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SvmmarivMm — Diabetis historia exponitur et eventus narrantur, qui
effecerunt ut Auctor insulinam reppererit; minuia quaedam commemorantur
circa operam, quac anno 1g2T Toronti facta est; breviter antem perpenditur
quae sit nunc insulinae sors, quacque in {futurum sperare liceat.

1972 marks the soth Anniversary of the testing and the
clinical use of the antidiabetic hormone insulin. The history
of this remedy goes far back into antiquity and is, of course,
clogely related to that of diabetes. Traces of what may have
been diabetes are described in records which go back to
1500 years before the birth of Christ. My students from
India, Japan, China, and from the Arabic countries, tell me
that references to the disorder have been passed from expert
to expert and that the first references may be earlier than
the one to which I have refersed.

I will begin my brief review of the History of Diabetes
with the physician Celsus who lived here in Rome from

Paper presented on April 13th, v972 during the Plenary Session of the
Pontifical Academy of Sciences.
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30 B.C. to 38 AD. (Slide 1). He recorded a good descrip-
tion of diabetes. Tater, about 250 years after the birth of
Christ, Aretacus of Cappadocia (Slide 2) gave an even betler
description and coined the word « diabetes » which means
“to flow through” or to “syphon off”. The word “mellitus”
was later added.

The next (Slide 3) shows a picture of Claude Bernard
who has been one of my heroes as a first great experimental
physiologist. He discovered many important facts relating
to diabetes, such as the presence of the complex sugar glyco-
gen in liver and the fact that diabetes could be produced
by a pin prick in certain parts of the brain in animals. I was
working on the nerve pathway by which these impulses
produced diabetes just before the work on insulin in Toronto
began.

In 1869 a young medical man, Paul Langerhans (Slide
4) who had graduated from the University of Berlin, published
his inaugural dissertation on cells in the pancreas glands
which had never been described before. Langerhans made
many other contribufions to the histology of the pancreas but
he suggested no function for the cells which bear his name.
He was immortalized by Laguesse who first called these cells
the Islands of Langerhans. In the next (Slide 5) is a picture
of a single human Tsland of Langerhans showing the blood
vessel going in to carry nutrients and the blood vessel coming
out which would carry insulin.

In 1889 two German investigators, Baronw von MERING
(Slide 6) and Oscar Minkowsxk: (Slide #) proved conclusively
that the removal of the pancreas from dogs produced rapidly
fatal diabetes. MiNngowskr was really the moving spirit. T
had correspondence with him and sent him his first insulin,
but never had the pleasure of meeting him. He died before
the Nazi regime but his wife was rescued from prison-camp
with funds sent from Toronto through our Swiss colleagues,
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She went to join her daughter in South America where 1
called upon her when I was a visiting lecturer in Professor
Houssay’s laboratory for some six weeks. She gave me several
most interesting books from Oscar MINKOWSKI's library.

There were many attempts to extract an active principle
from the pancreas after von MEeRING and MINKOWSKI'S work,
MINROWSKI made extracts himself but recorded only negative
results. I will mention a few of the many others who made
these experiments. The next (Slide 8) is of Dr. GEORG ZUELZER
whose experimental work was not significant but who made
extracts of pancreas and administered them to human patients
in Miwgowskr’s Clinic. He produced a fall in blood sugar
but certainly no clinical improvement and the study had to
be discontinued because of the toxic effects of the extracts.
Nothing more was heard of ZUrrzeEx’s work, which was
completed in 1gog, until after the work on insulin in To-
ronto. The next (Slide g) shows Dr. E. L. Scort of New
York who made extracts of pancreas and secured some lower-
ing of blood sugar in depancreatized dogs. But he was wor-
ricd about his chemical methods and spent most of the rest
of his active life in trying to improve them. I mention him
because he was one of those who tied the pancreatic ducts
as we did later. Professor ERNEST StarRLING (Slide 10) had
cvidence of the presence of insulin but his findings were
severely criticized by my mentor in Torouto, Professor J. J.
R. MacLron, and Sir ERnEsT withdrew his claims. The
next (Slide 11} shows his statement in 1920. The next picture
{Slide 12) is of Prof. J. J. R, MacLEoD who taught me a great
deal about carbohydrate metabolism and experimental dia-
betes in the course of 6o lectures in 1g20. He thought that
the Islands might be detoxifying centres and remove a poison,
the accumulation of which might produce diabetes. He made
extracts of pancreas but complictely failed to secure any defi-
nite antidiabetic effect. His comments are shown in the next
(Slide 13).

