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Summary of experimental and clinical 
experiences with pancreatic extracts  
(1902-1921)

It  is accepted by the great  maj ority that  the definit ive proof 
of  t he role of  t he pancreas in diabet es mel l i t us was t he 
publicat ion by O. Minkowski,  in 1893,  demonst rat ing that  
pancreatectomy in dogs induced experimental glycosuria. 
Minkowski made glycosuria disappear in depancreat ised 
dogs by subcutaneous implants of pancreat ic t issue, and he 
was the first  to t ry, unsuccessfully, to restore the ant idiabet ic 
act ion of the pancreas by the administ rat ion of pancreat ic 
ext racts either orally and parenterally1.  

Never t heless,  pr ior  t o Minkowski ’ s discovery,  ot her 
scient i st s had provided evidence on t he relat ionship 
between the pancreas and diabetes. In 1709, Johan Conrad 
Brunner removed the pancreas f rom dogs,  and noted that  
they displayed ext reme thirst  and polyuria. His experiments 
could probably well be considered as the f irst  ones on the 
internal secret ion of the pancreas2.

In 1788,  Thomas Crawley report ed a singular case of 
diabetes in a subj ect  who died showing stones and signs of 
t issue damage of  t he pancreas.  In 1869,  Paul Langerhans 
descr ibed in his doct oral  t hesis t he pancreat ic islet s, 
ignoring their funct ional role3. Et iènne Lancereaux described 
in 1877 (12 years before t he init ial  observat ion of  J.  von 
Mering and O. Minkowski) a form of diabetes occurring in a 
group of 12 subj ects with pancreat ic disorders; he named it  
pancreat ic diabet es.  The disorder was heterogeneous; one 
t ype was charact erized by sudden onset ,  overt  cl inical 
mani f est at i ons,  decreased weight  and more severe 
pancreat ic lesions;  t he ot her t ype,  of t en inherit ed,  was 
associated with obesity, usually asymptomat ic, and depicted 
a slow progression4.  Claude Bernard also invest igated t he 
hypot hesis of  pancreat ic diabet es;  for t his purpose,  he 
ligated the pancreat ic ducts; after observing the at rophy of 
the gland without  diabetes, he abandoned the hypothesis of 
pancreat ic diabetes, and insisted on the metabolic role of 
t he l iver and t he inf luence of  cent ral  nervous syst em in 
glucose5.

It  would not  be unt il 1901 when Eugene L Opie established 
the relat ionship between the hyaline degenerat ion of  t he 
islet s of  Langerhans and t he occurrence of  diabet es.  In 
1906, Wilhelm Heiberg developed a method for count ing the 
islet s and found t hat  t he number was consist ent ly low in 
diabet ic individuals6.  In 1909, Jean de Meyer int roduced the 
name of  insul in t o describe the act ive substance from the 
islets of Langerhans7. In 1916, Sir Edward A. Sharpey-Schafer 
(1850-1935),  Professor of  Physiology at  t he Universit y of 
Edinburgh t heorised t hat  t he islet s of  Langerhans must  
secr et e a subst ance whi ch gover ned car bohydr at e 
met abol ism.  For t his suspect ed int ernal secret ion of  t he 
pancreas, Schafer suggested the name of insul ine8.

J.  Rennie and T.  Fraser,  f rom Aberdeen Royal Inf irmary, 
published in 1907 clinical experiences carried out  between 
1902 and 1904,  invest igat ing t he ef fect s of  administering 
pancreat ic islet s f rom various t eleostei,  in part icular t he 
Lophius Piscatorious to 5 diabet ic pat ients, with negat ive or 
inconclusive results. In these part icular f ishes, the islets are 
anatomically independent  from the acinar t issue9,10.

GL Zuelzer did not  observe beneficial effects on the f irst  
diabet ic pat ient  t reated with a pancreat ic ext ract .  Results 

were more sat isfactory in the following pat ients, including a 
6 year old male child with ketonuria. However, all his pat ients 
developed adverse ef fect s:  fever,  vomit ing,  st omat i t is, 
profuse sweat ing10,11. J. Forschbach reproduced the results of 
Zuelzer in 1909, following Minkowski’s advice, and recognised: 
First  (Zuelzer) t o produce, successful ly, f rom the pancreas a 

preparat ion t hat  el iminat es sugar excret ion in a short er or 

l onger  per iod by int ravenous administ rat ion12.  In 1912, 
Zuelzer submit ted an applicat ion to the USA patent  office on 
ACOMATOL on May 6, 1908. The patent  was awarded (serial 
number 431,226), as «pancreas preparat ion suitable for the 
t reatment of diabetes» on May 28, 191210,13.  

