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Frederick G. Banting 
(1891-1941)
Sir Frederick Grant Banting was born in a 
farmhouse of Allinston, Ontario (a small 
town about forty miles north of Toronto, 
Canada), on November 14, 1891. He was 
the last of Þ ve children of William Thomp-
son Banting and Margaret Grant. John 
Banting, Fred’s grandfather was an Irish 
immigrant who arrived to Canada in the 
1850s. The most relevant biography about 
Banting has been written by Michael 
Bliss, Professor of the Department of His-
tory at University of Toronto.1

Fred Banting attended the public school 
in Allinston, where he was seen more as an 
athlete than a serious student. Banting was 
a member of the high school baseball team 
winner of the league championship. Never-
theless, Banting wanted to become a medi-
cal doctor, and not a Methodist minister, 
what his authoritarian father wished for 
him to be. In the fall of 1910, in the com-
pany of his cousin Frederick Hipwell, reg-
istered at Victoria College in Toronto. After 
this experience, he was convinced that 
studying religion in order to please his fa-
ther was a mistake. After been surprised by 
getting the support from his parents for 
such decision, Banting enrolled the Medi-
cal School, University of Toronto, during 
the fall of 1912. His cousin Fred Hipwell 
shared also the same initiative. Banting 
started to date a language student, Edith 

Roach, daughter of the Methodist minister 
of Allinston. Fred was just an average stu-
dent. The Professor of Biochemistry A.B. 
McCallum induced Fred’s interest by the 
pancreatic glands and the pancreatic islets, 
although Banting primary choice was to 
become an orthopaedic surgeon.2

In the early summer of 1914, the Arch-
duke Franz Ferdinand, heir to the Austria-
Hungarian Empire, was assassinated in 
Sarajevo, determining the origin of the 
First World War. Although the schedule 
for his medical class was to graduate in 
1917, Frederick Banting joined the Cana-
dian OfÞ cers Training Corps in 1915. This 
circumstance was referred in Banting’s 
memoirs to be responsible of the “very 
deÞ cient medical training”. His destina-
tion to the Granville Canadian Special 
Hospital in Buxton, England, did not al-
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low marrying Edith. One year later, Ban-
ting was transferred to the Ambulance 
Corps in France. On September 28th, 
1918, Banting was injured in the battle of 
Cambrai; he applied a tourniquet to his in-
jured arm and continued working. Captain 
Banting was condecorated with the Mili-
tary Cross, refused the amputation ad-
viced by the hospital doctors, and after a 
long convalescence, saved his arm.

In September 1919, Frederick Banting 
continued his training as Surgical Resi-
dent at the Hospital for Sick Children in 
Toronto, under Chief Surgeon Dr. 
Clarence L. Starr. Then, he moved to Lon-
don, Western Ontario, in July 1920, open-
ing a private ofÞ ce and accepted a part-
time job as lecturer at the University.

In October 1920, Banting read an arti-
cle by Moses Barron,3 indicating that the 
ligation of the pancreatic duct was fol-
lowed by the degeneration of the cells of 
the pancreas which secrete trypsinogen, 
antagonistic to the internal secretion of 
the gland (Þ gure 1). Since the acinous but 
not the islet tissue, degenerates after this 
operation, the hypothetic pancreatic hor-
mone could be extracted from these intact 
islets. Banting became excited about the 
possibility of curing diabetes by the ad-
ministration of pancreatic extracts devel-
oped under these premises.

For this reason, he visited Prof. JJR Ma-
cleod, the very prestigious professor of 
Physiology, at the University of Toronto, 
on November 7th. Initially, Macleod was 
not in his favour. Banting was a surgeon, 
not a basic researcher, had only a superÞ -
cial textbook knowledge on experimental 

diabetes, and was not familiar with the ad-
equate methodology to be used in the lab-
oratory. Nevertheless, Macleod Þ nally ac-
cepted to offer, in summer time, a space 
for laboratory, an assistant, and ten dogs, 
in order to facilitate the experiments. 
Therefore, Banting could not start right 
away the research project, as he wished. 
He returned to his unsuccessful private 
practice in London. 

