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Abstract

This year marks 100 years since the administration of the first insulin injection, the discovery of insulin (101 years ago) repre-
senting a cornerstone in the history of medicine. This moment transformed insulin-dependent diabetes from a certain death
sentence into a chronic condition associated with a high life expectancy. Tens of millions of lives or more have been saved
this way. The Romanian Nicolae Paulescu contributed decisively to the discovery of insulin in 1921. In early 1922, Banting
and Best administered insulin to humans for the first time, to Leonard Thompson — a 14-year-old child, his health improving
considerably after the administration of purified insulin, by the Canadian team. In the same year, insulin production began
in Indianapolis, later expanding throughout the world. In 1923, the Nobel Prize for Physiology or Medicine was awarded to
Banting and MacLeod, for the discovery of insulin, but great controversies were triggered, not extinguished to this day. In an
attempt to calm the spirits, Banting shared his prize with Best and Macleod with Collip. However, Paulescu remained exclud-
ed and died full of bitterness, being unable to accept the fact that fraud can also occur in science.
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Introduction - the truth heyond the truth

Diabetes mellitus is a chronic non-communicable
disease, its prevalence reaching epidemic proportions
over the last years. Insulin treatment is probably the
most complex chronic medical therapy, regarding dos-
age, as well as the timing and administration method,
requiring individual, multifactorial adjustment.

This year we celebrate the 100™" anniversary of
the administration of the first insulin injection to hu-

mans, a moment that changed the history of diabetes
and saved tens of millions of lives, together with the
discovery of insulin just a year earlier. These events are
among the most important medical discoveries of hu-
manity. Since then, insulin has been widely prescribed
asan antihyperglycemic agent in patients with diabetes
mellitus [1]. The discovery of insulin thus miraculously
transformed type 1 diabetes from a death sentence into
a manageable chronic condition [2, 3], prolonging life
for these people.
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Regarding the discovery of the causes, as well as ef-
fective treatment options for diabetes mellitus, several
scientists and researchers from many regions of the
world have contributed, making huge efforts over nu-
merous decades.

In 1869, the Romanian Nicolae C. Paulescu was
born in Bucharest, a physician and researcher, and a
great man of culture at the same time. He knew Latin
and Greek, and French was like his second native lan-
guage; he loved poetry, theater, music, piano playing
and painting.

N.C. Paulescu studied medicine in Paris, where he
worked with great personalities of the French medi-
cal world, starting the long journey of discovering in-
sulin alongside Etienne Lancereaux, being one of the
complex medical personalities of the time, ready for a
great discovery. The first attempts to isolate the anti-
diabetic “pancreatic factor” were carried out as early
as 1899. Paulescu obtained, in 1916, an aqueous pancre-
atic extract, with which he normalized blood sugar in
dogs with diabetes; his experiences were interrupted
because of the First World War but were intensively re-
sumed in 1921.

The “Birth Certificate of Insulin” was published
on August 31%,1921, in the prestigious journal Archives
Internationales de Physiologie, which appeared simul-
taneously in Paris and Liége in Belgium, arousing great
interest in the medical world, who realized that this
was a great discovery; the article is entitled “Recherches
sur le role du pancréas dans lassimilation nutritive”, in
which Paulescu extensively presented the results of his
research [4].

The Romanian scientist Nicolae Paulescu contrib-
uted decisively to the discovery of insulin so that the in-
itiation of insulin therapy became possible only a few
months later, in early 1922.