Clinical use of insulin (1922-1923)

University of Toronto and Toronto General Hospital

Duncan Archibald Graham was Chair of  t he Department  of 
Medicine and Physician-in –Chief  at  t he Toront o General 
Hospital in 1921. Fred Bant ing asked him for permission to 
t reat  diabet ic pat ient s in t he Int ernal  Medicine Ward of 
Toronto General Hospital (TGH) with the pancreat ic ext racts. 
Prof essor  Duncan did not  al l ow him t o do i t  at  f i r st  
Nevert heless,  t he mediat ion of  John Macleod made i t  
possible to administer the f irst  ext ract  prepared by Bant ing 
and Best 14.  

Duncan Archibald Graham (1882-1974), born on a farm 
near Ivan, Ontario, held the f irst  posit ion in the Brit ish 
Empire of  Chair of  Cl inical Medicine,  establ ished by 
John Craig Eaton at  the University of Toronto in 1919. 
He was Chair  of  t he Depart ment  of  Medicine and 
Physician-in –Chief  at  t he Toronto General Hospit al,  
unt il 1947. From 1933 to 1935, he was the President  of 
t he Royal  Col l ege of  Physicians and Surgeons of 
Canada. From 1940 to 1941, he was the President  of 
t he Canadian Medical  Associat i on.  He received 
honorary degrees f rom t he Universit ies of  West ern 
Ontario, Toronto, and Queen’s15.
 

Dr. Walter R Campbell,  At tending Physician of the Internal 
Medicine Depart ment ,  TGH,  obt ained permission f rom 
Leonard Thomson’s father to allow him to part icipate in the 
f irst  t rial of Bant ing’s pancreat ic ext ract 16.  Leonard was a 14 
year-old boy wit h j uvenile diabet es diagnosed t wo years 
before.  On January 11,  1922, Dr.  Campbell ordered Dr.  Ed 
Jeffrey to administer, subcutaneously, 7.5 ml of the ext ract  
into each but tock. Figure 1 depicts the daily urine glucose 
excret ion of Leonard from his admission at  TGH on December 
2, 1921. The Bant ing’s pancreat ic ext ract  was not  successful;  
only a sl ight  decrease in glycosuria and a 25% decrease in 
blood sugar could be observed, together with an asept ical 
abscess at  one inj ect ion site17.  

On the cont rary, the graphic il lust rates, from January 23 
to February 4, the excellent  response of the sugar excret ion 
to the administ rat ion of the Collip’s pancreat ic ext ract 18,19.  
Figure 2 shows, in parallel t o the marked reduct ion in the 
amount  of  glucose excret ed,  a subst ant ial  reduct ion of 
blood glucose and urinary ket one bodies,  t oget her wit h 
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clinical improvement . After this historical experience, Prof. 
Duncan Graham assigned Drs.  W.R.  Campbel l  and A.  A. 
Fletcher to solve all features related to the t rial with this 
new t reatment  in the wards of the medical Department  at  
t he TGH. The successful result s achieved with the case of 
Leonard Thomson were reproduced quite soon. By February 
1922, six more pat ients had been already invest igated17.