In March 1921, Banting wrote Ma-
cleod, expressing his interest to start 
working in Toronto already in May, which 
was already accepted. The Professor of 
Physiology explained the project to 
Charles Best and Clark Noble, fourth-year 
students of Physiology and Biochemistry, 
and Research Assistants in his Depart-
ment. Macleod left to both students the 
decision about how to assist Banting in 
his research. They flipped a coin and 
Charles won the toss. Banting and Best 
cleaned the dirty surgical laboratory pro-
vided for the experiments. On May 17, 
1921, Macleod, Banting and Best met to 
initiate the research project.

The fate of diabetic patients experi-
enced an extraordinary transformation af-
ter the introduction of insulin treatment. 
In 1922, Banting was appointed Senior 
demonstrator in Medicine at the Universi-
ty of Toronto. In 1923, he obtained the 
Doctor of Sciences degree and was elect-
ed Chair of Banting and Best Institute for 
Medical Research, University of Toronto. 
Additional appointments were Honorary 
Consulting Physician to the Toronto Gen-
eral Hospital, the Hospital for Sick Chil-
dren, and Toronto Western Hospital. The 

Banting and Best Institute was engaged in 
silicosis and cancer (mainly the Rous’s 
sarcoma), among other areas. Frederick 
Banting received the Reeve Prize of the 
University of Toronto, in 1922; the Nobel 
Prize in Physiology and Medicine, in 
1923; and in the same year, the Canadian 
Parliament granted him a Life Annuity. 
He received honorary distinctions of many 
academic organizations, not only from 
Canada, US and England. In 1928 Ban-
ting gave the Cameron Lecture in Edin-
burgh. In 1934, Banting was honoured as 
Knight Commander of the Civil Division 
of the Order of the British Empire.

In 1925, Frederick Banting married 
Marion Robertson, a radiology technician 
at Toronto General Hospital. Although 
Fred and Marion divorced in 1932, they 
had a child, William, born in 1929. In 
1939, Banting married Henrietta Ball, a 
technician of his department. Then, he re-
joined the Army.

Banting strongly opposed to Hitler and 
showed friendship to Jewish researchers 
escaping from the Nazis. The Canadian 
Government rejected his request to com-
bat overseas at the Second World War. He 
was assigned to a special research pro-
gram to overcome the danger of pilots 
when they ß ew at high altitudes. He de-
veloped a ß ight suit, Þ lled with ß uid, to 
protect pilots from air bubbles forming in 
blood.2 While his colleague in the project 
decided to travel by ship to England with 
the suits, Banting decided to ß y. 

On February 20, 1941, he took off from 
Gander, Newfoundland, aboard a Hudson 
bomber. Shortly after the plane took off, 
the engines failed; the airplane crashed in 
a deserted site of Newfoundland. Banting 
was seriously injured and two other men 
died. While waiting for help, Banting died 
on February 21, at the age of 50.

Charles H. Best (1899-1978)
Charles Herbert Best was born in West 
Pembroke, Washington County, Maine, 
US. His parents, Herbert Huestis Best, a 
physician, and Luella Fisher, were Cana-
dians from Nova Scotia. From childhood, 
Charles became an experienced horse-
man. He moved to Toronto, Ontario, in 
1915 to become a Bachelor of Arts. One 

Figure 1. 
Ductus pancreaticus. 
Johann Georg Wirsung 
(1600-1643)
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of his aunts died in 1917 in Boston, as a 
consequence of suffering for diabetes.

In 1918, he enlisted in the Canadian Ar-
my, and went overseas in the First War as a 
Sergeant. After the war, he completed the 
studies for the Baccalaureate in Physiology 
and Biochemistry, graduating with Hon-
ours. With an appropriate background in 
laboratory methods, including blood-sugar 
measurement, his summer plans changed 
when Professor Macleod asked him to as-
sist Dr. Frederick Banting’s research 
project. Charles Best was 22 years old. Be-
ing so young for the occasion, Best was at 
the right time and the right place doing re-
search at the University of Toronto. 