The truth about, perhaps, the most important dis-
covery of the 20" century must be known to the whole
world. Pierre Lefébvre, former President of the Inter-
national Diabetes Federation, stated that the discov-
ery of insulin began with the Romanian Paulescu and
was completed by Banting and Best in Toronto in 1921
[5-7]. An extremely important moment took place in
Montreal, Canada, in 2009, at the 20* Congress of the
International Diabetes Federation, where the Spanish
professor Alberto de Leiva Hidalgo, in a room full of
thousands of participants, monumentally ended his
presentation with the slide: “Priorities in the discovery
ofinsulin: the case of Paulescu” [6, 8], thus highlighting
the work of the Romanian scientist and basically, “the
truth beyond the truth”.
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The pancreatic origin of diabetes mellitus was de-
scribed for the first time by Etienne Lancereaux during
1877-1883, introducing the term “pancreatic diabetes”.
He described two types of diabetes: “thin” diabetes
(currently known as type 1 diabetes mellitus) and “fat”
diabetes (currently known as type 2 diabetes mellitus),
a form that develops at older ages, being frequently as-
sociated with obesity, also called constitutional diabe-
tes, this having “indefinite” evolution [8-10].

In 1889, researchers Oskar Minkowski and Joseph
von Mering discovered completely by accident, while
performing a total pancreatectomy with the aim of
evaluating the role of the exogenous pancreas, the fact
that diabetes mellitus develops after pancreatectomy,
reconfirming the role of the pancreasin the occurrence
of thisdisease [8-11]. Minkowski fed pancreatectomized
dogs with fresh pancreas, thus trying to treat diabetes,
but hedid not get any results. In 1890, however, he made
a dried extract from the pancreas, calling it “pancrea-
tin”. Moreover, Emmanuel Hédon used the cross-circu-
lation between a pancreatectomized dog and a healthy
one, thus finding a reduction in blood sugar in dogs
with diabetes mellitus. As a result of this important
research, numerous attempts were initiated to extract
and identify the pancreatic hormone [10]. A few years
later, in 1909, Eugene Opie noted the presence of hya-
line degeneration of the islets of Langerhans among
patients with diabetes mellitus, a discovery confirmed
a year later by Edward Sharpey-Schafer; in 1916, he de-
scribed in detail the ability of the pancreatic islets to
secrete a substance, which we all know today under the
name of “insulin” [9, 11, 12]. Although a number of re-
searchers have tried to isolate a product from the pan-
creas that could be administered to humans in order to
treat diabetes mellitus, none of them succeeded before
Nicolae Paulescu, who, after obtaining the pancreas
extract, realized that purification was needed in order
to be administered to humans. However, the contri-
bution of each of them is indisputable. The history of
insulin discovery is thus fascinating both by the way it
was made and by the destiny it had [13].

Paulescu’s place in the history
of insulin discovery

On the ground of experimental failures and the
intuitions of other researchers, Nicolae Paulescu de-
veloped his creative activity. The great scientist, being
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prepared for an important medical discovery, began
the journey alongside Lancereaux in 1899, making the
first attempts to isolate the pancreatic diabetogenic
factor, initiating together with Professor Dastre from
the Sorbonne University the first studies regarding
the internal secretion of the pancreas [5, 13]. Paulescu
had to return home in 1901, where he founded the
Department of Physiology at the University of Medicine
in Bucharest, being actively involved in various other
research projects, such as the physiological role of in-
sulin; he developed a new method of trans-temporal
approach to the pituitary gland, later being widely
used after Harvey William Cushing described it as the
most important achievement in this field [13]. All these
studies, however, postponed the continuation of the
project related to the discovery of insulin.

In 1911, Paulescu published the results of his re-
search regarding the role of the supposed endocrine
secretion in restoring liver glycogen [10, 13-15], a phe-
nomenon later called “incretin factor”. A year later,
he describes “Diabetic Pancreatic Insufficiency” in
the third volume of the “Lancereaux-Paulescu Medicine
Treatise” [6, 16]. He thus went through the stages of the
great discovery in a period of over 22 years.

