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In the words of the late historian Professor Michael Bliss, “The 
discovery of insulin at the University of Toronto in 1921–1922 was 
one of the most dramatic events in the history of the treatment of 
disease. Insulin’s impact was so sensational because of the incred-
ible effect it had on diabetic patients. Those who watched the first 
starved, sometimes comatose, [patients with diabetes] receive 
insulin and return to life saw one of the genuine miracles of mod-
ern medicine. They were present at the closest approach to the res-
urrection of the body that our secular society can achieve, and at 
the discovery of what has become the elixir of life for millions of 
human beings around the world” (1).

In this Review, published 100 years after the discovery of insu-
lin at the University of Toronto, we briefly discuss the history of the 
discovery, with a focus on the key players, the scientific advance-
ments that enabled the bedside implementation of this bench dis-
covery, and a number of ramifications of that momentous discov-
ery. Interesting questions and discussion points abound. What was 
the body of knowledge prior to 1921 that localized insulin to the 
pancreas and established a role for insulin in glucoregulation, and 
why was the ultimate purification of insulin as a lifesaving therapy 
accomplished by researchers in Toronto? What was the role of the 
pharmaceutical industry in the early days of insulin production and 
distribution? Why did the discoverers choose not to profit financial-
ly from the discovery? And, finally, does this early story of bench-
to-beside discovery provide useful considerations for scientists not 
only in the present but also in the future?

A particularly memorable aspect of the discovery of insulin is 
a note that Dr. Frederick Banting, a general surgeon struggling to 
start a new practice in London, Ontario, Canada (a city approxi-
mately 200 km west of Toronto) and with no prior research experi-
ence, jotted down at 2 am one night in the autumn of 1920, shortly 
after reading an article about the pancreas for an upcoming lecture 
in anatomy: “Ligate pancreatic ducts of dog. Keep dogs alive till 
acini degenerate leaving Islets. Try to isolate the internal secretion 
of these to relieve glycosurea [sic]” (1, 2). His hypothesis that atro-
phy of pancreatic acini following pancreatic duct ligation would 
prevent proteolytic degradation of the putative “internal secre-
tion” was not entirely original and, in any case, turned out to be 
incorrect; nevertheless, Banting’s interest in the topic set the ball 
in motion for the ultimate purification and manufacture of insulin 
not only as a lifesaving treatment for patients with type 1 diabetes, 
but also as an effective therapeutic in many with type 2 diabetes.

Early work leading to insulin’s discovery
An extensive review of the many scientific contributions that set 
the stage for the isolation and purification of insulin in Toronto in 
1921–1922 is beyond the scope of this Review article. However, as 
with virtually all research, the discovery was based, in part, on a 
body of scientific knowledge that well preceded the Toronto work 
(Figure 1). It began with Paul Langerhans’s discovery in 1869 of 
clusters of cells in the pancreas (now known as the islets of Langer-
hans) that appeared to be floating in the more abundant pancreatic 
acini, and that were not connected to the pancreatic duct, which 
drained the exocrine pancreatic secretions into the duodenum (3). 
Additionally, over the ensuing three decades, researchers local-
ized a critical factor to the pancreas that controls the body’s utili-
zation of fuels, the absence or deficiency of which led to diabetes 
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an interesting anecdote (1) that Best apparently mistranslated the 
French of Paulesco’s paper, interpreting his use of the phrase “non 
plus,” describing his results, as “not good” rather than “not only.” 
Indeed, Banting and Best’s neglect was not limited to the work of 
this one researcher, as they seem to have paid very little attention to 
almost anyone who had worked on pancreatic extracts before them. 
Notwithstanding the fact that failure to appropriately acknowledge 
the work of others is frowned upon in academic circles, the picture 
painted by Bliss (1) suggests that Banting and Best were not copying 
Paulesco but instead forging their own path. Shortly after the Toron-
to group’s first successful clinical tests, Paulesco administered his 
extract to humans. He too used whole beef extracts but used a saline 
rather than an alcohol extraction and administered the extract rec-
tally. Unfortunately, he achieved no demonstrable glucose-low-
ering effect. Paulesco continued testing his patented pancréine in 
dogs and occasionally in humans through 1922 but eventually aban-
doned his experiments (13–17).