The immediat e consequences of  t hese cl i ni cal 
observat ions at  t he Depart ment  of  Medicine,  were 
report ed t o t he American Diabet es Associat ion by 
Walter Campbell:  

The si t uat ion creat ed in t he medical  wor ld by t he 

discovery of  insul in was, I t hink, unprecedented...The 

necessi t y f or  expanded cl i ni cal  f aci l i t i es was 

immediat e and pressing.  Wi t h Prof essor  Graham 

di rect ing,  a cl inic was f ormed t o carry f ur t her  t he 

cl inical  invest igat ions,  wi t h Bant ing,  Flet cher and I 

t aking charge of  t he pat ient s.  We worked t oget her 

l i t eral ly night  and day and Professor Graham was not  

t he least  t ireless of  t he group. It  was absorbing work 

and each day someone in t he laborat ory or t he cl inic 

had a new fact  t o add – a new hypot hesis t o t est . The 

pool ing of  fact s and ideas was an import ant  element  

in t he rapid progress in both laboratory and cl inic...16 

The invest igators from Toronto University and TGH decided 
to present  the results of the successful clinical experience 

at  the meet ing of the Associat ion of American Physicians on 
May 3,  192220.  The general audience was impressed af t er 
the lecture given by Macleod. 

The Canadian team made a detailed presentat ion of nine 
cases of insulin-t reated diabet ic subj ects in a special issue 
of  the Journal of  Metabolic Research (Director,  F.M. Allen; 
Editor, FG Bant ing)21 (f ig. 3).

In the same issue of  the Journal of  Metabolic Research), 
Walt er R Campbel l  report ed careful cl inical observat ions 
of  the f irst  fourteen cases of  diabet ic coma t reated in the 
Medicine Clinic,  Toronto General Hospital (f ig.  3).  In one of 
t he report ed cases,  a woman wi t h glycosuria,  acet one 
odour and dyspnoea, ketoacidosis was complicated by a six 
mont h pregnancy.  Insul in was given subcut aneously and 
int ravenously at  high doses. Large amounts of ketones in in 
the urine were reduced to negligible values. Ketone bodies 
in blood also disappeared. Seven cases survived. Wit h t he 

except ion of  t wo pat ient s,  al l  t hose who have died have 

had an associat ed inf ect ion,  suf f icient ly severe t o resul t  

f at al l y apar t  f rom t he diabet ic condi t ion.  One of  t hese 

died f rom t he t oxic ef fect s of  a sloughing gangrenous foot  

t en days af t er  being brought  out  of  coma;  t hree had 

pneumonia and one,  pyemic abscess in t he kidney.  In al l  

but  one case, where perhaps insuf f icient  insul in was used, 

t he comat ose condi t i on was i mpr oved cl i ni cal l y and 

chemical ly.

In t he art icle,  Campbell provided an outstanding lesson 
about  t he t reat ment  of  diabet ic ket oacidosis,  which,  in 
many aspect s remains as val id t oday.  He point ed out  t he 
ext raordinary tolerance to insulin in coma, and the key role 
of water, insulin glucose, and alkali,  in the t reatment 22.

Figue 1 Bant ing et  al17.



18 Alberto de Leiva-Hidalgo et  al

Figure 2 Bant ing et  al17.

Figure 3 Fletcher et  al23.
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 Apparent l y,  t he ordinary carbohydrat e equivalent  

value of  t he insul in, as found in ot her pat ient s, bears 

no relat ion t o t he requirement  during severe acidosis 

and coma… l arge quant i t i es of  carbohydrat e are 

useful  in t he t reatment  of  coma wit h insul in for t hree 

reasons:  (1) i t  prevent s hypoglycaemia when large 

doses of  insul in are used; (2) i t  f urnishes energy and 

reduces t o a minimum t he incomplet e combust ion of  

f at  and prot ein,  and t hus l imi t s ket one product ion; 

(3) i t  ai ds i n t he combust i on of  ket ones al ready 

present  in t he blood and t issues. In t he severe cases, 

gl ucose may be gi ven i nt r avenousl y… Fl ui ds are 

val uabl e i n t he t r eat ment  as a vehi cl e f or 

carbohydrate, for promot ing diuresis and for rel ieving 

dehydrat ion.  Wat er,  brot hs and var ious f rui t  j uices 

may be used…The j udicious use of  alkal i may prove of  

value in some cases of  diabet ic coma. As a t herapeut ic 

measure, alkal i,  i f  necessary at  al l ,  should be given as 

early as possible, and… t he administ rat ion should be 

by t he vein… At  t he same t ime, t he harmful ef fect  of  

an overdose t o pat ient s not  real l y requi r ing alkal i  

must  be guarded against … One might  int roduce in al l  

cases 20 gm of  sodium bicarbonat e per  84 lb.  body 

weight  wit h safet y… Furt her amount s of  alkal i  might  

be i nt r oduced l at er  i f  chemi cal  evi dence of  i t s 

necessit y is obt ained. 