Banting was responsible for the surgical 
work. Best was responsible of the chemical 
assays. And, Þ nally, James B Collip, ac-
cepted the critical task of the puriÞ cation 
of the pancreatic extracts. On March 23, 
1923, the Council of the Academy of Med-
icine of Toronto provided a Resolution that 
conclusive evidence has shown that the 
isolation of a substance presumed to be the 
internal secretion of the pancreas and 
termed insulin by Dr. F.G. Banting and Dr 
C.H. Best occurred in summer of 1921 at 
the University of Toronto.

In 1923, the Nobel Prize Committee 
honoured FG Banting and JJR Macleod 
for the discovery of insulin. J.B. Collip 
and C.H. Best were ignored by the Com-
mittee. Voluntarily. Banting shared half of 
his award money with Best, and Macleod 
took the same decision regarding Collip. 
In 1924, Charles Herbert Best and Marga-
ret Hooper Mahon got married. They 
would be succeeded by two sons.4

Then, Best completed his doctorates in 
both Medicine and Physiology. Sir Henry 
Dale, Nobel Laureate and President of the 
Royal Society of England, invited Best as 
Researcher of the National Institute for 
Medical Research in London, England. 
Other Best’s mentors were Dr. Elliott P. 
Joslin in Boston, US, and Dr. J.G. Fitzger-
ald, the Þ rst Head of the Connaught Labs, 
and Dean of the Faculty of Medicine, To-
ronto University. Charles Best joined Fre-
derick Banting as Director of the Banting 
and Best Institute, and succeeded J.J.R. 
Macleod as Professor of Physiology at 
University of Toronto, in 1929. 

Charles Best was Advisor for the Medi-
cal Research Committee of World Health 
Organization, Companion of the Order of 
Canada, Commander of the Civil Division 
of the Order of the British Empire, Com-
panion of Honour Fellow of the Royal So-
ciety of London, and the Þ rst Canadian 
elected in the PontiÞ cial Academy of Sci-
ences. In 1933 Charles Best was offered 
the Chair of Physiology in Edinburgh to 
succeed Sir Edward Sharpey-Schafer, and 
in 1951 the Chair of Physiology in Cam-
bridge, but he decided not to leave both 
Departments he headed, the Department 
of Physiology and the Banting - Best De-
partment of Medical Research from the 
University of Toronto. Best received 30 
Honorary Degrees, being the Þ rst present-
ed at the University of Chicago in 1941. 

As Frederick Banting, Charles Best 
loved to paint. Best always depicted a great 
deal of energy and enthusiasm for life. In 
1953 he suffered a series of heart attacks. 
In 1964, he was bothered by a severe de-
pression. On March 31, 1978, Charles Best 
died as a consequence of an aortic aneu-
rysm. He was 79 years old. He was buried 
in Mount Pleasant Cemetery, Toronto. 

Animal research activities 
at the Department of 
Physiology, University 
of Toronto, leading to the 
development of an active 
pancreatic extract
Frederick Banting and Charles Best met 
for the Þ rst time in mid-May, 1921. Ma-
cleod had assigned them a small room in 
the Department of Physiology, not having 
been used for more than 10 years. It was 
dirty and very uncomfortable. They clea-
ned it with their hands and knees. Banting 
had never before performed a pancreatec-
tomy. Macleod showed the surgical pro-
cedure with the Þ rst dog, leaving behind a 
small remnant, following the two-step 
protocol described by Hédon in 1909.5 
The technique allowed the pancreatic 
function while the animal recovered. 
About a week later, the completion of to-
tal pancreatectomy will induce diabetes to 
the animal. Best used the Myers-Bailey 
technique for estimating blood sugar, a 
modiÞ cation of the Lewis-Benedict pro-

cedure, and the Benedict’s method for the 
determination of glycosuria. He also mea-
sured the glucose to nitrogen (G:N) ratio, 
as an additional metabolic parameter of 
the disease (Þ gure 2).