10
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WE DO NOT YET KNOW HOW THE PANCREAS AFFECTS
SUGAR PRODUCTICN OR UTILISATICON IN THE NORMAL‘ANIMAL.
IT IS GENERALLY ASSUMED THAT IT SECRETES INTO THE BLOOD
STREAM A HORMONE WHICH MAY, ACCORDING TO THE VIEW COF THE
NATURE CF DIABETES WHICH WE ADCPT, PASS TO THE TISSUES
AND ENABLE THeM TO UTILISE SUGAR, OR PASS TC THE LIVER
AND INHIBIT THE SUGAR FRODUCTION IN THIS ORGAN, A VERY
SMALL PORTION COF THE PANCREAS IS SUFFICIENT FOR THIS
PURPCSE, BUT WE HAVE BEEN UNABLE TO IMITATE THE ACTION
OF THE PANCREAS STILL IN VASCULAR CONNECTION WITH THE
BCODY BY INJECTION OR ADMINISTRATION OF EXTRACTS OF
THIS ORGAN.

MARCH 1920, LRNEST H, STARLING'S TEXTBOOK.

SLIpE 11 - Statement by Dr. Srarning
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THE REMOVAL OF SOME HORMONE NECESSARY FOR
PROPER SUGAR METABOLISM IS, HOWEVER, BY NO MHEANS
THE ONLY WAY BY WHICH THE RESULTS CAN BE EXPLATNED,
FOR WE CAN ASSUME THAT THE PANCREAS OWES ITS IN-
FLUENCE OVER SUGAR METABOLISM TO SOME CHANGE OCCURR-
ING IN THE COMPOSITION OF THE BLOOD AS THIS CIRCULATES
THROUGH THE GLAND - A CHANGE WHICH IS DEPENDENT ON THE
INTEGRITY OF THE GLAND AND NOT ON ANY ONE ENZYME OR
HORMONE WHICH IT PRODUCES,

1620, J.J.R. MACLECD'S TEXTBOOK .,

Semr xz — J. ], R. MacLiop
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Another investigator who came close to success was Dr.
Israpl Krener of The Rockefeller Institute in New York
(Slide 14). He made emulsions of pancreas and succeeded in
lowering the blood sugar but he was bothered by thrombosis
produced by the particles in his suspension and contented
himself with recording his findings and stating that someone
should filter his extracts and see if they were still potent.
Another prominent investigator who had not published prior
to the beginning of our work in Toronto, was Professor Pau-
LEsco of Roumania (Slide 13). His acute experiments were
very successful. The blood sugar of his dogs after pancreatec-
tomy did not rise as high as they usually did in our animals.
He produced a very low blood sugar and it is very puzzling
why these animals did not show profound signs of hypogly-
caemia. He lowered not only the blood sugar but the ketone
bodies with his extracts. In contrast with onr experiments
he did not observe his dogs for prolonged periods — never
more than 4 days. He did not attempt to purify his extracts
as we did with acid alcohol and fat solvents and his stadies
did not lead directly to the clinical use of insulin which was,
of course, the goal which we achieved.

The next (Slide 16} is my favourite picture of FRED
BanTiNG taken in our laboratory in 1921. The experiments
in Toronto were initiated by BaNTiNG who had the idea that
if the pancreatic ducts were tied it might be possible to extract
the antidiabetic hormone. This procedure had, as I told you,
been used many times before but without snccess. The next
(Slide 17) shows a portrait of Freperick BanTiNG which
hangs in the entrance of the Banting Institute in Toronto.
The next (Slide 18) illustrates our first success. It is not
very startling but it was encouraging. However, during the
foliowing months we had scores of dramatic lowering of the
blood sngar and of the improvement of the clinical condition
of the animals. The next {Slide 19) is a page from our