In general,  int ravenous insulin was more ef fect ive t han 
subcutaneous inj ect ion. Interest ing clinical observat ions are 
depict ed in t he art icle (The cl inical  point s on which t his 

requirement  for insul in should be based are: acet one odor 

on t he breat h;  prolonged or i r regular breat hing;  general  

evidence of  dehydrat ion – dry skin,  loss of  t issue t urgor, 

nausea, emaciat ion and, part icularly, a dry, glazed t ongue. 

A pat ient  wit h t ongue moist  at  t he edges is relat ively safe 

for several hours at  least -).

Pros and cons of the administ rat ion of sodium bicarbonate 
were discussed.  The administ rat ion of  20 g.  of  sodium 
bicarbonate per 84 lb of body weight  was considered safe. It  
was also argued that  large quant it ies of carbohydrate with 
insulin were useful in the t reatment  of  coma. Fluids were 
considered valuable for promot ing diuresis and rel ieving 
dehydrat ion, as well as a vehicle for carbohydrate22.

Final l y,  in t he November-December  issue of  t he 
Journal of  Met abol ic Research,  Almon Flet cher and 
Walter Campbell made an excellent  clinical descript ion 
of insulin-induced hypoglycaemia23:

… The init ial  symptom may be a feel ing of  nervousness 

or t remulousness,  somet imes a f eel ing of  excessive 

hunger,  at  ot her  t imes a f eel ing of  weakness or  a 

sense of  goneness… The react ion may go no f urt her 

t han t his… More usual l y i t  i s rapidl y f ol l owed by 

obj ect ive signs-most  f requent ly a sweat  which may be 

ver y pr of use;  pal l or  and f l ushi ng i s common; 

somet imes a change in t he pulse rat e… At  t imes t here 

is a f eel ing of  heat  or cold,  somet imes of  f aint ness.  

 

 

Some have complained of  vert igo; ot hers of  diplopia…

Much more severe manifest at ions are observed wit h 

f ur t her  l ower i ng of  t he bl ood sugar.  Mar ked 

excit ement , emot ional inst abil i t y, sensory and mot or 

aphasi a,  dysar t hr i a,  del i r i um,  di sor i ent at i on, 

conf usion… Syncope or  col l apse may occur,  rarel y 

going on t o a st at e of  unconsciousness… Bradycardia 

has occur red… loss of  sphinct er  cont rol… When a 

single dose of  insul in is given t here occurs a fal l  in t he 

blood sugar percent age which reaches a low point , 

somet imes as early as two hours, somet imes as lat e as 

t welve af t er t he administ rat ion, and t ends t o ret urn 

t o t he original level at  a variable rat e (f ig. 3). 

They observed severe react ions with a blood sugar of  60 
mg/ dL; a blood sugar of 35 mg/ dL was usually accompanied 
by unconsciousness. The administ rat ion of glucose brought  
t he pat ient s out  of  hypoglycaemia.  Dif ferent  t reat ment s 
were t est ed:  glucose (5-20 g),  orange j uice,  when t he 
pat ient  can swallow; epinephrine (1/ 1000 sol., 1 ml), when 
the pat ient  is unconscious. 

In t he last  paragraph of  t he document ,  t he aut hors 
i ndi cat ed t hat  wi t h t he aver age sever e di abet i c, 

hypoglycaemia has not  present ed a ser ious problem, but  

special  nursing precaut ions may wel l  be t aken i f  insul in is 

administered late in t he day, t o guard against  t he possibil it y 

of  a fat al  react ion occurring during sleep23.

In the University of Toronto, Best  was placed in charge 
of Connaught ’s Laboratory for insulin manufacturing; 
Macleod and Collip to the Carnegie Corporat ion with a 
Gr ant  t o pur sue exper i ment al  r esear ch and 
development  at  t he Marine Biological St at ion in St . 
Andrew’s,  New Brunswick,  conduct ed personal ly by 
Macleod, and at  the University of Alberta by Collip. An 
ad hoc Commit tee at  the University of Toronto decided 
that  Bant ing would have a university appointment  and 
facilit ies shared with Graham, Campbell and Fletcher 
at  the Toronto General Hospital.