Macleod left for summer vacation to 
Scotland. The research team worked with 
the hypothesis that after a few weeks of 
having the pancreatic ducts tied off, the 
pancreas would atrophy but will contain 
intact the islands of Langerhans. The Þ rst 
intention was to graft pieces of the “de-
generated” gland into the pancreatect-
omized diabetic dogs. Later on, the deci-
sion was to prepare an emulsion of the 
“degenerated” pancreas and to inject it, at 
variable doses. The injection of the ex-
tracts from this “degenerated gland” 
would overcome the hyperglycemia and 
glycosuria of depancreatized dogs. 

The lack of experience of Banting was 
responsible of animal deaths either from 
the anaesthesia or the surgery. Eventually, 
the surgical performance improved, al-
though Banting and Best were running 
out of dogs. Banting had to sell his car to 

Figure 2. Laboratory test useful in diabetic 
treatment before insulin era

• Urine sugar
– Benedict SR. JAMA. 1911;57:1193
• Blood sugar
– Epstein. JAMA. 1914;24:1667
– Myers and Bailey. J Biol Chem. 1916;24:147
–  Bang I. Methoden zur Mikrobestimmung einiger 

Blutbestandteile. Bergmann, Wiesbaden, 1916
–  Hagedorn HC, Jensen BN. Ugeskrift for Laeger. 

1918;80:1217
– Folin and Wu. J Biol Chem. 1919;1:38
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buy more animals. On July 10, 1921, after 
experimenting with nineteen dogs, the 
outcome was very poor. Fourteen animals 
died, and only in two animals the protocol 
evolved as expected.5 In most animals the 
“degenerated pancreas” showed a normal 
appearance, suggesting failure of the duct 
ligation procedure (?), and it looked al-
most impossible to induce experimental 
diabetes in depancreatized dogs.

At the end of July and early August, 
1921, Banting and Best initiated to test 
the effects of the pancreatic extracts, fol-
lowing the instructions of Macleod (Þ g-
ure 3).6 On August 3, Banting and Best 
decided to abandon the unsuccessful and 
laborious Hédon procedure, and to pro-
ceed with whole pancreatectomy in a sin-
gle time. The administration of the ex-
tract of “degenerated” pancreas to the 
third dog, being the Þ rst subjected to the 
one-step whole pancreatectomy, caused a 

reduction of blood glucose from 260 mg/
dL to 160 mg/dL in approximately half 
and hour, and the outcome was repro-
duced hours later (from 250 to 180 mg/
dL). To celebrate the occasion, Banting 
and Best decided to name the extract as 
“isletin”.5 The name of isletin would be 
later changed by the name of insulin, 
some time in April 1922. Apparently, 
Macleod suggested the change based on 
the Latin root for island, and also to dif-
ferentiate the “purified” extract from 
whole pancreas from the crude extract 
from “degenerated” pancreas.5 Curiously 
enough, J. de Meyer had used this term, 
insuline, already in 1909,7 and also, E.A. 
Sharpey-Schafer, in 1916.8 The Þ gure 4 
illustrates a particularly dramatic fall in 
blood sugar, observed following the ad-
ministration of chilled saline extract of 
“degenerated” pancreas on August 7, 
1921.9

On September 21, Professor Macleod 
returned from his summer vacation. A few 
weeks later he met Banting and Best, and, 
after being reported by them, insisted in 
the need of additional experiments. The 
results were not good enough for publica-
tion, and better results could be achieved 
if they were able to improve the method-
ology. After debating the experiments in a 
Journal Club meeting in the month of No-
vember, they initiated also longevity ex-
periments.5 

The Þ rst original article, describing the 
research activities performed up to No-
vember 10, 1921, was sent for publication 
with the title of “The internal secretion of 
the pancreas”. It was accepted by the 
Journal of Laboratory and Clinical Medi-
cine, and published in the issue of Febru-
ary 5, 1922 (Þ gure 5).10 The article con-
tained formal errors and meaningful 
mistakes as disagreements between the 
information supplied and Þ gures or lack 
of accuracy in comments regarding the 
achieved results. The text accounts for the 
administration of 75 doses of pancreatic 
extracts of “degenerated pancreas” to 10 
depancreatized dogs (Þ gures 6-8).