17
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notebook showing the lowering of blood sugar. The next
(Slide 20) continues this record. Tn the next (Slide 21) the
dramatic lowering of blood sugar from a very high level to
the normal level, is illustrated. And in the following (Slide 22)
is shown the first use of extract of foetal calf pancreas. From
this material we produced an extremely potent and relatively
pure material which would — as we later showed — give
excellent clinical results,  The next (Slide 23) shows the
lowering of the blood sugar to a level below the normal and
the animal had the characteristic symptoms which are seen
to-day in patients who take too much insulin. In the next
(Slide 24} a summary of our results which appeared as the
conclusion of onr first paper. This (Slide 25) is a picture
of FrED BANTING and myself in Tg2T with the laboratory
where we worked, as a background, with the first dog that
received insulin.  The following (Slide 26) is of the dog that
lived for 70 days and showed dramatic improvement, She was
the first dog in history to demonstrate the prolonged beneficial
effect of daily injections of insulin. {Later on animals Iived
for 10 to 12 years with daily injections). This dog was called
“Marjorie” and a bas-relief was made of her by a physician
in the United States and I have a cast of this plaque in my
office (Slide 27).

Professor MacrLron who had been sceptical and who
had been away for 4 months in the summer of 1921, heard
BANTING and me present our results at a University of To-
ronto Medical Seminar on the 14th of November, 1921. He
was completely convineed (Slide 28) and thereafter turned
his own attention and that of his laboratory to the develop-
ment of insulin. The next (Slide 2g) shows the suggestion
which Frep BanTmvg made for a plaque to be put up in the
room where we had carried on our experiments.

In 1920, before the discovery of insulin, T became engaged
to a beautiful girl (Slide 30) who took a very great interest
in our work. Indeed she helped us write the first paper, and

24
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"IN THE COURSE OF OUR EXPERIMENTS WE HAVE
ADMINISTERED OVER SEVENTY-FIVE DOSES OF EXTRACT
FROM DEGENERATED PANCREATIC TISSUE TO TEN
DIFFERENT DTABETIC ANIMALS. SINCE THE EXTRACT
HAS ALWAYS PRODUCED A REDUCTION OF THE SUGAR OF
THE BLOOD AND OF THE SUGAR EXCRETED IN THE URINE,
WE FEEL JUSTIFIED IN STATING THAT THIS EXTRACT
CONTAINS THE INTERNAL SECRETION OF THE PANCREAS."

("THE INTERNAL SECRETION OF THE PANCREAS"

By: F. G. BANTING AND C. H. BEST,

8t. Louis, Vol. VII, No. B, Feb, 1922

SLIDE 24
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PROFESSOR J.J,R. MACLEOD WROTE:

uBY THEIR INDUSTRY AND PATIENCE THESE TWO WORKERS
(FREDERICK G. BANTING AND CHARLES H. BEST)
SUCCEEDED, IN A FEW MONTHS, IN OBTAINING FINDINGS
WHICH I CONSIDERED TO BE PERFECTLY CONVINCING,*
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three pages of this document are her handwriting.  As many
of you know she goes with me everywhere and we have never
peen busier than in 1971 and 1972, This next (Slide 31)
shows her handwriting, the following one (Slide 32) that of
FrED BANTING, while the next one (Slide 33) is part of the
manuscript in my own hand.

T will not have time to go mnto the developments of
insulin in the 1920’s and 1g30’s but insulin was crystallized
by Professor J. J. ABEL of Jomns Horxins University. His
picture is shown in the next (Slide 34). Professor H. C.
Hacrnorn of Copenhagen (Slide 35) was the first to make
a slow-acting insulin and this was followed by the work of
many others until a great variety of insulin preparations
are now available.

On January 11th, 1922, the first diabetic patient received
insulin. Banrive and T had given each other injections of
our material and then it was sent over to the Toronto General
Hospital for clinical use. I have always been sorry that we
did not use the material from foctal calf pancreas because
it was ten to 20 times as potent but it was felt that material
from a commercially available source, that is, beef pancreas,
would be preferable.