Other early clinical cases reported in the ISA 
and Canada-USA

CC Sut ter and JR Murlin published a case report  of an 
adult  severe diabet ic subj ect  admit ted with ketosis at  
the Rochester General Hospital (July 1922) and t reated 
with a pancreat ic ext ract , able to reduce blood sugar, 
urine sugar,  and ket one bodies,  af t er subcut aneous 
administ rat ion10,24.  Murlin applied for a patent  on his 
ant idiabet ic pancreat ic ext ract  in July 1923 (f inal ly 
granted in 1925).

In many centers in USA, prominent  diabetologist s were 
at tending dying diabet ic pat ients in their clinics. Therefore, 
the University of Toronto and Eli Lilly agreed that  a selected 
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group of  physicians and inst i t ut ions would be given t he 
ext ract  as soon as it  became available; Macleod sent  them 
det ai ls of  t he met hod,  asking t hem not  t o divulge t he 
procedure t o t hose wit h t he int ent ion of  producing t he 
ext ract  commercially.

Insulin manufacture was at tempted by various specialists; 
among them Dr. Frederick M. Allen of the Rockefeller Inst itute 
of  Medical Research in Morristown, New Jersey;  H.  Rawle 
Geyelin of Columbia University Presbyterian Hospital in New 
York; Elliot  P. Joslin of Boston; Russell M. Wilder of the Mayo 
Clinic in Rochester,  Minnesota; J.R. Will iams of  Rochester, 
New York; Roland T. Woodyat t  of Chicago; William D. Sansum 
of the Pot ter Metabolic Clinic, Santa Barbara, California.

Leonard Thompson,  t he f i rst  pat ient  t reat ed wit h 
insul in at  t he age of  14,  died at  t he age of  27.  He 
worked as an assistant  in a drug and chemicals factory. 
He was never a well-cont rolled pat ient , inj ect ing daily 
an average of  85 uni t s of  insul in.  In 1932 he was 
admit ted again at  Toronto General Hospital in diabet ic 
coma.  In his f inal  i l l ness he suf f ered inf l uenza, 
f ol l owed by pneumoni a combi ned wi t h severe 
ket oacidosis.  The aut opsy revealed a smal l  and 
at rophied pancreas,  wi t h onl y a f ew i sl et s.  His 
pancreas is displayed in the anatomical museum at  the 
Bant ing Inst itute. 

 
 
The fol lowing t wo phot os were t aken of  John L,  a 
pat ient  of  Dr.  H.R.Geyel in,  before and af t er insul in 
been administered.

Dr.  Joseph Gi lchrist ,  physician and pat ient ,  was a 
classmate of Frederick Bant ing. 

James D. Havens, the son of an important  execut ive of 
Eastman Kodak, was the first  pat ient treated with insulin 
in USA. His personal physician was Dr. John R. Williams in 
the city of Rochester, under the supervision of Bant ing 
(Havens became a member of the Nat ional Academy of 
Arts; he died in 1960, due to colon cancer). 

Elizabeth Hughes, daughter of  Charles E. Hughes, US 
Secretary of  State.  Elizabeth. Hughes was successful 
in raising 3 children,  al l  born by caesarean sect ion. 
She was physically act ive and t ravelled a lot . She died 
suddenly af ter a myocardial infarct ion, at  the age of 
74, after being diabet ic for 60 years.

The last  2 photos appeared in JAMA,  they were taken 
on December  15,  1922,  bef ore ini t iat ing insul in 
t reatment  (the 3 year-old child’s weight  was 15 pounds 
(7 Kg), and on February 15, 1923, with a new weight  of 
29 pounds (13 Kg) (f ig. 4).