The Toronto researchers’ breakthrough in 
isolating insulin
So, what were the factors that allowed the Toronto group to suc-
ceed where many others had failed? First, one must acknowl-
edge the sheer determination and perseverance of Banting and 
his junior assistant, Charles H. Best, an undergraduate student 
in physiology and biochemistry whom Macleod assigned to work 
with Banting, and who worked tirelessly with Banting through-
out the entire summer of 1921 and the ensuing months (Figure 
2). From the outset, it was clear that Banting was never simply a 
curious researcher studying physiology but intended to (in his own 
words) study the internal secretion of the pancreas and “if possi-
ble isolate it in a form that will be of use in treating Diabetes” (1, 2). 
Second, one must recognize the research expertise and resourc-
es that were provided to the research-naive Banting and Best by 
Macleod, who had a well-equipped, funded laboratory (18–21) and 
who provided experimental guidance, although the extent of the 
latter has been hotly debated on the grounds that, at the time that 
the critical canine experiments were performed in the summer of 
1921, Macleod was visiting his native Scotland (1). Banting and 

mellitus. For example, Oscar Minkowski and Joseph von Mering 
in 1889, and Hédon in 1893, reproduced the diabetic state by pan-
createctomizing dogs and hypothesized that this was due to loss of 
an “internal secretion” of the pancreas rather than of the pancre-
atic exocrine secretion (4, 5). They and many others subsequently 
performed experiments with crude pancreatic extracts, struggling 
with limited success to obtain a robust reduction in urinary glu-
cose and ketones or to improve the well-being of diabetic animals, 
and even in some cases humans, without inducing major toxicity. 
Eugene Opie in 1901 showed a pathological connection between 
diabetes and damage to the islets of Langerhans (6), and many 
other investigators laid the groundwork for the discovery of insu-
lin during the first two decades of the 20th century with important 
advances that revealed the workings of what came to be known as 
endocrine glands and hormones. In the first decade of the 20th 
century, there was ongoing, active research by numerous investi-
gators (Zuelzer, Murlin, Scott [ref. 7], and others) to isolate a pan-
creatic, glucose-lowering factor (8–10). Indeed, between 1915 and 
1919, Kleiner and Meltzer at the Rockefeller University published 
promising glucose-lowering results of their pancreatic extracts in 
depancreatized dogs (11, 12). Furthermore, a Romanian scientist, 
Nicolas Paulesco, published a series of important papers in 1921 
describing successful experimentation with pancreatic extracts, 
which he called “pancréine” (13–17).

Michael Bliss (1), in his in-depth research of Banting’s original 
notes and correspondence as well as of the accounts of others who 
interacted with Banting, paints a picture of a man who had a prac-
tical desire to get on with the work, a relative disinterest in research 
scholarship, a weak background of scientific knowledge, and inexpe-
rience at research, all of which militated against a careful, thorough 
study of the literature, including pertinent publications of the others 
who had gone after the internal secretion. Bliss goes on to comment 
that “if Banting and Best were aware of the work of Zuelzer and E.L. 
Scott, for example, they either did not bother to read their articles, 
which are not listed on their surviving index cards, or they decid-
ed there was no need to cite this work in their early publications” 
(1). Although Banting and Best do appear to have been aware of the 
results just published by Nicolas Paulesco of Romania, Bliss reports 

Figure 1. Timeline of notable advances in the discovery of insulin through history, showing some of the key players and their contributions.
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imental advantage: by 1921, advances in blood glucose analy-
sis allowed them to monitor, using repeated measures on much 
smaller aliquots of blood, a far more precise biological readout of 
the effects of their pancreatic extract as compared with the tools 

Best’s initial crude and impure pancreatic extract did not employ 
purification methods that were more advanced than those of the 
many investigators who performed similar experiments over the 
preceding two decades. However, they did have one major exper-