Since the extracts induced a reduction 
of the percentage of sugar in blood and of 
sugar excreted in the urine, they conside-
red justiÞ ed suggesting that this extract 

Figure 5. Banting FG, and Best CH. The internal secretion of the pancreas.
The Journal of Laboratory and Clinical Medicine 1922;VII(5):251-271

Figure 3. The preparation of the earlier extracts Figure 4. Feasby WR. The discovery of insulin. 
Journal of the History of Medicine and Allied 
Sciences 1958;13:68-84
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contained the internal secretion of the 
pancreas. A distinct improvement in the 
clinical condition of diabetic dogs was al-
so observed after the administration of ex-
tracts of degenerated pancreas. Neverthe-
less, the investigators stated that these 
results did not justify the therapeutic ad-

ministration of degenerated pancreas ex-
tracts to cases of diabetes mellitus in the 
clinic.

The researchers read a report from G.E. 
Laguese demonstrating that fetal pancreas 
were more plentiful of islet cells. Also, 
the ligation of the ducts required over a 

month to obtain a “degenerated gland”, 
and meant the need to sacriÞ ce the life of 
one animal to save the life of another one, 
impractical for clinical use.5 Banting and 
Best traveled to William Davies Compa-
ny’s slaughterhouse in northwest Toronto, 
and the owner allowed them to take what 
they needed. They cut up the pancreas, 
and left the tissue to stand in alcohol-acid 
solution, following the procedure ex-
plained by Macleod. The alcohol was 
evaporated by a warm air ß ow. The dry 
residue was dissolved in saline solution 
and then injected into a pancreatect-
omized dog (Þ gure 9). It was observed, on 
November 17, 1922, that an intravenous 
injection of the fetal pancreas extract in-
duced a marked reduction of the hyperg-
lycemia after 45 minutes. Two more in-
jections were administered that day, and 
at the following day. A reduction of 50% 
in blood sugar was achieved in one hour. 
The 24 hour urine collection was sugar 
free. It appeared that the pancreatic ex-
tract was working. They also demonstrat-

“The authors administered over 75 doses of extract from ‘degenerated’ 
pancreatic tissue to ten different diabetic animals. The dogs were depan-
creatized by the method of Hedon (Compt. Rend. de Soc. de Biol. 1909, 
LXVI, 621-624). The surgical description is extensively explained in the 
paper. Pancreatic ducts were ligated under general anesthesia. A ten-week 
interval was considered necessary for complete degeneration of the acinous 
tissue.

The preparation of the extracts follows this protocol: The pancreas was 
removed and sliced into a chilled mortar containing Ringer’s solution. The 
mortar was placed in freezing mixture and the contents partially frozen. The 
half frozen gland was then completely macerated. The solution was filtered 
through paper and the filtrate, and having been raised to body temperature, 
was injected intravenously. Blood sugar estimations were made by the 
Myers-Bailey modification of the Lewis-Benedict method. Average normal 
blood sugar from normal 30 dogs was 0.090%.

First results are shown in the charts of figure 6. On July 11, the pancreas 
of dog #410, with the exception of the processus uncinatus, was removed. 
The processus was allowed to remain until July 18. In the interval between 
operations there was no hyperglycemia or glycosuria. On July 27, the oral 
administration of 25 g of dextrose in 250 cc of water, induced the registered 
changes in BG, and urine excretion of glucose. On July 30, at 10 a.m. BG 
was 0.20. 5 ml of the extract of degenerated pancreas were injected (iv). At 
11 a.m. the BG had fallen to 0.12. At 12 a.m., 20 g of sugar in 200 cc of 
water were given by stomach tube. The animal excreted 0.21 g of glucose 
of a 20 g injection in a period of 5 hours following the injection of the ex-
tract, in contrast to an excretion of 15.88 g of a 25 g injection in the same 
interval, when no extract was administered. The dog died on July 31 (ca-
quexia).”