 

Figure 4 Compiled group of photographs of various pat ients successfully t reated at  the early insulin period.
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Dr.  Nat haniel  Bowdi t ch Pot t er  (1869-1919) was 
considered one of most  relevant  experts in Metabolic 
Medicine. Init ial ly he worked in New York,  becoming 
Professor of Clinical Medicine at  Columbia University, 
and Chief of the Medical Division of St . Mark’s Hospital.  
At  the age of 47, he was diagnosed with diabetes, and 
deve l oped  k i dney  d i sease ,  car d i ovascu l ar 
atherosclerot ic disease, and pulmonary tuberculosis. 
In 1917,  Dr.  Pot t er became a member of  t he senior 
staff of Cot tage Hospital at  Santa Barbara, CA, and the 
Director of a new Metabolic Clinic, integrated into the 
facil it ies of  Cot tage Hospit al.  In 1919,  G.  O.  Knapp, 
f ounder  of  Union Carbide;  CKG Bi l l i ngs,  a high 
execut ive of Union Carbide; and F.F. Peabody of Cluet t ,  
Peabody & Company,  made it  possible t o inaugurate 
t he Pot t er  Met abol i c Wing at  Cot t age Hospi t al ,  
equipped wit h t he f inest  laborat ory and cl inic for 
research work in Medicine.  Unfort unat ely,  in June 
1919, Dr. Pot ter’s disease progressed to diabet ic coma 
which caused his death on July 5,  1919. The Medical 
Direct or of  Sant a Barbara Cot t age Hospi t al ,  G.O. 
Knapp, following the recommendat ion of the Chief of 
St af f  (Dr.  Frankl in R.  Nuzum,  previously a close 
associate of Dr. Woodyat t ,  at  Rush Medical College in 
Chicago),  requested an interview with Dr.  Will iam D. 
Sansum to offer him the post  of Director of the Pot ter 
Metabolic Wing.

William David Sansum was born on September 25, 1880 in 
Baraboo,  Wisconsin.  He was t he t hird child in a family of 
four boys and four gir ls.  His parent s were Engl ish,  who 
emigrat ed t o USA.  Sansum enrol led in t he Universi t y of 
Wisconsin in 1910,  where he t ook his Bachelor of  Science 
degree in 1912. At  the age of 32, was admit ted to the Rush 
Medical  Col lege in Chicago.  At  t he age of  35,  Sansum 
received the degree of  medical doctor.  His doctoral thesis 
was ent it led «Studies on the Theory of  Diabetes Mellit us». 
He then became an intern at  t he Presbyterian Hospit al in 
Chicago under Dr. Roland T. Woodyat t , specialist  in metabolic 
research.  He cont inued as j unior and t hen senior st af f  at  
Rush, being very act ive clinically and academically. 

On Sept ember 25,  1920,  at  t he age of  40,  Wi l l iam D. 
Sansum, received a let t er f rom George Own Knapp, Santa 
Barbara,  Cal i f ornia,  t he mul t imi l l ionaire president  and 
founder of the Union Carbide Company, offering him, in his 
capaci t y of  member of  t he Board of  t he Sant a Barbara 
Cot t age Hospit al ,  t o become t he direct or of  t he Pot t er 
Met abol ic Cl inic,  equipped wi t h out st anding research 
facilit ies. Sansum accepted.

Dr. Norman R. Blatherwick was in charge of the laboratory; 
Loyal C.  Maxwell was the Laboratory Technician.  Sansum, 
Blat herwick and Maxwell  decided t o manufact ure insul in 
from beef, hog, and sheep pancreas, start ing on April 1922, 
using Bant ing and Best ’s techniques. Dr.  Sansum would get  
help from R.N. Gehl, a leading meat  seller who provided the 
Pot t er Metabol ic Unit  wit h beef  pancreas f ree of  charge. 
The scient ist  at  the laboratory proceeded with an alcoholic 
ext ract ,  f ol lowed by f i l t er ing and concent rat ion of  t he 
aqueous phase by vacuum dist il lat ion at  low temperature; 
t he concent rated solut ion was chil led,  and fat t y material 

f i l t ered out ;  t he f i l t rat e was t hen t reat ed wit h sodium 
chloride, and insulin precipitated; then, the pH was adjusted 
t o 2.5,  and a new precipit at ion generat ed wit h alcohol ; 
after another alcohol wash, the ext ract  was f inally dissolved 
in dist illed water. The potency of the ext ract  was est imated 
by comparison with a standard sample provided by Toronto 
Universit y.  The early yields cont ained no more t han 500 
units of insulin per pound of pancreas t issue.