Figure 2. The discovery of insulin and the first human administration. (A) Young girl with type 1 diabetes, which, before 1921, was a death sentence. (B) 
The Toronto insulin story began on October 31, 1920, when Dr. Frederick Banting noted an idea for an experiment to isolate an internal secretion from the 
pancreas. (C) The Medical Building, University of Toronto, stood at the center of a uniquely linked group of medical and scientific institutions including the 
Toronto General Hospital and the University’s public health biologicals producer, Connaught Laboratories. (D) Laboratory in which Banting and Best’s experi-
ments were performed. (E) Colorimeter for analyzing blood and urine glucose levels. (F) Charles Best (left) and Dr. Frederick Banting (right) with a dog on the 
roof of the Medical Building, August 1921. After meeting Dr. J.J.R. Macleod, Head of Physiology at U of T, Banting was given a lab, experimental dogs, and the 
assistance of undergraduate student Charles Best. Over the summer of 1921, their notebooks reported encouraging results with “Isletin” controlling blood 
sugar levels in depancreatized dogs. (G) Banting’s notebook for August 7, 1921, and chart, showing first blood sugar reductions using “Isletin” in dog 408. (H) 
On January 11, 1922, a 14-year-old patient with type 1 diabetes, Leonard Thompson, was the first to receive an injection of the pancreatic extract, but with 
no effect. (I) On January 23, Thompson received a more purified extract with good results. This extract was developed by Dr. James Collip, a biochemist, who 
joined Banting and Best in December 1921. Images courtesy of The Thomas Fisher Rare Book Library, University of Toronto.
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glucose gave them a tremendous advantage in monitoring the 
effectiveness of their extracts. Additionally, Macleod was a rigor-
ous experimentalist and an internationally recognized authority in 

available to previous researchers (22–24). Thus, although they 
were not the first to monitor blood glucose in response to injection 
of a crude pancreatic extract, the more precise analysis of blood 

Figure 3. A Spreading Story: Excitement Grips the World! (A) Reports of insulin’s first clinical trials in Toronto led to press coverage and a wave of 
requests for this diabetes “cure” from around the world. The severe insulin supply challenges during 1922 meant only a few critically ill patients could 
be treated. (B) Insulin production, Connaught Laboratories, University of Toronto, c. 1923. (C) Early vacuum still for insulin extraction. (D) Original vial of 
insulin produced by Connaught Laboratories, reproduced with permission from Sanofi Pasteur Canada (Connaught Campus) Archives. Connaught’s larger 
insulin facility in the former YMCA Building at the University of Toronto opened in May 1923, starting a period of steady declines in insulin prices that 
continued until 1942. (E) Making enough insulin at lower prices and scaling up production to meet a growing need — Eli Lilly’s Isletin insulin. Encouraged 
by Leonard Thompson’s successful treatments, commercial agreements were developed to initiate large-scale production of the extract. The University 
of Toronto Insulin Committee granted Eli Lilly exclusive US rights until 1924, when other firms were granted licenses. (F) On January 1, 1923, to protect the 
discovery from the unscrupulous, Banting, Best, and Collip assigned the insulin patent to the University of Toronto, with proceeds dedicated to supporting 
medical research. (G) In 1923, the Nobel Prize in Physiology or Medicine was awarded to Banting and Macleod, who immediately shared their awards with 
Best and Collip, respectively. While there were tensions between Banting and Macleod, the Nobel experience highlighted that in the insulin story, there 
indeed was “glory enough for all” (1). Images courtesy of The Thomas Fisher Rare Book Library, University of Toronto.
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In November 1921, Banting read Laguesse’s paper showing 
that newborn and fetal animals have more plentiful islets in rela-
tion to the exocrine glands (26). Having been raised on a farm, 
he was aware that there would be plenty of fetal pancreata at the 
slaughterhouse, because cattle farmers “often bred their cattle just 
before slaughter to make them better feeders and fatter” (1). The 
experiments using extracts of fetal pancreas worked well, with the 
first diabetic dog tested demonstrating a complete absence of uri-
nary glucose after only four injections (1, 27). Their success with 
fetal pancreas extracts led Banting and Best to wonder whether 
they could get a similar result from a fresh adult pancreas. On 
December 8, 1921, they performed a pancreatectomy on dog 35. 
Instead of discarding its pancreas, they purified the extract, inject-
ed it back into dog 35, and observed successful decline in blood 
glucose. Now the research would go forward using cheap, easily 
obtainable supplies of fresh whole pancreata.