In December, 1922, Professor J. B. Coriwe joined our
group. He was an experienced biochemist and using the data
which we made available to him he was able to purify our
extracts so that they could be given freely to diabetic patients.
Unfortunately after several weeks he lost the secret of making
insulin on a larger scale. He was recalled to his own CHAIR
in Alberta before he could recover the sceret. That was a
hectic period for me but after «ix wecks with a greatly
modified methed, the procedure was recovered and, of course,
has never been lost.

In January, 192z, LEONARD THOMPSON (Slide 36) was
the first patient to reccive insulin. A little Jater Dr. JoSEPH
Grieurist (Slide 37) was the first medical man to receive

35
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the hormone. He volunteered for many experiments and when
we gave him insulin in the laboratory the first demonstration
of increased burning of sugar in a human diabetic was secured.
The next shde shows Dr. R. D. Lawgrence (Slide 38) one of
the early patients in Great Britain. He became fheir most
eminent diabetic specialist, 1 am sure that my collcagues
could cite ecarly cases from many countries in the world.
The next (Slide 2g) shows the first patient in the United
States, JaMES Havewns, who became a celebrated artist, and
the following (Slide 40) is of Dr. Grorer MiNor, a severe
diabetic who was freated by the celebrated diabetic specialist
Dr. Eruiorr P. Jostn of Boston.  After his recovery he
devoted himself to work on pernicious anaemia and, with
Drs. Mureny and WriereLg, he discovered the treatment for
that disorder. This was the beginning of a romantic pyramid
and T know that people with pernicious anaemia have made
many contributions {o medicine, arts and sclences.

have said enough about the discovery phase of insulin
and will make a few remarks about the present position.
Approximately one hundred and thirty million people have
taken insulin since 1922. Some of them have lived for 50
years. Many of them have had no complications but others
have suffered from disorders relating to diseases of the blood
vesscls which may affect the heart, the Hmbs or other organs.
So one of our main problems is to learn more about these
complications and how to prevent them. I have advocated
for a long time, a direct attack, using diabetic animals in
which these complications may be seen. T am sure that
success will reward the efforts of our successors.

As many of vou know, there are oral agents which can
be used in the freatment of some diabetics. The pioneer
work was done by Professor Loumariires of Montpellier,
France. These exert their effect by stimulating the pancreas
to liberate insulin, A greal many patients can be controlled

43
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by diet alone — some need these oral agents and others, the
more severe cases, require insulin.

There are many triumphs which I could record. A
great one was the determination of the constitution of insulin
by Dr. FrEpERICK SanGER of Cambridge. His was a great
advance in protein chemistry and was rewarded by the Nobel
Prize. His findings laid the foundation for the synthesis of
insulin which was accomplished at about the same time in
China, in Germany, and in the United States. The making
of insulin on a large scale in the laboratory has not yet been
accomplished but wili, I am sure, be reatized before the sup-
ply of natural insulin from pancreas is exhausted. The three-
dimensional structure of insulin has been largely worked out
by Dr. DororHy HopGkKIN and her colleagues.

As shown by Dr. Dowarp StrEmngR of Chicago, insulin is
made from a precursor, proinsulin, and the exact site of this
intracellular synthesis in the conversion of proinsulin to insulin,
is now well-established. Professor PauL Laciy of 5t Louis
has shown how the granules of insulin are formed and how
they migrate to the cell margin and discarge their contents
into the extraccllular fluid. Thus we have a great deal of
information on the formation and secretion of the hormone.
Many physiological and pharmaceutical substances stimulate
this process.

The action of insulin is a subject in which I am most
interested and we know a great deal about it. The various
organs in which insulin works, the fact that it increases the
penetration of sugar in amino acids and other substances
into the cell, that it stimulates a number of enzymes which
synthesize glycogen, protein and glyceride. We know a great
deal about the destruction of insulin by specific enzymes. Of
course, in every field which I have mentiomed, much more
remains to be domne.

In 1971 we had twelve conferences on insulin in various
parts of the world so that T think research workers are better
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informed than they have ever been before; they are certainiy
highly motivated and the level of knowledge which has now
Leen reached will serve as a platform on which great advances
will be built.

1 could predict that many important experimental and
clinical advances will be made before we celebrate the Goth
Amniversary of Insulin in 1g8T.
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