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One of the most significant and dramatic advances
in medicine during the first half of the twentieth century
came with the introduction and use of antibiotic medicines.
Perhaps more than any other group of drugs, antibi o tics changed
the pattern of treatment of infectious diseases and gave hope
of longer life and better living to countless millions of
people.
The introduction of antibiotics to medicine in the
early 1940's was truly an international event.
The discovery
of penicillin in London had been announced in 1929 by the
Scottish bacteriologist, Alexander Fleming. Ten years later,
Howard W. Florey, of Australis, Ernst B. Chain, of Germany,
and their English associates at Oxford University extracted
penicillin from mold broth, and tested it first in animals,
then in men. They found the mold extract almost unbelievably
active against certain infectious microorganisms, yet
remarkably low in toxicity toward living host cells.
It was
the work at Oxford that gave penicillin to the world. However,
it took the know-how and the resovrqes of governmental and
pharmaceutical establishments in the United States, cooperating with British scientists, to convert low-yield laboratory
procedures to the high-yie~d, massiye quantity production needed
to fulfill the medical demands of World War II.
Sudden anq spectacular though the introduction of
the antibi9tic era may have seemed to the public, behind
it lay more than a half century of e~perimentation by many
men and women in many countries.
In fact, the introduction
of penicillin, and of the many other medically useful antibiotics which followed, was made possible by the -merging of
two quiet streams of scientific investigation that had been
progressing step by laborious step, for many decades.
One stream, research in chemotherapy, had been
organized into some semblance of scientific pattern by the
German physician and chemist, Paul Ehrlich, and his followers,
around the turn of the century.
The other stream of observations of the antibiotic
phenomena began with notes recorded by the Scot, Dr. Joseph
Lister, in 1871, and by French chemists Louis Pasteur and
Jules F. Joubert, in 1877.
Not until these two streams of investigation met
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and merged in the 1940's were the people of the world privileged
to receive benefits of the newly recognized class of antibiotic therapeutic agents.
In the two decades following 1910, no single drug
having significant activity against the most widespread class
of disease-producing microorganisms - the bacteria - had been
developed. Disappointedly, medical men and laymen had begun
to regard chemical therapy as an impractical dream. However,
the synthesis of prontosil in Germany by Gerhard Domagk in
19 35, and demonstration the same year in France that prontosil's antibacterial action was due to its sulfanilamide
fraction, changed the picture. A new wave of optimism
carried chemotherapy back into fashion.
Hundreds of sulfa
compounds were synthesized, studied for activity and toxicity,
and those found safe and effective were added to the armamentarium of the medical profession.
This return of interest to chemical substances soon
led ehemists to look further afield for sources of new compounds.
They began combing the reports of earlier scientific
workers for ideas . . • ideas that by further work might be
carried to more successful conclusions. Among the literature
reviewed was the half-forgotten paper about penicillin published in 1929 by Dr. Fleming.
The antibiotic activity which Fleming had observed
and studied was not new in principle. For countless years
a home-remedy practice in many lands had been to use moldy
bread as a poultice. The Mayans had used a mold from corn
for intestinal troubles . . PhYSicians had treated wounds with
molds in 1871, the year Lister had noted his observations.
Metchnikoff, like Pasteur, had described the process of antibiosis; and it had been given its name by Vuillemin in 1889.
Dr. Alexander Fleming discovered penicillin independently and accidentally, in 1928. He observed that a mold,
penicillium notatum, which invqded a culture of staphylococci
in a petri dish had prevented growth of the bacteria over a
considerable area. Dr. Fleming, working in the Inoculation
Department of st. Mary's Hospital in London, had the curiosity
to cultivate the mold on broth, to make an extract, and to
test .it.
To his amazement, it arrested the growth of many
bacteria (staphylococci, streptococci, pneumococci) and of
the bacilli that cause diphtheria.
He named the impure broth
"penicillin" for convenience, and announced that it was far
more powerful than carbolic acid or other antiseptics, yet
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it could be applied undiluted to body surfaces.
The broth,
he reported, was "non-toxic to animals in enormous doses"
and nonirritant.
It did not interfere with the function of
white cells in blo0d, as did most antiseptics. Finally, he
suggested that "It may be an efficient antiseptic for application to, or injection into, areas infected with penicillinsensitive microbes".
Some attempts have been made to depreciate Fleming's
discovery, and to convey the impression that he did nothing
further after he had reported his findings.
However, as
Pasteur wrote "Fortune favors the prepared mind".
That the
Scottish physician was well "prepared there is no doubt.
As
a medical student in London, he took top honors. As a bacteriologist in Sir Almroth Wright's crowded labora tory at St.