Figure 6. Banting FG, and Best CH. The internal secretion of the pancreas.
The Journal of Laboratory and Clinical Medicine 1922;VII(5):251-271 

Figure 7. Banting FG, and Best CH. The internal secretion of the pancreas.
The Journal of Laboratory and Clinical Medicine 1922;VII(5):251-271

Figure 8. Banting FG, 
and Best CH. The internal 
secretion of the 
pancreas.The Journal of 
Laboratory and Clinical 
Medicine 
1922;VII(5):251-271
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ed that tissue extracts from liver, spleen, 
thymus and thyroid, prepared with the 
same protocol that pancreatic extracts, 
were not effective. 

For Banting and Best, after many weeks 
of intense, laborious work with conß icting 
results, they were facing a new era.5 Addi-
tional improvements were introduced in 
the longevity experiments: a) the use of the 
Shaffer-Hartman method (recently learned 
by Collip), for the determination of blood 
glucose; b) ethanol in the preparation of 
the fetal calf extract; c) subcutaneous ad-
ministration; d) the advantage in sterility 
provided by the Berkefeld filter. Whole 
pancreas extracted with alcohol (as previ-

ously used by Zuelzer) showed satisfactory 
results. From now on, the researchers 
showed their preference for fresh whole 
pancreas. Banting and Best also initiated 
further steps towards puriÞ cation of the ex-
tract, using dialysis, and washing with 
toluol after the evaporation of ethanol to 
get an extract free of lipoid substances. 

Banting and Best investigated whether 
frequent injections with active and potent 
extracts were able to prolong the life of 
depancreatized animals. One special dog 
subjected to such investigation was Mar-
jorie, dog # 33 (Þ gure 10). The pancreas 
of Marjorie was removed on November 
18, 1921. The animal showed an excellent 

response to the administration of fetal calf 
pancreas (Þ gure 11).9

On December 12, 1921 James B Collip 
became a member of the team, invited by 
Macleod to help Banting and Best in the 
puriÞ cation of the pancreatic extract. He 
entered the group at the time when Ban-
ting and Best had already observed the ef-
fectiveness of alcoholic extracts of fresh 
whole adult pancreatic extracts. 

Collip used both normal and hypergly-
caemic rabbits11,12 and, also, whole beef 
pancreas. The experiments with normal 
rabbits allowed an excellent description of 
hypoglycemia and hypoglycemic shock 
(Þ gure 12). The table displays the registry 
of blood glucose (BG) before/after the ad-
ministration of insulin, the amount of ex-
tract given, time after injection, and symp-
toms developed, including the appearance 
of convulsions. It was commonly ob-
served that BG fell between approximate-
ly 25 and 50% within 2 hours after the in-
jection. For purposes of physiological 
assay of insulin, it was considered as most 
satisfactory to estimate the number of cu-
bic centimeters which lowered the per-
centage of BG in the rabbits to 0.045 in 
from 2 to 4 hours. The administration of 4 
g of dextrose in 20% solution was fol-

In the charts displayed by figure 8, the normal baseline BG of dog (#408) 
was 0.090%. 18 hours after pancreatectomy, raised to 0.27. Twenty hours 
after the operation, at 1 p.m. on August 4, BG was 0.26%. At 1 p.m. 5 cc 
of the extract (degenerated pancreas) was administered; at 2 p.m., BG was 
0.016, and 0.015 at 3 p.m. D/N ratio was 1.4. From 3 to 7 p.m., a gradual 
rise of BG from 0.15 to 0.25 was recorded; sugar excretion raise was as-
sociated. At 9 p.m., 5 cc of an extract that had been exposed to room 
temperature for one hour was iv injected. BG became reduced to 0.18. A 
gradual rise followed up to 10 p.m. (0.27). Then, 5 cc of a liver extract, 
exactly prepared as the pancreatic extract, was iv administered; one hour 
later, BG was 0.30, and this level was maintained during the following 
3 hours, and was unaffected by the administration of an extract of spleen. 
Several administrations of doses of degenerated pancreas extract resulted 
in pertinent fall of BG. At 12 noon August 6, 5 cc of boiled extract of dege-
nerated pancreas was iv injected, and caused no reduction of BG. 
Successive administrations of extracts of degenerated pancreas were follo-
wed again by reduction of BG, down to a normal level and the beginning of 
an upward trend 5 hours after the last injection of the extract. The animal 
died at 12 a.m. on August 7. Additional experiments not showed (charts 2a, 
4, 5, 6 from the same article) explored the effect of rectal administration 
(negative results), dilution effect (also negative), boiling (negative response), 
as well as the capacity of the extract to retain its biological potency for at 
least seven days.

