streptoeocaus Kruger Period IV,

Inoculum intraperitoneal (1:100,000):

untreated contrecls

with the same inoculum all died in 24 hours.
Treatment subcutaneous at 0,5,and 24 hours.

Dosage in mg. Total | Cures. Survival time

: Noe oF of mice dying

Total. mice, from infection,
1,67,1.67,1.67] 5.01 3 1 . 5=6 days.

2.2,2.2,2.2 6.6 1 9 4 16 0

2.5,2:5,2.5 7.5 5 l 5""14 " .
6.7,4.0,4.0 14.7 37 18 1-16 "X
5;0,500,5-0 1500 20 9 1-12 "®

é?Also:one late death at 29 deys.
®Also one late death at 21 days.




TABLE XX

Ireatment with a Single Dose of Momoacetyl-diamino-diphenyl—

Sulphone,

(4) Streptococcus Kruger Period II.

Inoculum intraperitoneal (1:50,000 to 1:3,000,000):
untreated controls with the same inoculum all died
in 24 bhours.

Treatment subcutaneous at time of inoculation,

Dose in mg,| Total| Cures. Survival time of mice
No, of dying from infection.
mice,
2.5 4 1 5~4 days.
2.0 4 2 7-17 "
o7 19 16 8-13 "
10.0 4 2 5=11 "
14.3 6 6 -

(B) Streptococcus Kruger Period III.

Inoculum intraperitoneal (1:50,000 to 1:3,000,000):
untreated controls with the same inoculum all died
in 24 bhours.

Treatuent subcutaneous at time of inoculationa

Dose in mg.| Total | Cures. Survival time of mice
No, of dying from infection.
mice,
1.8 5 0 2-3 "
2,0 4 0 >4 "
2.2 4 0 3=5 "
3.3 4 0 47 "
3.6 5 0 34 "
4.15 4 0 =7 "
6.7 4 0 310 "
7.1 5 ¢ >5 "
83 4 0 2-12 "
ll.O 6 l 5"8 "
12.5 21 11 8=-15 :
14,3 35 7 =15




TABLE XXI

Delayed and Prophylactic Treatment with a Single Doge of
uonoacetyl—diamino—diphenyl-sulphone,

Streptococcus Kruger Period II.

Inoculum intraperitoneal (1:50,000 to 1:1,000,000): untreated
controls with the same inoculum all died in 24 hours.

Treatment subcutaneous.

(A) Delayed treatment with a single dose of 6.7mg.

No. of Timing of| Total|Cures. | Survival time
experiment| treatuwent.|No, of of mice dying
mice, from infection.
1 O hours 16 14 8-13 days.
Iz " 16 12 9-12 "
6 " 16 2 5-20 "
2 ; 12 11 12 ®
g " 10 4 8-17 "
3 3 15 2 331 "
4 2 12 11 g "
6 i 12 6 7-14 "
Totals. O hours. 16 14 8-13 "
1z " 16 12 9=12 "
2 " 24 22 8-12 "
3 " 15 2 5,_11 1
6 38 12 5-20 "
(B) Prophylactic treatment with a single dose.
No, of Timing of Ito tal [Cures. | Survival time
experiment treatment No., of of mice dying
before inoculation] mice, from infection,
1 14, 3mg. at 5% hrs. 3 2 1 day.
fn 3§ 1 } 3 -
on 9 1 3 3 -
w1 " 3 2 1 day.
1" 0 " 5 3 -
2 14.%mg. at 4% hrs. 4 4 -
1 l;. n 4 4 -
"0 " 3 3 -
) a SNPU - t l d-“ SQ 4 O 2- déa Ss
3 6.7mz. & C; ay a o 3-? ’y
" 2 ] 4 1 5,_,6 n
" Obre.| 4| 3 7"




TABLE XXII

Treatment with Lionoacetyl-diamino-diphenyl-sulphone.