Mary's Medical School, London, he made excellent contributions
to research in the field of immunization. As a medical officer
in World War I, he had great opportunity to observe the shortcomings of known antiseptics in treatment of massive wounds.
The myth that Fleming abandoned penicillin after
Though his paper in 1929
attracted little attention, Fleming continued to experiment
with the substance, to talk about penicillin, to write papers
on it, and to endeavor to interest chemists in extracting it.
Then, the advent of the sulfa drugs drew attention away from
most other efforts, until it became obvious that the sulfas,
too,had some limitations and undesirable side effects.

1 929 has no factual foundation.
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, Meantime, destiny was shaping another phase of the
approach t o antibiotics. Howard Florey, born in Adelaide,
Australia, in 1898, studied medicine in his native land and
c ame t o Oxford on a Rhodes scholarship.
In 1925 , the
Rockefeller Foundati on sent him to the United States to gain
experience in a number of laboratori es . Upon returning to
England, Dr. Florey heard about the work Fleming had been
d o ing and took an interest in it.
In 1935, Dr. Florey was
appointed to the Chair of Pathology at the Sir William Dunn
School in Oxford. This position -afforded Dr. Florey excell ent
opportunities to di~ect and coordinate research teams, as
the school housed laboratories for pathology and bacteriology
under one roof - and Dr. Florey was competent in each of
these.
Shortly after taking over his professorial duties,
Dr. Florey invited Dr. Ernst B. Chain to organize a biochemical
d e partment. Dr. Chain was born in Berlin in 1906, of a
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Russian father and a German mother. At the FriedrichWilhelm University in Berlin, Chain specialized in biochemistry
and physiology, receiving his degree shortly before the Nazis
came into power. Of Jewish faith, Dr. Chain emigrated to
England in 1933, working at the Cambridge School of Biochemistr
until he joined Florey in 1935.
Florey and Chain decided to undertake jointly a
systematic investigationof some of the antibacterial substances
produced by microorganisms.
"

The first investigations decided upon at Oxford
included a study of penicillin b~cause its relative instability
indicated that it might have interesting chemical properties,
and because it was stated to be active against the staphylococcus, against which no other effective re~edy was known
at the time. Chain had -begun work -on a culture of Fleming's
strain of Penicillium notatum in 1938; however, it was not
until late in 1939 that work on penicillin was taken up
vigorously by Florey and Chain.
Th3 crude testing methods first employed were improved. Various culture media were tried to increase the ~i~ld
of penicillin; and freeze-drying in vacuum made possible
extraction of penicillin in small amounts without loss of
activity. The brown powder containing the sodium salt of
penicillin proved to be remarkably active - 1 in 500,000
dilutions proved effective against staphylococci ! (It was
to be found out later that this brown residue contained only
about 1 percent of penicillin.)
Gradually, a small store of the impure penicillin
was gathered - enough for trial on mice. The first test was
made May 25, 1940. Mice were infected with a virulent strain
of streptococcus . . Two groups were injected with penicillin;
one group of controls was unprotected. All the control mice
were dead aft er sixteen hours; the penicillin-protected mice
survived. Other tests on mice, conducted a few days later,
confirmed these results. Imperfect as they were, the mouse
tests stimulated hope for penicillin.
Another complication nQW entered the penicillin
picture: World War II. This added to the difficulty of obtaining supplies and apparatus. However, the need for improved
medicines to care for the war wounded stimulated researchers
to greater efforts - even though bQmbs were falling on Britain
almost nightly.
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"Penicillin as a Chemotherapeutic Agent" was the
title of the first paper to come from the Sir William DUnn
School of Pathology.' Published in The Lancet August 24, 1940,
it caught the eye of Dr. Fleming. He had never stopped hoping
that some day penicillin would be concentrated and purified and the article was a happy surprise. He had not known of
the work going on at Oxford. He was determined to see for
himself. Dr. Fleming went to Oxford, on September 2, 1940,
and called on Drs. Florey and Chain in their laboratory.
To Chain, it was indeed a surprise - he had thought that
Fleming was dead! Dr. Fleming was in touch with the Oxford
group from time to time thereafter; but it was the work of
the team at Oxford that developed penicillin production to
practicality.
Efforts to produce penicillin in larger quantities
presented many problems.
The mold would only grow on shallow
layers of fluid. Wartime demands made it difficult to secure
needed apparatus.
At first, old-time circular bedpans
were pressed into service; later, flat ceramic bottles were
used. Extraction apparatus was ingeniously constructed out
of available odds and ends, not the least useful of which
were milk churns.
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First clinical trials of penicillin began in 1941.
The first patients to be treated were severely ill, and usual
methods of treatment had ·failed.