The insulin discovery was made in the laborato-
ries of the Department of Physiology of the Faculty of
Medicine in Bucharest; during 1914-1916, Paulescu de-
veloped a method of total pancreatectomy in dogs, thus
inducing diabetes mellitus. In 1916, the Romanian sci-
entist isolated the pancreatic extract he named “pan-
crein”, a hormone that was proven to reduce blood sug-
ar, glucosuria and ketonuria in dogs with diabetes. The
research was, unfortunately, interrupted due to the
First World War, until 1920, when Paulescu published,
for the first time, his work of decades, in French, in the
second volume of the “Traité de Physiologie Médicale”,
proving not only the cause of diabetes but also the pos-
sibility of treatment of this disease [6, 8, 10, 17, 18]. In
the chapter dedicated to diabetes mellitus, clinical, bi-
ochemical, morphopathological and etiopathogenetic
data were presented, as well as his personal research re-
garding this condition; Paulescu demonstrated excep-
tional qualities as a physiologist and clinician. He de-
scribed a series of previously unknown or little-known
data, inducing diabetes in animals and treating them
by intravenous administration of a pancreatic extract.
He highlighted hyperglycemia, glucosuria and the
presence of blood and urinary ketone bodies, he corre-
lated the dose of pancreatic extract with its action, thus
describing hypoglycemia. However, it is extremely im-
portant that he studied data related to the onset of insu-
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linaction, the action duration, and the reappearance of
hyperglycemia symptoms [6].

In 1921, Paulescu made a synthesis of his research,
presenting it in four communications at the meetings
of the Society of Biology in Bucharest, later published
in Paris in Comptes rendus des séances de la Société de
Biologie et de ses filiales, in July, the entire scientific
world realizing at that moment the monumental dis-
covery [6, 19]. In August 1921, the Romanian scientist
presented an extensive work in the journal Archives
Internationale de Physiologie, which was published
simultaneously in Paris and Liége, the synthesis enti-
tled “Recherche sur le véle du pancréas dans lassimilation
nutritive” being considered “the birth certificate of the
pancreine” [5, 8-10, 19-21]. It should be noted that no
work of the Canadian research group had been pub-
lished to that date, their work being published starting
in 1922,

On April 10%, 1922, Nicolae Paulescu obtained
Patent No. 6254, entitled “La pancréine et le procédé de
sa fabrication” [8, 22, 23].

The 1923 Nobel Prize in Physiology or Medicine

On May 17%, 1921, Banting and Best began the re-
search project on the pancreas in MacLeod’s labora-
tory, the resulting product being named “isletin” [9,
23-28]; that same month, Paulescu completed the fun-
damental work on the discovery of insulin. The two
Canadian researchers prepared a pancreas extract that
reduced the level of glucose, decreased the production
of ketone bodies, but also the catabolic effects specific
to type 1 diabetes mellitus, all these results being pub-
lished starting in 1922 [6, 29], obviously after Paulescu’s
publications [5].

On January 11*, 1922, Banting and Best adminis-
tered insulin for the first time to a child with diabetes
mellitus, Leonard Thompson, aged 14 years old, who
was expected to die at the time. However, the weakly
purified pancreas extract produced two abscesses at
the site of the administration and the injection of an-
other dose of insulin was interrupted. The Canadian
team was joined by Collip to try to purify the product in
order to reduce the death rate and the risk of abscesses.
The insulin extraction procedure was successful only a
few days later [6, 10, 21, 30, 31]. Therefore, insulin was
administered again to Leonard Thompson on January
23,1922, aswellasduring the following period, without
adverse reactions. His health condition improved con-
siderably, with favorable evolution regarding the value
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of blood sugar, glucosuria and ketonuria [6, 29-33] and
the administration was continued for another 13 years
until Thompson died of pneumonia at the age of 26
years old [6, 9, 10, 12, 21, 34]. The results were present-
ed by Macleod on May 3%, 1922, in Washington DC
and were published later that same year [6, 29, 31]; the
huge role of the Canadian team regarding insulin pu-
rification and its administration to humans, without
adverse reactions being more than obvious, but not
regarding the discovery of insulin. The Canadian re-
searchers were aware of Paulescu’s work regarding the
effects of pancreatic extract on carbohydrate metabo-
lism, but also on protein and lipid metabolism, being
cited in their first publications. Thus, the role of the
Canadian team in insulin purification, its first admin-
istration to humans, but also the immense role played
by the vision and prestige of the University of Toronto,
which quickly disseminated the importance of insulin
therapy, gathered around researchers, great medical
personalities, pharmaceuticals companies, must be
recognized, so that the access of patients with diabetes
to insulin therapy quickly became a reality [6, 27, 35].