Prophylaxis of relapses - the effect of an additional dose
after 3, 4 or 5 days.

Streptococcus Kruger Period III.

Imoculum intraperitoneal (1:100,000):
with the same inoculum all died in 24 hours.

untreated cohtrols

Treatment subcutaneous at 0, 5,and 24 hours, and then at
5, 4, or 5 days.

Primary dosage | Additional dose.| Total |Cures.|Time of
in mg, Ho. of survival
mice, of mice
dying from
To tal infection,
2,2,2.2,2.2| 6.6| 0 33 13 4-10 days.
2.,2mg. at 3 daysl 6 | 1 2-8 "y
2.5mg. " 3 " 12 7 6=-11 "
2.5mg. " 4 " 12 5 11-20
2,5mg, " 5 " | 12 5 |6-14 &
5 Omg, " 5 " 6 5 11 L
-71115. " 5 " 6 6 —
2¢9,2.9,2.9 8.7] O 6 2 6-13 "
"7 ’ 5.0mg, at 5 daysl. 6 5 T "
3,343,3:3] 9.9( 0 | 6 4 |5-14 "
S+ 2 ,/, O.7mg. at 5 daysl. 4 3 5 "
5¢0,3.3,3.3 11.6| O 6 5 10 n
’ ? 5.0mg. at 3 dayd. 9 9 - .,
5.0mg. " 5 " 6 1 6~18 "X
6,7,4.0,4.0| 14.7| O 6 4 11-12 "
e 6.7mg. at 5 dayqd. 3 3 -

1 Imoculum - Streptococcus Kruger Period IV.

X Also one late death at 38 days.
«X-Also one late death at 40 days.




TABLE XXIII

Treatment with lionoacetyl-diamino-diphenyl-sulphone.

(A) T Streptococcus Aronson.

Inoculum intraperitoneal (1:100,000 to 1:1,000,000):
untreated controls with the same 1noculum all died
in 24 bhours.

Treatment subcutaneous.

Dosage in mg. Timing of| Total|Cures{ Survival time
dogage in|No, of of mice dying
Total. hours. mice, from infection.
1.,17,1.0,1.0] 3.17] 0,5,24 6 0 4-6 days,
7 15 7.151 0O 3 0 5-8 "
3 2.0,2,0 7.3 | 0,5,24 5 0 6-15
475" 14.3 | 0 2 0 10-13
7,4 0,40 | 14,7 | 0,5,24 8 3 6-18 "

'rThese results are from earlier laboratory records — see p.S8.
‘rThese
(B) sStreptococcus Thomson.

Inoculum intraperitoneal (1:100, to 1:1,000): untreated
controls with the same inocwlum all died in 24 hours.

Treatment subcutanecus.

Dosage in mg. Timing of| Total|Cures{ Survival time
: . dosage in|No, of of mice dying
Total.| hours. | mice. from infection.|

6.7,4.0,4.0 | 14.7 | 0,5,24 a7 | 26 2-20 days.




TABLRE XXIV

Treatment with lionoacetyl-diamino=diphenyl-sulphone.

The effect of p-aminobenzoic acid.

Streptococcus Kruger Period III.

Inoculum intraperitoneal (1:100,000): untreated controls
with the same inoculum all died in 24 hours.

Treatment subcutaneous at 0, 5, and 24 hours,

p-Aminobenzoic acid:- 1:50 suspension, lcc. per 20g. body-
weight 2 or 3 times daily.

Combined results of 4 experimmnts.

‘Dosage in mg, Duration of Total |Cures.| Time of
feeding with No. of survival
relation to mice, of mice
inoculation. dying from

Total. infection,
- 6.7,4,0,4.0] 14.7|From 1 day before.| 10 0 1-4 days.

