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ABSTRACT
Background: Frederick Banting approached Toronto physiology professor JJR Macleod with a way 
to prevent pancreatic trypsin from destroying the pancreas’ internal secretion. Banting proposed to 
induce exocrine atrophy by ligating canine pancreatic ducts and to use extracts of islet-rich residua 
to treat pancreatectomized dogs. His next plan was to make extracts from fetal pancreas, which he 
had read was islet-rich and lacked exocrine tissue capable of making trypsin; this work has not been 
historically evaluated. Methods: Banting’s fetal calf pancreas story is told using primary and 
secondary historical sources and then critically examined using both historical and recent data 
on species phylogeny, islet ontogeny, fetal/neonatal islet culture/transplantation, etc. Results/ 
Discussion: Only ruminants develop dual islets populations sequentially; fetal calf pancreata, at 
the gestational ages Banting used, possess numerous insulin-rich giant peri-lobular islets, which 
credibly explain the potency of his fetal calf insulin extract. Use of non-ruminant fetal pancreata 
would have failed.
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Background

While it is difficult to pick an exact date, the 
centenary of the discovery of insulin in 
Toronto is nigh upon us. Some readers may 
consider this to be the summer of 1921, when 
Frederick Grant Banting (1891–1941) and 
Charles Herbert Best (1899–1978) injected 
depancreatized diabetic dogs with extracts 
made from duct-ligated dog pancreata. Others 
recognize that Georg L. Zuelzer (1870–1949) of 
Berlin, Ernest Lyman Scott (1877–1966) at 
University of Chicago, Israel S. Kleiner (1885– 
1966) at the Rockefeller Institute in New York 
City, and Nicolas C. Paulesco (1869–1931) of 
Bucharest published similar promising results 
in animals, and, therefore, consider Toronto’s 
primacy in the discovery to have been unequi-
vocally sealed by the injection of a purified 
extract produced by James Bertram Collip 
(1892–1965) into a adolescent boy in diabetic 
ketoacidosis on January 23, 1922; Collip’s 
extract normalized Leonard Thompson’s blood 
glucose levels, revived his consciousness, and 
his ketonuria disappeared; all of this was 

accomplished without toxic side effects. No 
other investigators could claim definitive clini-
cal results. While there are many old sources 
on the history of insulin, Michael Bliss (1941– 
2017) is widely recognized for providing the 
definitive scholarly history of insulin,1,2 and 
I have used his chronology.

Most histories of the discovery of insulin 
start with Banting’s “great idea.” While the 
general story is well-known, it will be briefly 
summarized. After returning from service in 
World War I, Banting, a young Canadian sur-
geon, started an unsuccessful private practice in 
London, Ontario and was supplementing his 
income by providing medical school lectures. 
While preparing a lecture on diabetes, he read 
a paper by Moses Baron (1884–1978) on the 
evening of Sunday October 31, 1920 which 
tweaked an idea of how to prove the existence 
of the elusive internal secretion of the pancreas. 
Colleagues suggested Banting approach 
University of Toronto (UofT) physiology pro-
fessor John James Rickard Macleod (1876– 
1935) and present his nascent great idea, 
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which involved ligating pancreatic ducts in 
dogs to induce pancreatic atrophy, and then 
transplanting the residual islet–rich tissue into 
depancreatized diabetic dogs. After some initial 
discouragement, Macleod agreed to supervise 
the research and offered Banting access to 
laboratory space, a dozen dogs, and two student 
assistants. It is not entirely clear how the deci-
sion was made to produce an extract of degen-
erated pancreas rather than transplant it; this is 
discussed in detail elsewhere.3 The two summer 
students, Best and E. Clark Noble (1900– 
1978),4 flipped a coin to determine who would 
work with Banting first. One month later, 
Macleod went on vacation to Scotland. 
Banting and Best worked in the heat of the 
summer, with much failure but scattered suc-
cess. While Macleod offered occasional helpful 
advice through correspondence, Banting 
became increasingly bitter about his working 
conditions and other simultaneous disappoint-
ing aspects of his life. Because it had taken 
considerable time for Best to become 
a competent surgical assistant, it was agreed 
that, for the good of the project, Noble would 
not replace him and that Best would continue 
working with Banting.1,2,4 When Macleod 
returned at the end of the summer, he raised 
some legitimate issues needing to be addressed 
but found the results sufficiently promising to 
continue and worthy of additional resources. At 
Banting’s request, Macleod asked Collip, an 
University of Alberta biochemistry professor 
on sabbatical in Toronto, to join the insulin 
team, which occurred on December 12, 1921. 
Using intact adult bovine pancreata, Collip 
quickly made more potent extracts; one of 
these was used at Toronto General Hospital to 
successfully treat Leonard Thompson (1908– 
1935) on January 23, 1922. The initial supply 
of insulin was erratic, and the already strained 
dynamics within the Toronto insulin team 
further deteriorated as Banting believed 
Macleod and Collip were trying to steal credit 
that rightfully belonged to him and Best. 
Banting was further incensed when he and 
Macleod were co-recipients of the 1923 Nobel 
Prize in Physiology and Medicine, as Banting 
did not believe that Macleod had made 