Chart 2a, figure 7, illustrates a case of a new dog (#394), with a complete 
pancreatectomy performed on August 11.The animal received a pancreatic 
extract prepared from another dog whose pancreatic ducts had been liga-
ted for10 weeks. The first injection was given 6 hours after the operation 
and subsequently additional doses were given every 4 hours. From August 
13, the animal received other extracts (the original supply was exhausted). 
Neither 5, nor 8 cc every 4 hours were sufficient to counterbalance the 
upward trend of the BG. When administered 12 cc, a marked fall was noted. 
On August 14, after the administration of 30 cc of another degenerated 
gland, a reduction of BG below its normal level was recorded.

On August 15 at 10 a.m. the chart shows the effect produced by 10 cc 
of the same gland extract made 0.1% acid with HCl. At 8 p.m., the same 
gland extract, made 0.1% alkaline with NaOH, caused a slight reduction. On 
August 16 and 17 effects of extracts from normal glands were tested. On 
August 17 at 4 p.m. the neutral whole gland extract was administered; a 
marked fall in BG was observed. The acid and alkali extracts were injected 
at 12 p.m. August 17 and 7 a.m. August 18. The conclusion from this ex-
periment was that freshly prepared neutral or acid extracts of the whole 
pancreas do have a reducing effect on BG. The whole gland extract appears 
to be much weaker than the “degenerated” gland.

Figure 9. Banting FG, 
Best CH, Collip JB, and 
Macleod JJR. Preliminary 
studies on the 
physiological effects of 
insulin. III. The 
preparation of pancreatic 
extracts containing 
insulin. Proc. Trans. Roy. 
Coc. Canada 1922, 16, 
sect V, 27-29
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lowed by the recovery of the animals; in-
jections of saline in equal quantities had 
no effect. This investigation was a key for 
both concepts the physiological assay and 
the unit for dosing the pharmacological 
preparations of the antidiabetic hor-
mone.13,14 The Þ nal conclusions of this in-
vestigation are depicted in Þ gure 13.

The team also investigated the effect of 
pancreatic extract on the various experi-

mental conditions known to cause marked 
hyperglycemia in rabbits (piqure –puntur-
ing the occipital tubercle–, epinephrine, 
carbon monoxide poisoning, ether). Insu-
lin, in suitable doses inhibited the devel-
opment of hyperglycemia subjected to 
these different conditions.12 

Collip worked in his own laboratory, 
making his pancreatic extract, introducing 
methodological changes. Instead of evap-
orating the liquid phase of the alcoholic 
solution, decided to use a vacuum still fol-

lowed by Þ ltration obtaining a concentrat-
ed solid residue. In this way, the potency 
of the preparation markedly increased. 
Furthermore, Collip tested the effect of 
the extract on ketonuria and glycogen for-
mation in the liver. In fact, Collip was the 
Þ rst investigator able to demonstrate in 
the University of Toronto the effective-
ness of the extract on the ketotic state.13 

He also measured the amount of glycogen 
stored at the liver in normal and diabetic 
animals. In a particular experiment, the 

Figure 10. F. Banting, C. Best and the dog 
Marjorie (1921)

Figure 11. Feasby WR. The discovery of insulin. 
Journal of the History of Medicine and Allied 
Sciences 1958;13:68-84

Figure 12. Banting FG, 
Best CH, Collip JB, 
Macleod JJR, and EC 
Noble. The effect of 
pancreatic extract 
(insulin) on normal 
rabbits. American Journal 
of Physiology 
1922;62:162-176