) " 2 days after. 1 2{ | 36 "
"oz 1 " 6 33 0 2-9 "

n 5 ] ] 5 0 5__7 on

| | Comtrols. 19 vi 5-16 "
5.0,3.3,3.3] 11,6|From 1 day before.| 11 0 1-3 "
Controls. ' : 18 9 5=l T

503,2.,0,2.0 7+ 3| From 1 day before. 4 0 1-2 "
Controls. 6 1 Z=5 M

2,2,2.2,2.2| 6.6/ From 4 days after.| 5 1 5
" n " 5 3 7 "

Controls. 6 4 4-10 "




TABLE XXV

Published Results for the Ireatment of Haemolytic

Streptococcal Infectiong with Sulphanilamide.

Mice treated per os.

Author, Total |[Duration of|Survivors.|Duration of
\ drug | treatment. % observation.
in mg, | (in days)
Tréfousl (112)] 3.75 2 50 10 days.
Buttle (16) 450 13 100 3 weeks.
Nitti (89) 5 2 0 -
Whitby (113) | 200 10 58 10 days.
Raiziss (93) 50 5 67 5 weeks.
Mellon (76) 250 10 50 25 days.,
8l.25 10~ 100 30 days.
Raiziss (95) 50 5 60 28 days.
" (94) 50 5 67 28 days.
Feinstone (26)(180 7 94 30 days.
Mice treated subcutaneously.
Author, Total Puration of|Survivors.|Durgtioa of
drug | treatment. 70 observations.
in mg,| (in days)
Colebrook (21)| 63 6 100 5 weeks.
Raiziss (93) 50 5 86 3=-10 weeks.
20 3 100 10 weeks.
Rosenthal (100) 10 4 80 -
(0il)
Raiziss (94) 50 5 64 28 days.
Feinstone (26)| 18 3 29 14 days.




TABLE ZXVI

Published iHesults for the Treatment of Haemolytic

Streptocoécal Infections with the Sulphones.

"4:4'-diamino-diphenyl-sulphone.

Treatment per os.

Author. Total |[Duration of|Survivors.| Duration of
drug |‘treatment To ObBservation,
in mg.| in days.

Raiziss (95) 2.5 5 662é 28 days.
5.0 5 6677 28 "
10.0 5 80 28 "

Feinstone (26] 3.75 3 94 14 , "
13.5 7 96 3 "

4:4¢~diacetylamino—diphenyl-sulphone.

Treatment per os.

Author, Total |Duration of|Survivors.| Duration of
drug |treatment % Observation,
in mg.| in days., .
Raiziss (95) 5.0 5 55 28 days.
’ 10.0 5 60 28 "
25.0 5 80 28 "
Feinstone (26] 15.0 3 57.3 14 "
7 72 x "

9000




TABLE XXVII

Comparison of the Results of Treatment of Streptococcus Kruger at Different Periods.

Inoculum intraperitoneal (1:10 to 1:1.00,000;:

Treatment subcutaneous at 0, 5, and 24 hours.

untreated controls with the same inoculum all died in 24 hours.

Drug and dosage. Period I Period II Period III Period IV. Period V
. (Derived from I) (Derived from II) (Derived from II) (Derived from I)
Non-capsulated. Capsulated. Cepsulated. Capsulated. Non-capsulated. |
cures/total cures/total cures/total cures/total cures/total
Sul hanilamide. 70/112  (63%) d/12 ~0/12 1/8 31/47  (66%)
15T | 2732 (67)
123.4mg.) (3~4 days) (2-3 days) (2=-4 days) (2=3 days) (2=7 days)T
Diamino-diphenyl- 4/8 (50%) - 0/3 - 29/35 (83%)
343,2.5,2,5mz, (3~5 days) (4-5 days) (1-7 days)
(8. jmgu)
Diacetylamino- 33/46 (72%) 4/9 - - 26/31  (84%)-
dlphenyl—sulohone. - '
6.7,6.7mg. (2~16 days) (9-19 days) (5-9 days)
25 )
Monoacetyl—diamino- | 9/9 (1005¢) 26729  (90%) 41 % 18 (49%) 37/41  (90%)
dlphenyl-sulphone. o . 59/158 (37% ,
7,4 0,4.0mg. - (3-11 days) (4-18 d.ays) (2-16 days) (2-13 days).

t Also late deaths at 44 and 62 days.
XAlso late deaths at 21, 23, 26, 26, 35, 89 days.
®Also one late death at 30 days.