Dr. Sansum had under his care 7 diabet ic pat ients beyond 
hope of  survival.  The second pat ient  t o receive insul in in 
USA was Charles E.  Cowan,  a 51 year old pat ient  f rom 
Anaheim with severe diabetes developed in 1918, following 
a bad case of  Spanish inf luenza.  His physician was Dr. 
William David Sansum of the Pot ter Metabolic Clinic in Santa 
Barbara, California.  Cowan was inj ected on May 31, 1922, 
with three cubic cent imetres of a potent  pancreat ic ext ract , 
developed by t he Pot t er group («Santa Barbara insul in»), 
j ust  t en days af t er  t he Canadi an-made i nsul i n was 
administered to James Haven at  the off ice of his physician, 
Dr. John R. Will iams in Rochester.  Cowan had been already 
hospitalized in Santa Barbara for 6 months, t reated with an 
850-calorie diet ;  his weight  was 95 pounds (43 Kg). On the 
third day after the f irst  dose, glycosuria became negat ive. 
One year af t er t he f i rst  inj ect ion,  Cowan’s weight  was  
125 pounds (57 Kg),  and he maintained a diet  wit h 2,400 
calories.  Cowan cont inued on insul in for t he remaining  
39 years of  his l ife.  For many years,  his insulin t reatment  
was kept  st eady at  40 uni t s of  U-80 NPH insul in before 
breakfast , and, occasionally, 5 units of regular insulin before 
one of  t he meals.  He was 90 years old when he died at  
Anaheim on February 10,  1958;  he did not  suf fer ret inal 
disease,  kidney f ai l ure,  neuropat hy,  hyper t ension or 
ischemic foot .

The f i rst  case of  j uveni le-onset  diabet es,  t reat ed by  
Dr.  Sansum,  was Carl  Klass,  a boy f rom San Dimas,  who 
became sugar free in collected urine within 24 hours after 
the f irst  «Santa Barbara insulin» administ rat ion. Then insulin 
was maintained associated to a normal diet . The boy gained 
weight  at  the rate of half a pound (250 g) per day in the f irst  
weeks, looking like a normal happy child in two months.

Dr. Sansum submit ted a report  to Prof. Macleod in Toronto, 
with the details of  the f irst  20 diabet ic subj ects t reated in 
Santa Barbara. Macleod replied advancing the last  f indings 
in his lab regarding improvements in the technical product ion 
of  insul in.  When Sant a Barbara Hospit al  Superint endent  
asked Sansum’s permission t o bil l  pat ient s for insul in,  his 
answer  was «Never -so l ong as i t  i s cl assi f i ed as an 
experimental drug». In fact , Sansum paid over $1,400 from 
his own pocket  t o pay for f ree insulin administered to his 
pat i ent s.  Addi t i onal  equi pment  was acqui r ed f or 
manufacturing of insulin, including copper dist il lat ion st il ls 
and a large press. 

Dr. Sansum was also a pioneer in the f ield health educat ion 
for diabet ic pat ients. Start ing in 1922, a program of diabetes 
educat ion was implemented at  Pot ter Metabolic Unit , and a 
handbook was provided to inst ructed pat ients, along with a 
hypodermic syringe and a supply of insulin at  home for some 
t ime.

Af t er visit ing Santa Barbara in t he summer of  1922,  Dr. 
Henry S.  Prit chet t ,  President  of  t he Carnegie Corporat ion 
convinced t he members of  t he Execut ive Board of  t he 
Company t o provide a cash gif t  of  $15,000 t o t he Pot t er 
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Met abol ic Uni t  f or fut ure development s.  The improved 
eff iciency allowed unlimited supply of insulin, for the local 
needs, and to reduce the daily cost  of insulin per pat ient  in 
Santa Barbara from $100 to less than $20, before the end of 
1923.