An additional advance came when Banting and Best began 
to use alcohol in the preparation of their pancreatic extracts, an 
idea that Macleod had suggested months earlier and one that had 
been used more than 15 years previously by Scott (1, 10). James 
Bertram Collip, a young biochemist from the University of Alberta 
who was on sabbatical in Macleod’s lab in 1921–1922, was assigned 
by Macleod in mid-December 1921 to make further improvements 
to the purity of the extract, with the goal of clinical administration 
(28). Collip had research experience in internal secretions and 
experience in making and injecting tissue extracts (29, 30). His 
contribution to the process was to optimize the alcohol extraction 
procedure so that the active principle (insulin) remained in solu-
tion, allowing precipitation of other protein contaminants and 
subsequent removal of lipids and salts by washing and centrifu-
gation. Additionally, in late 1921, Collip began to use rabbits to 
determine the biological effectiveness of his increasingly purified 
extract, greatly increasing the speed and efficiency of experi-
mentation in comparison with using dogs (31, 32). Collip was also 
the first to demonstrate repletion of hepatic glycogen content in 
response to his extract, thereby providing one of the mechanisms 
underlying the glucose-lowering actions of insulin (33).

Collectively, it is evident that the discovery of insulin could 
not have occurred without the combined efforts of Banting, Best, 
Collip, and Macleod. One could consider the work of Banting 
and Best as the first of two phases, providing definitive proof that 
pancreatic extracts contained a factor that could be used to treat 
diabetes, and Collip’s work as the second phase, the purification 
(in a strict sense, not the isolation) of that factor from impurities 
that would cause a toxic reaction. And, finally, perhaps the most 
important factors that gave the Toronto group the edge were their 
drive and laser-like focus on developing a treatment for human 
diabetes. This largely originated from Banting, in collaboration 
with Best, who persevered as a team in the face of great odds. 
Whether due to naiveté on their part, to the reluctance of Ban-
ting to return to his struggling clinical practice in London, Ontar-
io, and/or to the genuine excitement of scientific discovery, the 
ultimate result was the development of a pancreatic extract that 
successfully reduced glycemia and prolonged life in pancreatec-
tomized dogs (25, 27, 34). The active substance in the extracts was 
named “insulin” (from the Latin insula, meaning island, in refer-
ence to the islets of Langerhans) (35–37).

carbohydrate metabolism (18–21) who demanded reproducibility 
and appropriate controls and, thus, complemented Banting’s rela-
tive inexperience as a research scientist (1).

It is interesting to recount how Banting slowly came to aban-
don his central hypothesis that ligation of the pancreatic duct 
would result in degeneration of the exocrine pancreas. If allowed 
to interact with insulin in the pancreatic islets, the digestive 
enzymes produced by this tissue would render the insulin inactive, 
thereby preventing successful isolation of the “internal secretion” 
that was believed to lower blood sugar and potentially cure dia-
betes. In fact, Banting’s gradual pivot away from the hypothesis 
that kick-started the entire Toronto research endeavor is rich in 
lessons for modern-day researchers. By late summer of 1921, a 
major impediment threatened to delay and potentially derail Ban-
ting and Best’s exciting research. Specifically, the duct ligation 
method was slow (requiring a 4- to 7-week waiting period between 
duct ligation and harvesting of the degenerated pancreas); cum-
bersome, requiring Banting’s expert surgical skills; and expensive. 
Delays in generating duct-tied dogs whose degenerated pancre-
ata could be ground up to make “isletin” could thus result in long 
delays in obtaining supply of extract — particularly problematic 
because survival experiments requiring longevity in dogs were 
required. Impatient to continue their experiments, in late August 
1921, the Toronto researchers made extracts from the pancreas 
of a healthy dog that had not undergone duct ligation. Using this 
extract, they achieved successful reduction in the blood sugar of a 
depancreatized, diabetic dog.