important contributions to the discovery. 
Banting shared his half of the award money 
with Best, and Macleod shared his half with 
Collip.1,2 While multiple pre-1980 histories of 
insulin have minimized Macleod’s role (and 
some have even presented him as lacking aca-
demic integrity), Bliss’ books and his other 
writings have firmly established Macleod’s con-
tributions as worthy of his Nobel Laureate sta-
tus. Sadly, the discovery of insulin was a source 
of great interpersonal conflict and brought little 
happiness to its discoverers.5

The Great Idea Was a Bad Idea

Banting’s great idea was wrong, but Banting’s 
unwavering belief in it powered Banting and Best 
through the hot and miserable summer of 1921. 
Months were spent ligating pancreatic ducts in 
dogs and then waiting for the pancreas to degen-
erate. Sometimes atrophy occurred and sometimes 
it did not. According to Bliss, Banting “never 
realized that he and Best made a serious error on 
August 17 when they did not recognize that an 
extract they had made from fresh whole pancreas 
was just as effective . . . as extract of duct-ligated 
pancreas. Had they reflected on this result (it 
threw the fundamental hypothesis about duct- 
ligation and atrophication into question) Banting 
and Best might have speeded up the work by 
months.”3p20 While the results they generated dur-
ing the summer of 1921 supported the existence of 
an internal secretion, their results were no more 
definitive than some of their predecessors.1,2

Banting and Best began writing their initial 
paper describing the treatment of depancreatized 
dogs with extracts from duct-ligated, degenerated 
dog pancreata in the late autumn of 1921 and it was 
published in February 1922 in the Journal of 
Laboratory and Clinical Medicine.6 Macleod’s pre-
sence on the journal’s editorial board was undoubt-
edly responsible for its rapid publication. It was 
immediately clear to some readers that Banting’s 
great idea did not make physiological sense. 
Ffrangcon Roberts, a Cambridge physician who 
had published a textbook of physiology in 1920, 
published a scathing review in the December 16, 
1922, issue of the British Medical Journal.7 Bliss 
succinctly summarized Roberts’ analysis:
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The work began there with Banting’s hypothesis that it 
was necessary to protect the internal secretion of the 
pancreas from the powerful external secretion, the pro-
teolytic enzyme trypsin, by ligating the pancreatic ducts 
to cause the trypsin-producing cells to atrophy. Roberts 
declared that the hypothesis was simply false. “Now it is 
one of the best established facts in physiology,” he 
[Roberts] wrote, “that the proteolytic enzyme exists in 
the pancreas in an inactive form – trypsinogen – which 
is activated normally on contact with another ferment, 
enterokinase, secreted by the small intestine.” Roberts 
allowed that trypsinogen is also activated when 
a pancreas is cut out and begins to deteriorate, but this 
happens only slowly and can easily be prevented by 
chilling. Given these facts, there was no physiological 
basis at all for Banting and Best’s duct ligation experi-
ment. They had undertaken a cumbersome, time- 
consuming process to forestall enzyme action which 
would never have taken place . . . Roberts examined 
Banting and Best’s experiments carefully and critically. 
In passing, he pointed out some factual disparities 
between the charts and text . . . [using their own pub-
lished data, Roberts built a case that] Banting and Bests’ 
own evidence showed the incorrectness of their working 
hypothesis.1p203-204

Current historians of insulin generally agree that 
Banting’s great idea (i.e., duct ligation) played no 
essential part in the discovery of insulin – other 
than that Banting and Best’s findings during the 
summer of 1922 convinced Macleod to focus his 
laboratory on the purification, characterization, 
and clinical application of insulin. Joseph H. Pratt 
(1872–1956) built a compelling and often cited 
argument for this almost 70 y ago.8 Much specula-
tion has focussed on how Macleod, a world- 
renowned physiologist who wrote medical student 
textbooks that specifically mentioned trypsinogen’s 
inactivity, missed this. Because of this oversight, 
which was obvious to some scientists but not the 
lay public celebrating Banting’s great idea, British 
MRC Director Sir Henry H. Dale (1875–1968) once 
quipped “insulin could only have been discovered 
in a lab whose director was slightly stupid.1p278, 

FN38” Regardless, although Banting and Best had 
generated some promising results, duct ligation 
was a slow, tedious, and prohibitively expensive 
means of generating pancreatic extract.6 Banting’s 
next idea came straight out of a physiology labora-
tory demonstration he had attended when he was 
a medical student at UofT.

