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The introduction of the sulphonamides in the 1930s was seen as an immensely important advance in the
treatment of a wide range of bacterial diseases. But there had been so many false alarms and disappointments
with other treatments in the past that it was clear that formal clinical trials were needed to assess these new
drugs.

At the time, most clinical trials relied on comparing morbidity or mortality in current patients treated with a new
treatment with that in apparently similar, past patients - ‘historical controls' - who had either received another
treatment, or no treatment.

Comparisons of current patients given new treatments with ‘historical controls’ can yield trustworthy results when
the differential effects of the two treatments are dramatic (Glasziou et al. 2007). But it began to be recognized
during the 1930s that such comparisons were not a reliable indicator of moderate treatment effects and
differences. In these circumstances, deliberate steps were needed to ensure that the patients in treatment
comparison groups were similar, so that ‘like would be compared with like’.

Reflecting a growing understanding of this principle, a growing number of clinical trials reported during the 1930s
and 1940s used alternation or random allocation of patients to treatment comparison groups, with the objective
of ensuring that ‘like would be compared with like’. The history of research on the sulphonamides during the
1930s and 1940s neatly illustrates the need for these different kinds of clinical trials. Studies using historical
controls were sufficient to provide convincing evidence that sulphonamides had a dramatic effect on mortality
from puerperal fever (Colebrook and Kenny Lancet 1936;1:1279-1286; Colebrook and Kenny Lancet
1936;2:1319-1322; Colebrook and Purdie 1937) and meningococcal meningitis (Banks 1939). More carefully
controlled trials, using alternation of patients to treatment and control groups, showed that these new drugs also
had worthwhile effects on erysipelas (Snodgrass and Anderson BMJ 1937;2:101-104; Snodgrass and Anderson
BMJ 1937;2:1156-9), pneumonia (Evans and Gaisford 1938; Anderson 1939; Menten et al. 1940) and plague
(Wagle et al. 1941).However, studies using alternation also suggested that sulphonamides were unlikely to be
useful for scarlet fever (Hogarth 1937; Schwentker and Waghelstein 1938), and some gastrointestinal disorders
(Fletcher and Scadding 1945; Scadding 1945). In brief, the design of fair tests of the effects of sulphonamides
depended on how large an effect, if any, these drugs had on each of the diseases for which they were considered.

When the role of bacteria in infective diseases had become firmly established in the late nineteenth century there
were, broadly speaking, two approaches to treatment. The first, and by far the largest, was a series of attempts
to attack bacteria by techniques of passive or active immunization, and many of the earliest trials using
alternation to generate comparison groups were done to assess the effects of such immunisation (Fibiger 1898;
Bingel 1918; Bullowa 1928; Park et al. 1928; Cecil and Plummer 1930; Medical Research Council 1934). Passive
immunisation consisted of injecting a patient suffering from a bacterial disease with serum from an animal (most
often a horse) which had been given a series of injections of the bacterium in question to provoke the production
of antibodies. The horse was, in effect, used as a factory for making antibodies which were given to the patient as
injections of horse serum. The major snag of such passive immunisation was that horse serum was apt to
produce dangerous anaphylactic reactions , known at the time as ‘serum sickness’ .
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Active immunisation consisted of injecting the patient with bacteria which had been attenuated in such a way that
they retained their ability to provoke antibody formation, but were too weak to provoke illness. Here, there was
no danger of serum sickness, but it takes a considerable time for the body to produce antibodies. Active
immunisation of healthy people is therefore an effective way of preventing a disease, but an ineffective form of
treatment since the patient may die before active immunisation has had time to produce immunity.

Immunotherapy dominated the treatment of infective disease during the first thirty years of the twentieth
century, but another and totally different approach was being developed simultaneously. It was an approach
which became known as chemotherapy — a term which was first used by one of its greatest proponents - Paul
Ehrlich (1854-1915). Although Ehrlich had begun his research with antitoxins, he soon developed a line of
reasoning which went something like this. It was known that dyes could be used to stain bacteria on a microscope
slide. If dyes could stain bacteria in the laboratory, there might be dyes which could be administered as drugs
and stick to bacteria in the human body, killing the bacteria in the process but doing no harm to the patient. Such
a drug would, Ehrlich suggested, resemble a ‘magic bullet’. Ehrlich had limited success in his search for a magic
bullet, but his reasoning explains what at the time seemed very odd indeed — that there might be a link between
bacteriology and dyes which were manufactured for the purpose of colouring fabrics and clothing.

The discovery of sulphonamides

This brings us to the work of the German scientist, Gerhard Domagk (1895-1964), who discovered the
sulphonamides in December 1932. His work, incidentally, brought him a Nobel prize in 1939, but the Nazi regime
refused to allow him to accept it. Fortunately, however, he was able to travel to Sweden after the war to accept
the award, but because of the lapse in time he did not receive the financial part of the prize. Domagk was also
delighted to be elected to a Fellowship of the Royal Society of England.

When Domagk made his discovery, he was working for the well-known firm of Bayer which had been founded in
1863 to produce a series of brilliant aniline dyes from coal-tar, a by-product of the coal-gas industry. In 1890, in
response to a request to see if they could produce a pain-killing drug, Bayer discovered aspirin. This was so
successful that Bayer decided to develop a pharmaceutical division as well continuing to produce dyes.

Domagk, who had served in the German army medical corps in World War I, graduated in medicine after the war
and chose research. In 1927 he was appointed Director of Bayer’s newly established Institute of Experimental
Pathology and Bacteriology. Because Domagk was a great admirer of Ehrlich, he fastened onto the idea that a
dye might be the ‘magic bullet’. So he arranged that whenever the chemists at Bayer produced a new dye, a
sample would be given to Domagk to see if it possessed anti-bacterial activities.

Domagk’s established routine was to begin by testing the effect of each new dye on streptococci in vitro in the
laboratory. If the dye appeared to attack the bacteria on the plate, he tested the effect on mice. There were
many failures until, in December 1932, two of Domagk’s colleagues brought along a new red dye which happened
to contain a sulphonamide group for the chemically logical reason that it improved the colourfastness in fabrics.

Following his usual routine, Domagk tested this dye in vitro and it appeared to have no effect. Then, for reasons
which, as far as | know he never explained, he departed from his usual routine and tested this new red dye on
mice. He took twenty-six mice and injected all of them with a dose of virulent streptococci. Fourteen were kept as
controls and twelve were treated an hour and a half after the streptococcal injection with a single dose of the new
red dye, administered by stomach tube. The fourteen control mice died within four days; all the mice which had
received the red dye survived. The red dye was called Prontosil Rubrum (Loudon 2000).

This was such an astonishing result that Bayer realised there was a potential fortune to be made. It is still not
clear why Domagk did not publish his work until 1935, but it was probably for reasons of secrecy connected with
patenting. There were, however, a few reports of using the drug in Germany, but they were not convincing and it
is not stated what diseases they treated (Colebrook 1956). But news of this new and supposedly anti-bacterial
drug leaked out. At the Pasteur Institute in Paris, Tréfouel and his colleagues asked Bayer if they could have
some Prontosil but the request was refused. Nevertheless the scientists at the Pasteur Institute managed to
synthesise Prontosil (or something very close to it) and they soon surprised everybody by suggesting that the
Prontosil molecule consisted of two parts, joined by a double bond, which was broken down in the body. One
part, tri-amino-benzene produced the red colour but had no therapeutic value, while the other, p-aminobenzene
sulphonamide (subsequently known as sulphanilamide) was probably the active anti-bacterial agent. Time proved
that the French were right.
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