As researchers know, it takes tremendous discipline not to 
believe in one’s hypothesis to the point that it could bias exper-
imental results or to try to “prove” rather than objectively test a 
hypothesis (or, technically speaking, test the null hypothesis). 
The results of a well-performed experiment should contribute to 
the scientific body of knowledge regardless of whether the initial 
hypothesis was correct. Banting and Best, like so many research-
ers before and after them, fell into the trap of believing too avid-
ly in their hypothesis that pancreatic duct ligation was critical to 
isolating an internal secretion that would effectively lower blood 
sugar. Hence, in their first publication, they wrote that “it is obvi-
ous from the chart (of the above experiment) that the whole gland 
extract is much weaker than that from degenerated gland” (25), 
although the figures in that paper suggest otherwise. However, still 
believing that it was necessary to get rid of the external secretions 
and running out of duct-ligated dogs, they tried repeated stimula-
tion of pancreatic exocrine secretion using the duodenal entero-
endocrine hormone secretin. Although this process succeeded 
in reducing the digestion of insulin during extraction, it was dif-
ficult as well as time-consuming owing to the initial requirement 
to isolate the secretin (1). In an additional study in October 1921, 
one duct-ligated dog pancreas was found to be only partly degen-
erated, so they prepared extracts from both the degenerated and 
the non-degenerated tissue. The extract from the less degenerat-
ed part was more effective, casting doubt on the hypothesis that 
a degenerated gland was necessary to produce a potent extract, 
a finding that, once again, the researchers seemed not to notice 
(1). Nonetheless, they continued experiments using extracts from 
only partially degenerated glands because of the reduced waiting 
period after the ligation.
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Early clinical use of insulin
The first successful human administration of insulin was per-
formed on January 23, 1922, at the Toronto General Hospital, 
to 14-year-old Leonard Thompson (this was Thompson’s sec-
ond administration of pancreatic extract, the first, on January 
11, having been largely ineffective) (27, 31). Before the treat-
ment, Thompson was emaciated, weighing only 65 pounds, in 
ketoacidosis and desperately ill, lying listless in bed and close 
to death. His clinical response to the more purified extract, 
administered by clinician Walter Campbell, was rapid and dra-
matic. His glycosuria and ketonuria almost disappeared, and 
his blood sugar declined by approximately 75%. Clinical notes 
indicate that “the boy became brighter, more active, looked 
better and said he felt stronger” (1). Leonard Thompson lived 
with type 1 diabetes for an additional 13 years after his initial 
treatments with insulin. Another early patient was 5-year-old 
Teddy Ryder (weighing 26 pounds at treatment onset), who 
was reported to have been transformed by insulin into “a vig-
orously healthy, happy boy with a round face and a thick mop 
of brown hair” (1, 38). Teddy Ryder died in 1993 at age 76, a 
few years after the authors had the privilege of meeting him as 
a robust and healthy-appearing gentleman. Another was Eliza-
beth Hughes (age 14, weighing 45 pounds at treatment onset), 
daughter of the US Secretary of State, who lived a “normal life” 
before dying of heart failure in 1981 (1, 38). Was this event the 
true “discovery” of insulin, or should that term be attributed 
to earlier investigators or, in fact, to later investigators who 
first isolated and crystalized insulin (39), determined its ami-
no acid (40, 41) and gene (42) sequences, engineered recom-
binant insulin (43, 44), and/or determined the crystal structure 
of the zinc-insulin hexamer (45)? What is beyond dispute is that 
Banting, Best, Collip, and Macleod were the first to develop an 
insulin preparation as an effective therapy for humans affect-
ed by diabetes, and no other investigators or groups can lay 
claim to that accomplishment (refs. 27, 31; and Figure 3). Their 
discovery of insulin was acknowledged by the awarding of the 
1923 Nobel Prize in Physiology or Medicine to Frederick Grant 
Banting and John James Rickard Macleod, shared with Charles 
Best and James Collip, respectively (46).

Commercialization of insulin
What was the role of industry in the manufacture and distribu-
tion of insulin that made it widely available as rapidly as possi-
ble as a lifesaving therapy, and how did academia and industry 
interact? On January 25, 1921, two days after the first successful 
human administration of their pancreatic extract, Banting, Best, 
Collip, and Macleod signed an agreement of cooperation with the 
University of Toronto’s wholly owned, noncommercial, public 
health entity Connaught Antitoxin Laboratories, established in 
1914 to produce diphtheria antitoxin and located in the basement 
of the University of the Toronto Medical Building (47, 48). How-
ever, production of insulin in the Connaught Laboratories was 
insufficient to meet the increasing, and increasingly desperate, 
demand. By May 1922, attempts to scale up production of insu-
lin had failed, and there was mounting pressure to take action to 
produce more insulin. Outside help was therefore urgently need-
ed to circumvent the growing crisis (1, 47, 48). G.H.A. Clowes, 