From mid-August to mid-September, Banting and 
Best's supply of duct-ligated donor dogs was almost 

depleted. Banting describes what happened next in his 
Cameron Prize Lecture (30 October 1928):

By the administration of extract from five degenerated 
pancreases the [depancreatized] dog was maintained in 
good condition for eight days. At the end of this time we 
had used up all the available supply of what we then 
called “isletin.” The severe symptoms of diabetes 
became evident. About three o’clock in the morning, 
while watching the development of terminal symptoms, 
it occurred to me that it might be possible to get rid of 
the toxic materials associated with the products of the 
acinous cell in another manner . . . It was hoped that the 
classroom experiment of injecting secretin to stimulate 
the production of pancreatic juice could be continued 
long enough to exhaust the acinous cells. . . . [One 
extract from a secretin-stimulated pancreas worked 
but they could not repeat these results and the dog 
died 20 days after pancreatectomy]. [Banting con-
cluded:] The exhausted gland extracts were not practi-
cal, but they served as contributory evidence in favour 
of the main theory of obtaining extracts of the island 
cells free from the products of the acinous cells.9p5-6

Bliss’ summary of these studies was simply that this 
“short-cut had not worked at all satisfactorily.”1p91

Banting’s Second Great Idea

Macleod returned to Toronto on September 21, 
1921, and he reviewed Banting and Best’s work. 
He had them complete a long overdue review of 
the literature. On November 14, Banting pre-
sented his and Best’s work at a departmental jour-
nal club, where a young UofT physiologist 
suggested a longevity study to determine how 
long pancreatic extracts could keep 
a depancreatized dog alive. Macleod and Banting 
agreed this was worthwhile, but there was still an 
acute shortage of duct-ligated dogs. In fact, there 
was only one available, and generating more 
would involve many delicate operations on many 
dogs as well as a hiatus of 4–7 weeks while the 
pancreata degenerated in vivo. Therefore, the 
longevity study could not proceed. In a moment 
of desperation, Banting came up with the idea of 
using fetal calf pancreas as a source of isletin.1,2 In 
his Cameron Lecture, he describes this eureka 
moment (2 AM on November 16), which here-
after will be called his “second great idea.” 
According to Banting:
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It was then inevitable that a more practical means of 
obtaining extract must be found if progress was to be 
made. [Edouard] Laguesse had found that there were 
relatively more islet cells in the pancreas of a new-born 
than in the adult pancreas. The first idea was to extract 
the pancreas of new-born animals. It seemed reasonable 
to conclude that the pancreas of a partly developed 
foetus might contain even more abundant islet cells. It 
was finally conjectured that if one could obtain the 
pancreas of a foetus at the end of the first third of 
pregnancy that the internal secretion of the islet cells 
would be present since other internal secretions (e.g. 
epinephrine) are present at this stage of development. 
At the same time, it seemed reasonable to conclude that 
since digestion is not called into play till after the birth 
of the animal that there would not be powerful 

digestives present in the foetus. Having been born and 
raised on the farm, and being familiar with stock- 
breeding, I knew that cattle are frequently bred before 
fattening in order to make better feeders. There would 
therefore be plenty of foetal calves available at the abat-
toirs. The next morning at nine o’clock, having obtained 
sterile instruments and containers, Mr. Best and 
I proceeded to the abattoir where we obtained the pan-
creases of nine foetal calves varying from three to four 
months’ gestation [NB, Gestation period for cows range 
is 279-287 days; mean is 283 days (9.1 mo). Normal for 
humans is 280 days].

An extract was made in the usual way and carefully 
administered intravenously to a depancreatised dog 
on 19th November 1921. Following the injection the 

Figure 1. Charles Best (left) and Frederick Banting (right) posing on the roof of the Medical Building with a dog. Sources disagree with 
regards to the date and whether this is the longevity dog treated with extract derived from fetal calf pancreata.
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blood sugar fell from 0.33 to .017 in one hour. This 
result was confirmed by subsequent injections. We 
were thus able to maintain an adequate supply of 
the active principle of the islands of Langerhans 
with no expense to the laboratory, and in quantities 
which provided for repeated trials and various 
extractions. It was found that the active principle 
could be extracted from the foetal gland with acet-
one and alcohol, and that it was not destroyed by 
chloroform or ether.9p6-7

Banting and Best published these results and then 
moved on to extracting adult bovine pancreata. 
Their second paper was published in the May 1922 
issue of the Journal of Laboratory and Clinical 
Medicine.10 The paper concluded: “By intravenous 
and subcutaneous injections of neutral saline 
extracts prepared from the pancreas of bovine fetus 
at about the fifth month, the percentage of blood 
sugar and the daily urinary excretion of sugar are 
markedly reduced in depancreated dogs. Daily injec-
tions of extract of pancreas enabled a depancreatized 
dog to live for seventy days . . . .The depressor action 
of the extract is short-lived.”10p472