Figure 13. Banting FG, 
Best CH, Collip JB, 
Macleod JJR, and EC 
Noble. The effect of 
pancreatic extract 
(insulin) on normal 
rabbits. American Journal 
of Physiology 
1922;62:162-176
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liver of a diabetic dog, treated with pan-
creatic extract, depicted more than 25% 
glycogen, demonstrating the effectiveness 
of the internal secretion of the pancreas 
on glycogen synthesis.5

JJR Macleod developed a large group 
of experiments with the aim to achieve 
potent insulin preparations from Þ sh pan-
creas. He initially gave recognition to the 
previous reports of Rennie who discov-
ered that islet tissue in the bony Þ shes 
(Teleostei) is collected into nodules which 
are often encapsulated and are, thereby, 
separated from the zymogenous tissue. 
Rennie and Fraser failed to demonstrate 
the presence of insulin because they ad-
ministered the islets by mouth; insulin is 
readily destroyed by digestive enzymes.15

The general protocol was to observe 
from time to time the amount of blood sug-
ar in normal rabbits injected with extracts 
prepared from: 1) the pancreas of repre-
sentative Elasmobranchs (Squalus –dog 
Þ sh–, and Raja –skate–); 2) the principal 
islets of representative Teleosti (Myoxyc-
ephalus –sculpie–, and Lophius piscatorius 
–angler Þ sh–; c) the zymogenous (acinar) 
pancreatic tissue, as free as possible from 
islets, in the same and other Teleostei.16 
These investigations showed, quite clearly, 
that insulin is present only in pancreatic is-
lets and not in the exocrine pancreas.

On December 30, 1921, Macleod, Ban-
ting, and Best, presented a scientiÞ c com-
munication, entitled “The beneÞ cial in-
ß uence of certain pancreatic extracts on 
pancreatic diabetes”, at the American 
Physiological Society Conference at Yale 
University in New Haven. Macleod was 
the Chairperson of the meeting, being 
Banting the speaker. Among many other 
experts, Allen, Joslin, Kleiner, Scott, Carl-
sson and Clowes, were present.5 The con-
ference of Banting was ß at. He was una-
ble to properly answer many pertinent 
questions. Macleod felt obliged to make 
frequent interventions, explaining that 
additional reports were in progress. Ne-
vertheless, George Clowes, the Eli Lilly 
Research Director, told Macleod that he 
was impressed about the importance of 
the investigation and offered the collabo-
ration of the Company in the industrial 
preparation of the extract. Professor Ma-

cleod answered that the stage of the pro-
cess required more time to be ready for 
commercial exploitation.5

Although Collip was in charge of pu-
rifying and preparing the extract for 
clinical use, Banting was eager in being 
the Þ rst to try the administration to pa-
tients. Therefore, he urged Macleod to 
use for this purpose the extract being 
used by Best and himself to treat dog 33, 
Marjorie. This dog had survived 70 days 
after pancreatectomy.17 On January 27, 
the animal was killed by an overdose of 
chloroform. The autopsy, made by the 
pathologists Dr. W.L. Robinson at the 
General Hospital, Toronto, found the 
following: 

The area formerly occupied by the pan-
creas showed no gross evidence of pan-
creatic tissue. There were a number of 
Þ rm Þ brous adhesions about the duode-
num. These were sectioned, and on micro-
scopic examination showed no evidence 
of pancreatic tissue remaining in them. 
The duodenum was then examined and 
nothing abnormal found except for a 

small nodule about 3 mm in diameter, sit-
uated in the wall at the mesenteric attach-
ment and 10 cm, below the pylorus. This 
on microscopic examination was found to 
consist of what is apparent a nodule of 
pancreatic tissue, lying in the submucosa. 
Serial microscopic sections of this, how-
ever, failed to show the presence of any is-
lands of Langerhans. No other microscop-
ic evidences of pancreatic tissue could be 
found. 

Duncan Graham, the Eaton Professor of 
Medicine, Toronto University, denied the 
request of Banting to try the administra-
tion of the extract to a diabetic subject, 
considering that a surgeon, not currently 
on clinical practice, was not qualiÞ ed for 
human experimentation. ■
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