research director of Eli Lilly and Company based in Indianapo-
lis, Indiana, first became aware of the Toronto group’s work in 
late 1921. Clowes had been in communication with Macleod and 
had shown persistent interest in his firm’s developing the new 
extract. In late May 1922, the University of Toronto and Eli Lilly 
worked out an agreement that gave Eli Lilly the exclusive rights 
to manufacture and distribute insulin (free of charge) to selected 
physicians and hospitals (1, 48, 49). After one year, the compa-
ny was free to charge for insulin and patent any innovations on 
their product (see also below). A very close working relationship 
between the Toronto team and scientists at Eli Lilly ensued (50, 
51). The rationale provided by the board of governors of the Uni-
versity of Toronto for favoring one company was that concentrat-
ed effort by one firm would be the most effective solution to over-
coming the supply problem. Heading off anticipated criticism 
of being “unethical or unfair or as in any way prejudicial to the 
free manufacture of insulin” (1), they also stated that they would 
“give other firms, as well as hospitals and other non-commercial 
concerns, every chance to do the best they can by publishing the 
details of the methods … in full at an early date” (1, 48, 49). With 
the resources and advances Lilly applied to the manufacture of 
their pork “Isletin” by late 1922, they were starting to overcome 
the drastic shortage. Further modifications overcame several 
potency and stability issues, and, by early 1923, Lilly was able to 
manufacture sufficient high-quality insulin for the needs of the 
entire world (1, 48, 49). By late 1922, the Connaught Laboratories 
had updated their equipment and production facilities and also 
begun to overcome their initial production challenges (1, 47, 48). 
The University of Toronto also granted complete British patent 
rights to the insulin extract to the Medical Research Council of 
Great Britain (48), and European rights to the nonprofit Nordisk 
Insulin Laboratory, facilitated by the Nobel laureate August Kro-
gh of the University of Copenhagen and his associate, H.C. Hage-
dorn, later merging with Novo to become the present-day insulin 
manufacturing company Novo Nordisk (48).

Of the many questions that have arisen since 1921, one is why 
the Toronto scientists did not attempt to profit personally from 
their discovery. In fact, there is some evidence that the biochemist 
Collip considered patenting his purification method whereas Ban-
ting and Macleod, the two qualified physicians on the team, were 
reluctant to be associated with patenting on the ethical ground 
that commercialization might make their discovery unavailable 
on a widespread basis. Banting famously declared that “insulin 
does not belong to me, it belongs to the world” (52), and he turned 
down subsequent opportunities to profit personally from the dis-
covery, consistent with his highly ethical belief that even the most 
financially destitute of patients should not be deprived of insulin 
by commercial forces (1, 48). However, their hand was forced 
when they became aware that a competitor’s patent could inter-
fere with their work in Toronto and could even, potentially, shut 
them down. Therefore, in April 1922, discussions began regarding 
patenting of the insulin purification method, with the formal sale/
transfer of their patent rights by Banting, Best, and Collip to the 
University of Toronto for $1 apiece finalized in December 1922, 
followed by the University filing an application for a patent. They 
felt that providing their patent to the university would prevent 
their discovery from being commercially exploited by a single 
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company. The justification for filing a patent was that “when the 
details of the method of preparation are published anyone would 
be free to prepare the extract, but no one could secure a profitable 
monopoly” (1). The University of Toronto received royalties in 
North America from the licensing of insulin, totaling $8 million 
(Canadian dollars) between 1923 and 1967. In contrast, Eli Lilly 
sold more than a million dollars of insulin in just the first year of 
marketing, with additional and substantial profits also being real-
ized by the other major pharmaceutical companies involved in the 
early production of insulin (1). The discovery of insulin thus pro-
vided a formative test case for the relationship between academia 
and industry (48), a relationship that has changed substantially 
over the past 100 years. Unlike today, when commercialization of 
medical discoveries is a point of pride for researchers and univer-
sities, in 1921 researchers and universities felt uneasy about prof-
iting from medical discoveries that were, first and foremost, to 
benefit humanity. However, given the technical advances brought 
by industry to the insulin field since 1921 (human insulin and long- 
and rapid-acting preparations, to name a few), it is difficult now to 
ascertain whether different decisions regarding the patenting of 
insulin would have altered the course of its clinical history.