Other Historical Sources on the Second Great 
Idea

All historical coverage on the discovery of insulin 
herald the use of fetal bovine pancreas to keep 
a longevity dog (Figure 1) alive as an important 
breakthrough.1–3,9,11–16 Even books for children of 
various ages (and print sizes) on the discovery of 
insulin include this story.17–19 Strangely, while the 
facts related to the discovery of insulin have 
remained disputed and controversial for 
a century, the fetal calf pancreas story has always 
been taken at face value and has never been criti-
cally evaluated; in most sources, it is covered in 
a few short paragraphs, and then the story quickly 
moves on.

A few additional details are found in some 
sources. Bliss’ The Discovery of Insulin notes that, 
minutes before his eureka moment, “Banting first 
thought of obtaining foetal pancreases by produ-
cing abortion in dogs.”1p92 Bliss, who was 
a corporate and business historian before focusing 
on medical history, even identified the abattoir – 
“William Davies Company in northwest Toronto”1p92 

and was personally aware of its history.20 It is, 

perhaps, ironic that fetal calves were utilized in 
Hogtown, Toronto’s nickname after the early 1900s. 
In the early 20th century, the William Davies 
Company, the largest pork-packing operation in the 
British Empire, was slaughtering half a million hogs 
a year and exporting most of the product to Britain.20 

As will be demonstrated below, had Banting used fetal 
piglets, his second great idea would also have failed. 
Fortunately, Banting was already focused on cattle, as 
six weeks earlier (October 4), Banting and Best had 
visited Connaught farm (the location of UofT’s 
Connaught Anti-Toxin Laboratories) and tried to 
ligate the pancreatic ducts of a calf, but it died from 
the anesthetic.1p85 Hidden in a footnote, Bliss also 
reports that “Connaught gave them three calves for 
exhausted gland [secretin] experiments,” but that 
“there are no [further] records of these.”1p259,FN5 

Bliss’ sequel, Banting: A Biography, covers the entire 
fetal calf topic in two short paragraphs and does not 
provide any additional details.2

Medical historian Lloyd G. Stevenson (1918– 
1988), who authored the definitive Banting biogra-
phy prior to Bliss, notes that Banting said that fetal 
bovine extract was only used on depancreatized 
dogs but was “the most potent thing tried.”11p104 

In this book, which describes these events by simply 
quoting Banting’s Cameron Lecture, Stevenson 
appends a footnote: “Banting speaks here as if this 
had all been a matter of conjecture except for the 
discovery made by Laguesse of the relatively more 
abundant islet cells in the pancreas of a new-born 
animal. It had been demonstrated by Ibrahim, how-
ever, that the pancreas . . . up to the fourth month of 
intrauterine life contains no active proteolytic 
enzyme (i.e., digestive ferment) while the experi-
ments of Carlson and Drennan seemed to indicate 
the presence of a substance producing 
hypoglycemia.”11p90

Banting and Best freely acknowledged that the 
studies of Ibrahim21 and Carlson and Drennan22 

influenced them.10 As for Ibrahim’s study, the 
importance to Banting of not having to deal with 
trypsin in fetuses up to 4 months gestation is 
obvious. Carlson and Drennan had found that 
pregnant dogs undergoing pancreatectomies near 
term did not become diabetic and speculated: “the 
internal secretion of the fetal pancreas passes 
through the uterine membranes in sufficient quan-
tity to prevent diabetes in the mother”22p393 
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However, it should be noted that this conclusion 
was highly tenuous as it was based on a small num-
ber of dogs and, since it had been performed in 
1910 before blood glucose measurements were 
practical,23 only a few urine sugar measurements 
over 2–3 d. Banting and Best wrote: “The most 
natural interpretation of Carlson’s result is that 
the pancreas of the fetus furnishes to the mother 
an internal secretion which is necessary for the 
metabolism of sugar.”10p464 However, they cau-
tiously noted that another investigator had been 
unable to replicate Carlson’s study.10

While Banting credits Laguesse in his 
Cameron Lecture, Banting and Best make no 

specific mention of him in their fetal calf pan-
creatic extract paper.10 Which Laguesse paper 
or papers did Best, whose French translations 
skills were poor but better than Banting’s, read 
(NB, Best famously mistranslated Paulesco’s 
paper that predated theirs and reported that 
his pancreatic extracts did not work6)? 
Laguesse had been highly prolific and had pub-
lished on fetal human and ovine pancreatic 
histology in the 1890s (see below). Therefore, 
there was no need for Banting to speculate that 
“a partially developed foetus might contain 
even more abundant islet cells” than 
a newborn, as Laguesse had already shown this.