The number of days given in brackets indicates the time of Syrvival of treated animals dying from the infectiom.



TABLE ZXVIII

Course of Infection following Ireatment with Sulphanilamide.

Inoculum intraperitoneal with dilutions of culture shown:
untreated controls with the same inoculum all died in
24 hours.

Treatment subcutaneous - 10,6,7,6,7mg. &t 0,5, and 24 hours.

Classification.| Streptococcus Streptococcus |Total.
Kruger. Thomson.

1:100,000 | 1:100 | 1:1,000

- 4 8 12

Failures
/ 2 - - 2
¥ . 15

A = Organisms never found in the blood,

D

1}

Blood never free from organisms.

E

!}

Organisms appeared and gradually increased im the blood
before death. ' '



TABLE XXIX

Course of Infection following Treatment with Momoacetyl

sulphone.

Inoculum intraperitoneal with dilutions of culture as ghown:
untreated controls with the same inoculum all died in

24 bhours,

| X Treatment subcutaneous at O, 5, and 24 hours.

Classification,

Streptococcus| Streptococcus Total.,
Kruger. Thomson.,
1:100,000 1:100 | 1:1,000
A 1 - 10 11
Cures. 4B 2 - g 11
c - - 7 7
3 4 10 17
Failures 15 - 20 35
\ 5 - 2 7
15 further animals died from causes other 88
than streptoceccal septicaemia,

1]

B U o w b
i

1

Organisms mever found
" Few organisms present
Abundant organisms at

Blood never free from

before death.

]

F

in the blood.
at some stage.
some stage.

organisms,

Blood negative up to day of death.

X In treatment of Streptococcus Kruger: 2.5,2.5,2.

or 1.67,1.67,

Organisms appeared and gradually iancreased in the blood

5m§-(7-5mg-0
1. 7mg0 (5.61mg)

In treatment of Streptococcus Thomson: 6.7,4.6,4.0mg.(14.7mg.)



IABLE XXX

Antibacterial Action of Sulphanilamide and Acriflavine.

Inoculum: Streptococcus Kruger Period IV, 24~hour culture
in broth, O.lcc. to 1l.0cc, of medium.
(1) In broth.
Dilytion of| Sulpbanilamide, Acriflavine. Controls.
culture for 5 4 3 6 6 -
inoculum, [1:102]1:10%[1:107 [1:5x10°[1:20°|1:5%107
1:1 + + + + + inh. +
=
‘l.lOO + + + + ig£.~ - +
+ +
1:10,000 or or _ -
: ’ + *  |inb, | inh. +

In sheep serum (previously hested at 56°C for 30

(2)
minutes and stored frozen.)
Dilution of| Sulphanilamide. Acriflavine, Controls.
culture for 5 4 3 6 6 5
inoculum, [1:107j1:107}1:10-{1:¢5x107}1:107|1:5x10
. +
1:1 + + or + + + +
inh,
1:100 +or irh,. +or
+ inh, + + inh, +
1:10,000f 4 inh. - + + _ +

Bactericidal effects were read at the end of 48 hours at 5700.
In broth absence of growth in subculture corresponded

with the medium remaining clear,

in serum sterility was

judged by subculture only, as the medium never became turbid
from growth of the organisms.

4+ = growth of organisms on subculture egual to that from control
much less than that

= L f

n L]

1
from control.

- =no growth of organisms om subculture.

inh,
(l\"\‘\ bitio n)
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