One additional question arises as to the motivation of Ban-
ting to develop a treatment for diabetes. It is clear that he had no 
experience in treating patients with diabetes, and indeed it could 
be argued today that there were far more pressing medical issues 
in the world, owing to the H1N1 influenza pandemic of 1918–1920 
(53). Many people who played roles in Banting’s life are known to 
have contracted influenza, including Charles Best’s fiancée, Mar-
garet Mahon, in the winter of 1919 (54); Elizabeth Hughes, one 
of the earliest patients treated with insulin, in early 1919 (38); Sir 
William Osler, a medical “giant” in Canada, who died of related 
complications in December 1919 (55); and James Collip’s fami-
ly in early 1922 (1). However, in the long run, although influenza 
killed a devastating 50 to 100 million people worldwide (56), the 
death rate was lower (estimated as 8%–10% in young adults, the 
most affected age group; ref. 53) than that of type 1 diabetes, which 
affected far fewer individuals but had a death rate of 100%; insu-
lin was not a “cure for diabetes,” but it prevented death. Wheth-
er these issues played any role in Banting’s decision to pursue this 
area of research remains a matter of interesting speculation during 
the current SARS-CoV-2 (COVID-19) pandemic.

The future of insulin therapy
Although lifesaving, insulin treatment in its early days was primi-
tive by today’s standards and extremely difficult to administer for 
the person living with diabetes. Early treatment was plagued by 
shortages of supply and variable potency, and required large inject-
ed volumes (typically 3 to 7 mL) that resulted in painful, sterile or 
infected, subcutaneous abscesses, frequent hypoglycemia, and 
suboptimal glycemic control (1) that, in the long term, increased 
the risk of the life-threatening or life-altering complications of 
nephropathy, circulatory problems, lower-extremity amputations, 
and blindness (57). Many advances in insulin treatment have 
been made over the years, including the development of modi-
fied insulins with both shorter and longer durations of action, the 
replacement of animal insulins with recombinant human insulin, 
improved insulin delivery devices (pens and infusion pumps), and 

improvements in glucose self-monitoring, including capillary glu-
cose testing, the discovery of hemoglobin A1c as a tool to monitor 
glycemic control, and, more recently, continuous glucose monitor-
ing, not to mention numerous advances in prevention and treat-
ment of diabetic complications (58). These advances over the past 
100 years have had a real and tangible impact on the lives of per-
sons affected by diabetes and have dramatically reduced all-cause 
mortality (59); however, profound limitations still remain. Frus-
tratingly, we still have not perfected mechanisms for truly physio-
logical insulin delivery. Insulin administered subcutaneously, even 
using sophisticated devices such as an insulin pump coupled with 
a continuous glucose monitor, remains an imperfect substitute for 
a healthy pancreas secreting insulin in response to multiple feed-
back loops, into the portal vein with first-pass through the liver 
(60). Tremendous effort is currently being directed to developing 
improved mechanical, closed-loop insulin delivery devices as well 
as cell-based insulin delivery therapies (61, 62).

However, many hurdles also remain in the prevention and treat-
ment of diabetes because of high prices and poor availability. In the 
United States, the high price of insulin has been attributed to many 
factors, including (but not limited to) the large number of stakehold-
ers in an increasingly complex supply chain and the limited number 
of manufacturers (63). The high cost of insulin has recently become 
a political issue in the US (64) but is also a global concern, with one 
in two people who need insulin lacking access, and the WHO Global 
Report on Diabetes (2016) stating that “people with diabetes who 
depend on life-saving insulin pay the ultimate price when access 
to affordable insulin is lacking” (64–66). Improvement of insulin 
availability and affordability needs to be addressed through nation-
al and global actions, including prioritizing the supply of more 
affordable human insulin, increasing competition through the use 
of lower-priced quality-assured biosimilars, negotiating lower pric-
es from manufacturers, and improving distribution systems (66). It 
is disturbing to acknowledge that, throughout the world, insulin is 
still unavailable to millions of people in need.

It has now been 100 years since the discovery of insulin as a 
lifesaving therapy for patients with type 1 diabetes and as a com-
ponent of the therapeutic regimen for those with type 2 diabetes. 
However, despite the remarkable advances made over the past 
century, many challenges remain for the person living with diabe-
tes. It is the dream of every diabetes researcher to make a giant, 
leapfrogging advance that could, dare we say, cure diabetes. In 
the meantime, we continue to see incremental improvements in 
the lives of those living with diabetes based on the collective hard 
work of diabetes advocates, health policy experts, health care pro-
viders, educators, researchers, and clinicians working collabora-
tively on the most intractable problems.
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