Figure 2. Gustave Edouard Laguesse (1861–1927). https://en.wikipedia.org/wiki/%C3%89douard_Laguesse#/media/File:Professeur_ 
Laguesse_CIPH0239.jpg.
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Nevertheless, while primary historical source 
material is limited, all sources agree that 
the second great idea was important. Famously, 
Macleod and Banting rarely agreed about anything, 
but Macleod, in his “History of the Researches 
Leading to the Discovery of Insulin,” considered 
this work an important step toward the discovery 
and fully credits Banting for this idea.14 Banting, on 
the other hand, never acknowledged the brilliance 
of Macleod’s idea to use teleost fish islet organs 
(NB, certain bony fish have anatomical separation 
of their endocrine and exocrine pancreata) as 
a source of insulin and as definitive proof that the 
islets were the source of insulin; while fetal calf 
islets were never used as a clinical source of insulin, 
insulin produced from Atlantic cod was used clini-
cally at Toronto General Hospital (see below).24

Unfortunately, William R. Feasby’s account adds 
confusion by crediting Best for leading this work;15 

no other source corroborates this version of the 
story. Feasby (1912–1970), the medical historian 
for the Canadian Army, started collecting informa-
tion about the discovery of insulin for a book and 
a movie late in life. By that time, Banting was dead 
and so he interviewed Best extensively. Bliss was 
highly critical of Feasby’s historical research on the 
discovery of insulin and convincingly demon-
strated that it was full of errors in his carefully 
researched but scathing paper “Rewriting medical 
history: Charles Best and the Banting and Best 
myth.”25 Feasby’s version is erroneous.

Reality Check: Does the Fetal Calf Pancreas 
Make Biological Sense Today?

As discussed above, Banting’s great idea played no 
essential role in the discovery of insulin. His second 
great idea appears to have been crucially important, 
but could it be wrong too? Banting described his 
fetal calf pancreas work as the transformative step 
in his and Best’s insulin research. But is the idea 
even biologically plausible – is it compatible with 
what we know today? Because of my 20 y interest in 
the history of insulin4,5,23,24,26 and my 30+ y career 
as a pediatric-perinatal pathologist clinician- 
scientist running an islet xenotransplantation 
laboratory,27–32 I decided to use the approaching 
100th anniversary of the discovery of insulin as an 
excuse to address this perplexing, unanswered 

historical-biological question. In reading primary 
and secondary historical sources on 
Banting’s second great idea, it appears to have 
been based upon his and Best’s readings about 
both human and livestock fetal pancreata.

As a pediatric-perinatal pathologist who has 
performed over a thousand human fetal autop-
sies, it never made biological sense to me that 
fetal pancreas, while admittedly loaded with 
islets, contains much insulin. The term human 
fetal pancreas measures <5 cms in length, 
weighs ~ 4 grams, and contains about 6.1% to 
12.9% immature islet tissue by volume (NB, the 
adult human pancreas measures 15–25 cm in 
length, weighs 100 gm, and is comprised of 1– 
2% mature islet tissue). Histochemical and 
immunohistochemical staining for insulin 
shows beta cells comprise only 40% of fetal 
islets; therefore, there is simply not much insu-
lin in fetal pancreas.33,34 While current day 
ethical norms preclude the consideration of 
fetal human pancreas for islet transplantation, 
this was not always the case everywhere; older 
Australian and Swedish studies culturing 
human fetal pancreatic tissue consistently 
noted the low content of insulin-producing 
cells and focused on finding ways to facilitate 
beta cell differentiation in vitro; it required 2– 
6 months after xenotransplantation into dia-
betic nude or scid mice for the beta cell mass 
to expand to the point of maintaining normo-
glycemia in a mouse.35–40 While there is evi-
dence that part of the initial poor function may 
be due to the lack of glucose-responsiveness in 
fetal beta cells,41 clearly fetal human islet data 
do not support great idea #2.

As an experimental islet xenotransplantation 
scientist, making highly potent extracts from fetal 
livestock pancreata also seemed implausible. The 
most popular large animal donor for islet xeno-
transplantation is the pig; since adult pig islets are 
difficult to isolate, both fetal and neonatal pig islets 
have been extensively studied as substitutes. Both 
are normally harvested by retrieving islet-rich fetal 
or neonatal pancreata and then chopping them into 
fragments for culture and transplantation. 
However, the literature is clear both are poorly 
differentiated and must grow and differentiate in 
tissue culture and after transplantation before they 
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produce sufficient insulin to maintain normoglyce-
mia in diabetic nude mice; in most studies this has 
required several months.42–44 A Swedish study 
transplanting neonatal porcine islet clusters into 
diabetic patients also confirmed the absence of sig-
nificant immediate function.45,46 If fetal or neonatal 
pig islets contain so little insulin, it is biologically 
implausible that potent extracts could be made 
from these structures. Could species differences 
between fetal pig and fetal cow islets explain this 
seeming discrepancy?