In 1922, the Eli Lilly company started insulin pro-
duction in Indianapolis in collaboration with the
University of Toronto, becoming the first insulin
producer in the world [9, 10, 36]. The chemist of the
Eli Lilly company, Walden, contributed to the refine-
ment and purification of the pancreas extract, this
being a very important step for the mass production
of “Iletin” as the insulin produced by Lilly was named,
patients from all over the world benefiting from this
treatment [9, 21, 37, 38]. The Eli Lilly company received
the right to manufacture in South and North America
and Connaught in Canada. In 1923, insulin production
began in Nordisk Insulinlaboratorium in Denmark,
the company being later named Novo Nordisk [9, 12,
21, 37, 38]. Also, in 1923, the German company Hoechst
started producing insulin [9, 12, 39]. The phenomenon
started spreading in 1924 in Hungary, Argentina and
Australia [9, 12]. During the next period, huge efforts
were made in order to obtain pure insulins, increasing
the quality of life of patients with diabetes and saving
tens or perhaps hundreds of millions of people.

In 1923, Banting and MacLeod received the
Nobel Prize for Physiology or Medicine [40]. However,
great controversies were triggered, not extinguished
even 100 years later, Best, Collip and Paulescu being
excluded. To calm the spirits, Banting shared the prize
money with Best and Macleod with Collip, but not the
glory [6,12, 29, 37, 41, 42]. However, Paulescu remained
excluded. According to Alfred Nobel's decision, the prize
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isawarded only for an important discovery and cannot
be shared by more than three people who must be alive
at the time of the award [27].

Moreover, the regulations of the Nobel Foundation
do not allow either the withdrawal or the completion
of the list of prize winners [6]. The Romanian profes-
sor Ionel Pavel tried for over two decades to restore
the truth about the discovery of insulin, partially suc-
ceeding when the International Diabetes Federation
and the Nobel Foundation recognized Paulescu’s mer-
its through correspondence with him, but they never
widely informed the scientific community [6, 43]. Pro-
fessor Pavel handed over the baton to the academician
Constantin Ionescu-Tirgoviste to continue the fight to
find out the truth and to honor the Romanian scientist
N.C. Paulescu [6].

Unfortunately, Paulescu could never accept the fact
that fraud can also occur in science and he died full of
bitterness, but not before warning the scientific com-
munity about the danger determined by the develop-
ment of an immoral and aggressive attitude in scientif-
ic research [6].

Conclusions

The insulin discovery is more than a landmark in
the history of medicine, it is a stage that represents a
real lesson with ethical and historical implications.
Although the context was not favorable for Paulescu,
he played a crucial role in the discovery of insulin, an
event that transformed and saved the lives of tens of
millions of patients over time. The idea of discovering
insulin and saving the lives of patients with diabetes
excited the medical world and researchers, but not
only them, being regarded as a miracle. However, the
nominations for the Nobel prize were rushed, without
studying, according to the regulations, who had the
essential contribution to the true insulin discovery.
On the other hand, no one proposed the Romanian
scientist N.C. Paulescu for the Nobel prize, this being
a mandatory condition, although his role could have
been investigated more carefully and a proposal could
have been induced. The celebration of the centenary of
insulin discovery in 2021 could have restored the truth,
even with a delay; however, this official fact was not
realized, but dozens of articles were published, most of
them recognizing the capital role of Paulescu. “There
isin insulin enough glory for all, both for Paulescu, the
discoverer of insulin and for the meritorious Canadian
Team, that put into practice this great discovery”.
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