On February 12, an Oxford
policeman, dying of septicemia, was given penicillin intravenously at intervals. Within twenty~four hours, he showed
marked improvement, and continued to progress for five days until the supply of penicillin was exhausted.
Then the patient
relapsed and died. As supplies of penicillin increased, and
as experience was gained .with dosages and with length of
treatment time, lives of several patients, considered moribund
before they received penicillin, were saved.
To stretch the
pitifully small supplies, at times penicillin was reextracted
from the urine of patients who had received the drug to be
used again.
Laboratory production facilities for p e nicillin
were inadequate, even for clinical testing; and, because of
wartime pressures, English pharmaceutical firms felt it
impossible to invest the time and equipment needed to perfect
mass producti on.
Therefore, in 1941, Dr. Florey embarked for
the United States, which was not yet at war. Arriving just
before the Fourth of July holiday, he was a guest of Dr. John
F. Fulton, professor of history of medicine at Yale University.
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Dr. Fulton eventually put him in touch with Dr. Percy A.
Wells of the Department of Agriculture. After learning of
the problem, Dr. Wells sent Dr. Florey to the Northern Regional
Research Laboratory of the Department of Agriculture at Peoria,
Illinois.
The Problem of producing more penicillin was put
to the director of the laboratory, Dr. Orville E. May, and
to the director of the fermentation division, Dr. Robert D.
Coghill, on , July 14. Dr. Coghill suggested , that . p e rhaps the
deep-tank fermentation methods then used to produce gluconic
acid might be applied to penicillin production.
Several advances came from the laboratories in
Peoria. First, corn steep liquor was added to the culture
medium - and the output of penicillin was stepped up twenty
times.
Substitution of lactose for glucose ~urther improved
the output. A search ' for better molds was undertaken, and
from a rotting cantaloupe found in a Peoria market there was
cultured out a spec~es of Penicillium chrysogenum that improved
yields ' of penicillin still further.
Artificial mutations made
the progeny of this str~in even more fruitful.
In addition to the work at Peoria, United States
pharmaceutical manufacturers began intensive application of
mold experience gained in other fields - brewing, manufacture
of citric acid, and other chemicals - to the penicillin
problem. Entry of the United States into the war, December
7, 1941, added further stimulation to the effort. Techniques
were developed to produce enormous quantities of the drug by
deep-tank fermentation.
The government took control of the
distribution of the entire penicillin output, assuring its
availability for war needs, and for the most urgent civilian
needs.
Of the tr~mendous growth of penicillin production,
it has been said that, actually, in 1941, there was not
suffi,cient penicillin the United States to treat a single
case; in 1942 there were probably insufficient quantities
to treat 100 cases; but, by September, 1943, there was enough
to satisfy the demands of the Armed Forces of this country
and those of our allies as well.
There was constant interchange of information
between government scientists of both nations. As mass
production methods developed, English firms began large-scale
production.
Re~ear~h further revealed that there were several
types of penicillin produced by the molds. Chemical methods
of refinement replaced the impure brown powders with pure,
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crystalline salts. Penicillin F became most popular in England,
while Penicillin G became standard in the United States.
When Fleming announced his preliminary work in 1921,
his listeners were barely polite. When he announced his
findings on penicillin, in 1929, there was no show of enthusiasm.
Nor was there any for another ten years. After Florey and
Chain announced their work, and penicillin began to become
generally available, honors Showered upon all of them. Florey
was elected a Fellow in the Royal Society in 1941; Fleming
was elected in 1943. Each was made a Knight Bachelor by the
King of England in 1944. Chain also was elected to the Royal
Society. In December, 1945, Fleming, Chain and Florey were
jointly awarded the Nobel Prize for Medicine.
Dr. Fleming became professor of Bacteriology at
St. Mary's; was named first, Rector, then Chancellor, of
Edinburgh University; and, upon Sir Almroth Wright's retirement,
Prin~ipal of the Wright-Fleming Institute.
He died in 1955,
and was buried in a crypt at St. Paul's, in London. Dr.
Florey retired as Professor and Director of the Sir William
Dunn School of Pathology in 1962, and is now Provost of the
Queen's College, at Oxford. Dr. Chain in 1949 became Head
of the International Research Centre for General Biochemistry
and Chemical Microbiology at the Institute of Public Health
of the Italian State, in Rome; and in 1961 was appointed
Professor of Biochemistry at the Imperial College of Science
and Technology, in London.
Jhe impetus given to the search fornew antibiotics
during and since World War II has resulted in investigation
of thousands of molds and reports of hundreds of antimicrobial
substances. Tested carefully in research laboratories, by
far the majority of them have been discarded - but from time
to time, new antibiotics appear, and useful varieties of older
ones are developed, to take their place among the weapons
available to physicians in the constant fight against disease.
George X. Schwemlein