While adult cows were initially considered as 
donors for islet xenotransplantation,47,48 this 
donor source was never aggressively pursued, likely 
because of concerns as to whether ruminant islets 
would function appropriately after transplantation 
into diabetic patients. I am unaware of any studies 
transplanting fetal or neonatal calf pancreata. There 
is one 30 y old Russian study on culturing fetal calf 
islets.49

In summary, using fetal islets as a source for 
insulin extraction intuitively seemed implausible 
but merited further historical/biological investiga-
tion. Laguesse had studied fetal ovine pancreas50 

and Banting and Best used fetal bovine pancreas for 
their extractions. Could herbivore (sheep and cat-
tle) fetal pancreata be fundamentally different than 
omnivore (human and porcine) fetal pancreata? 
What literature existed a hundred years ago and 
what exists now?

Laguesse and His Pancreatic Islet Research Opus

All versions of Banting’s second great idea 
begin with Laguesse (Figure 2). Unfortunately, 
there is little biographical literature on Gustave 
Edouard Laguesse (1861–1927).51,52 He was 
born and raised in Dijon, France. His father, 
a physician who did not practice medicine, was 
professor of botany at the Medical and 
Pharmaceutical School of Dijon and director 
of the botanical gardens. Edouard graduated in 
Paris as doctor of medicine in 1885 and doctor 
of science in 1890. Next he moved to Lille, 
where his earliest histological studies focused 
on the pancreatic islet organs in bony fish.24 

He soon completed comprehensive histological 
studies on human and sheep pancreata.53–55 

From 1896 to 1927, he was professor and head 

of the laboratory of histological research at 
Lille. Laguesse and Edouard Hédon (1863– 
1933), a physiologist at Montpellier who com-
pleted important two-stage pancreatectomy stu-
dies in dogs (NB, Macleod taught Banting the 
Hédon pancreatectomy method prior to depart-
ing for Scotland) contemporaneously with 
Laguesse’s histological studies in the 1890s, 
were awarded the Prix Albert I de Monico by 
the Academy of Medicine in Paris for their 
roles in the discovery of the internal secretion 
of the pancreas. Laguesse, who became increas-
ingly interested in the high degree of vascular-
ity of islets, developed the concept of secretion 
of a product into the “milieu intérieur” and also 
coined the term “endocrine secretion.” Laguesse 
was first to suggest that islets were endocrine 
structures.52

Victor Medvie (1905–2000), in his massive 
A History of Endocrinology, relates the following 
pertinent information about Laguesse and Paul 
Langerhans (1847–1888). In 1893, Laguesse, 
while studying ovine pancreatic histology, was 
somehow aware that Langerhans’ medical stu-
dent dissertation from 1869 had previously 
described islands of pale-staining cells in the 
rabbit pancreas and charitably suggested the 
eponym islets of Langerhans. While Langerhans 
had not suggested any function for them (and 
had concluded in his dissertation that he had 
found nothing new and hoped his examiners 
would look tolerantly on his efforts), Laguesse 
was first to suspect they were endocrine in 
nature.56 Langerhans had described these as 
“Zellhaüchen” (little heaps of cells), which 
Laguesse translated as islands. Additional details 
about early islet histology and histopathology 
critical to the discovery of insulin have been 
reviewed in detail elsewhere.23

Following in Laguesse’s Footsteps

In 1896, Laguesse published important works 
on the histology of the fetal ovine pancreas 
and noted that fetal islets were increased in 
size and numbers and that a population of 
large islets developed first.50,55 In 1931, Max 
Aron (1892–1974) of Strasbourg, using fetal 
calf pancreas, described two distinct 
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populations of islets, large and small, develop-
ing at different gestational ages. The primary 
generation (which he called ílots de Laguesse) 
could not be identified after birth, whereas the 
secondary generation (which he called ílots de 
Langerhans) functioned after birth.57 As noted 
by Susan Bonner-Weir and Arthur A. Like 
(1929–2013), who published a seminal study 
almost 50 y later, Aron’s observations were 
not believed because subsequent investigators 
using different species could not confirm the 
presence of dual islet populations. Bonner- 
Weir and Like studied bovine pancreata from 
early fetus (2 month gestation) to adult using 
histology, histocytochemistry, immunohiso-
chemistry, morphometic analysis, and electron 
microscopy; they confirmed the presence of two 
distinct types of islets.58 Large islets, measuring 
up to 6 mm in diameter, were generally 
enmeshed in interlobular connective tissue and 
almost exclusively comprised of beta cells. 
While beta cells were poorly granulated at 2 
months gestation, maximal granulation was 
achieved by three and a half months gestation 
and remained well-granulated at term (9 months 
gestation). On the other hand, small islets 
(<200um in diameter) were found scattered 
within acinar tissue and resembled other mam-
malian islets. They conclude that “the promi-
nence and growth of the large islets during fetal 
life and their apparent subsequent cessation of 
growth after birth, suggest that the large islets 
are physiologically important in the fetus and 
neonate but may be a developmental vestige in 
the functional adult ruminant.”58p169 Other stu-
dies on fetal bovid pancreata or fetal ovine 
pancreata have reported similar large “perilob-
ular giant islets.”59–61 While studies reported 
subtle differences, all confirm the existence of 
giant beta cell-rich perilobular islets in Banting 
and Best’s mid-trimester timeframe, and it 
appears that this population must be responsi-
ble for their highly potent fetal calf pancreas 
extracts. Merkwitz et al. reported that perilob-
ular giant islets are absent in the pancreata of 
adult cattle, but that intralobular small islets are 
abundant.59 Therefore, we can surmise that the 

insulin Collip purified from adult cattle pan-
creata in January 1922, as well as the insulin 
that was mass-produced by pharmaceutical 
companies such as Eli Lilly for many decades 
afterward, was derived from intralobular small 
islets. As noted by Bonner-Weir and Like when 
discussing dual populations of islets, “cattle and 
sheep share two common characteristics: both 
are fructogenic as fetuses and ruminant as 
adults . . . pigs [which are not ruminants] do 
not have dual population of islets.”58p169 

Unfortunately, a recent paper by Carlsson 
et al. directly comparing immunohistochemical 
staining for islet peptides and transcription fac-
tors in developing bovine and porcine islets was 
performed primarily in embryos rather than 
fetuses and so is noncontributory.62 

Considering the animosity that existed within 
the team, it seems strangely appropriate that 
Banting, who physically attacked Collip during 
a heated laboratory confrontation in 
January 1922, and Collip, while using the 
same species, used two different islet popula-
tions to make their most potent insulin 
extracts. Collip, who was fortuitously on sabba-
tical in Toronto at the time of the discovery, 
was already a skilled biochemist.63

Biochemical studies also support the credibility 
of Banting’s second great idea. In 1934, Albert 
Madden Fisher and David Aylmer Scott (1892– 
1971) of the UofT Connaught Laboratories, using 
an ingenious hypoglycemic convulsion-based 
“mouse method of assay” (i.e., before the advent 
of radioimmunoassay), observed 18-fold higher 
insulin concentrations in fetal (under 5 months 
gestation) calf pancreas in international units per 
gram pancreas than in adult (9 y or older) bovine 
pancreas; when they tested fetal calf pancreata of 5– 
7 months gestation, the concentration was still 13- 
fold higher.64 It should be noted that these two 
distinguished chemists, along with Hans Christian 
Hagedorn (1888–1971) of Nordisk Laboratories in 
Denmark, later developed the longer-acting prota-
mine-zinc insulin.65 Twenty-five years later, Willes 
et al., who measured insulin concentrations in acid- 
ethanol extracts of fetal ovine pancreatic tissue, 
found that the concentration (Units/g pancreas) 
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increased throughout gestation and then declined 
sharply after birth; in fact, the mean insulin con-
centration was almost 7-fold lower in 2–6 y old 
adults than at one day after birth.61 D’Agostino 
et al. provided one final important piece of the 
puzzle when they extracted and quantified insulin 
in fetal bovine pancreas by radioimmunoassay. 
They found that the amount of immunoreactive 
insulin (IRI) in first trimester pancreata was slightly 
higher than in adult bovine pancreata on a per gram 
of tissue basis. However, IRI increased rapidly with 
gestational age and, by the third trimester, was 
7-fold higher than in the adult. They noted: 
“When pancreatic IRI concentrations were standar-
dized for protein content of the extracts, a decrease 
was noted between the midsecond and third trime-
sters. This is most likely the result of dilution of the 
endocrine portion of the pancreas by the rapidly 
growing exocrine pancreas.”66p1108 By 
a combination of good luck and good planning, 
Banting and Best hit just the right timeframe 
(early second trimester) for fetal calf pancreata.

There is one final twist. While Banting cred-
ited Laguesse for sparking his idea of using fetal 
calf pancreas, he never provided any details 
related to this claim and, in fact, he may not 
have been entirely aware of the idea’s origin. 
Leonid V. Sobolov (1876–1919), a Russian 
pathologist who trained under physiologist 
Ivan P. Pavlov (1849–1936) and pathologist 
Konstantin Nikolaevich Vinogradov (1847- 
????), had a career-long interest in the islets of 
Langerhans. Almost 20 y before Banting’s first 
great idea tweaked, Sobolov, while studying the 
pathology of experimental pancreatic duct- 
ligation, suggested making extracts from both 
duct-ligated pancreas and newborn calf pan-
creas in his doctoral thesis (1901).67,68 While 
the thesis was published in Russian and was 
not easily accessible, an abridged version was 
published in German in 1902, and Sobolov’s 
ideas were well-known in the early 20th century. 
Although Banting did not enjoy reading the 
literature, he may also have stumbled across 
Sobolov’s work. Regardless, Banting’s ideas 
about making extracts from calf islets would 
have been derived at least indirectly from 
Laguesse, as this was likely the origin of 
Sobolov’s idea.

Macleod’s Closely Related Great Idea

Banting’s preoccupation with his first great idea 
led to his second great idea; both focused on 
the desirability of extracting the internal secre-
tion from pancreatic tissue depleted of or 
mostly devoid of exocrine pancreatic tissue. 
However, Banting never recognized the brilli-
ance of JJR Macleod’s ultimate extension of this 
idea. Macleod was aware that certain teleost 
(bony) fish have anatomical separation of their 
endocrine and exocrine pancreata. In 1922 
while Banting was busy maligning his research 
supervisor in Toronto,1,2,5 Macleod spent his 
summer at the Atlantic Biological Station in 
St. Andrew’s, New Brunswick making extracts 
from monkfish and sculpin islets as well as their 
exocrine pancreas. He showed definitively that 
islet extracts, but not exocrine pancreas 
extracts, contained insulin,69 which impressed 
the Nobel Prize Committee;24 so it was 
Macleod, not Banting who provided the defini-
tive proof that the pancreatic islets were the 
source of insulin (NB, Banting and Best’s 
crude extracts and Collip’s purified extracts 
were never derived from pure islet tissue). 
Macleod chose sculpins and monkfish because 
they were known to possess a large “principal 
islet” (sometimes measuring greater than 5 mm 
in diameter) and then one or more smaller, but 
still macroscopically visible, islets; this charac-
teristic also allowed him to perform isletectomy 
experiments.24 Over the next 2 y, Macleod and 
two of his graduate students, Noble and 
Norman A. McCormick (1901–1967), studied 
islets in many Atlantic Ocean fish species as 
well as the logistics of commercial production 
of insulin from fish; in fact, during early insulin 
shortages, diabetic patients in Toronto were 
unknowingly treated with fish insulin.4,24 It is 
now known that most teleost fish possess a few 
large and many smaller islets, and that the 
timing of development of these is dissimilar to 
the two distinct islet populations in fetal calves 
and lambs. Prototypically, fish larvae initially 
develop a single islet which is followed by sub-
sequent continuous development of newer 
islets, all of which grow continuously through-
out the lifespan of the fish.70–73 Larger teleost 
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fish islets are simply older than smaller islets, 
which, unlike the large fetal islets in ruminants, 
do not disappear in adulthood. Teleost fish 
islets are often called Brockmann bodies and 
are named after German physician Heinrich 
Adolph Christian Brockmann (1820–1858) 
who described these structures in his doctoral 
thesis De Pancreate Piscium in 1846.

Medical History Based Upon Biological 
Plausibility

Most medical history research focuses on exam-
ination of historical figures and events; sequences 
of events are important for determining priority 
of discoveries. Clearly, the viewpoints of contem-
poraries are important in assessing the impor-
tance and meaning of such events. Historians 
collect available and relevant data on a figure or 
event, sift through it to determine what seems 
credible, analyze this in the context of its totality, 
and then develop a narrative that best fits the 
credible historical data. This current historical 
analysis of an important medical discovery high-
lights that, in some instances, historical research 
should also be able to stand up to biological 
plausibility testing as well as peer-review by 
both biological and historical content experts.

In honor of the 100th anniversary of the dis-
covery of insulin, this paper adds a new biolo-
gical dimension to its medical history. 
I critically examined part of the story that all 
contemporaries agree was a crucial step but that 
has been largely ignored by historians. As 
a medical historian with content expertise in 
islet ontogeny and physiology, I have dissected 
the part of this story that initially seemed bio-
logically implausible (making a highly potent 
insulin from fetal pancreas) and, by using his-
torical and more contemporary scientific litera-
ture, have shown it to be highly credible. 
Clearly, Banting’s second great idea was much 
better than his first! However, while addressing 
an important historical issue, this paper raises a 
new biological question. Why do islets from 
ruminant species produce/secrete so much 
insulin, as compared to other mammalian spe-
cies, during fetal life?
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