The Carnegie Corporat ion support  helped to increase the 
staff  members working at  the laboratory. The Pot ter Clinic 
became overloaded with diabet ic men, women and children 
to be admit ted and receive insulin t reatment .  Dr.  Sansum 
fel t  obl iged t o accept  only cases when diabet es coma 
appeared imminent .  The insul in manufact ure at  Pot t er 
laborat ory operat ed day and night ,  including Sunday.  On 
March 1, 1923, the Pot ter Metabolic Clinic announced that  
although the fundamental principle of Dr. Sansum was that  
no one would ever be t urned away for lack of  money t o pay 

for t reatment , the Clinic was not  in the situat ion to cont inue 
supplying f ree insul in,  wit h t he except ion of  t he needy 
people. The annual budget  of the Clinic was $40,000 but  the 
expenses were $60,000. Therefore, from now on the Clinic 
would charge for it s experimental insul in at  t he rate of  3 
cents per unit .  At  that  t ime, Lilly insulin cost  was 5 cents a 
uni t .  By t he end of  1923,  insul in product ion at  Pot t er’s 
research lab was of fering unl imit ed supply.  The cost  of 
manufacturing had been drast ically reduced, and the quality 
of insulin had also improved25 (f ig. 5).

Frederick M. Allen and Elliot P. Joslin:  
First insulin treated patients

The earl iest  large cl inical  t rials wit h insul in in USA were 
carried out  by Joslin, Allen, and Woodyat t 26-29.

Frederick Madison Al len (1874-1964) was born in Iowa. 
Studied Medicine in California. Later, he worked at  Harvard 

University and the Rockefeller Inst itute. On April,  1921, he 
opened the Physiat ric Inst itute in Morristown, New Jersey. 
Al ong wi t h El l i ot  Josl i n,  he was one of  t he l eading 
diabetologists. Before insulin, Allen became famous through 
his diet  t reat ment  of  diabet es,  consist ing of  a drast ic 
reduct ion of calories, part icularly,  carbohydrate intake (as 
low as 8% of  t ot al  calories).  This t reat ment  reduced t he 
incidence of glycosuria and prolonged life for a few years. 

Al len visi t ed Toront o before st art ing t o use insul in in 
Morristown. In August  1922, Allen administered insulin to six 
severe pat i ent s.  On August  16,  he wrot e t o Bant ing 
expressing his enthusiasm after observing the disappearance 
of hyperglycaemia, glycosuria and ketonuria, and improved 
wel l -being.  One of  his desperat e cases was El izabet h 
Hughes. Allen decided, following the wishes of her family, to 
bring Elizabeth (15 years old) to Toronto. At  the end of her 
f irst  2 weeks of  insulin t herapy,  Elizabeth was fol lowing a 
normal diet  of  2,200 calories;  f ive weeks af t er arriving in 
Toronto,  El izabeth had gained over 10 pounds (4.5 Kg);  a 
few months later she had also increased her height .

Allen gave insulin to 161 diabet ic pat ients in the f irst  year 
of clinical t rials.

In addi t ion t o Al len and Josl in,  t he leading group of 
clinicians involved in early clinical t rials with insulin in USA 
included Dr.  H.  Rawle Geyel in of  New York Cit y;  John R 
Wil l iams f rom Rochester,  New York,  who t reated t he f irst  
pat ient  in USA with insulin,  Jim Havens; Dr.  Russell Wilder 
from the Mayo Clinic, and Dr. Rollin T. Woodyat t , who worked 
at  the Presbyterian Hospital in Chicago. 

Dr.  Ell iot  Proctor Joslin (1869-1962) was born in Oxford, 
Massachuset ts, on the sixth of June, 1869. His father, Allen, 
was a part ner in t he Josl in Shoe Factory,  and his mother, 
Sarah Proctor, was related to the founders of the corporate 
giant  Proctor and Gamble.  He at t ended Yale College,  and 

Figure 5 A. Will iam D. Sansum, MD in 1920 (1880-1948).  B. The Pot ter Metabolic Clinic in 1920. Courtesy of  Dr.  Lois Jovanovic, 

Chief Oficer, Sansum Diabetes Research Foundation.
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f inal ly Bost on in t he Medical  School  at  Harvard.  Josl in 
became interested in diabetes while at tending Yale, when 
his aunt  developed the disease. 

Joslin embarked for the great  medical clinics of Germany 
and Aust ria,  f rom Freiburg t o Vienna and back t o Berl in. 
Upon returning home in the summer of  1897, he served as 
an intern at  the Massachuset ts General Hospital for a year, 
and j oined t he st af f  of  t he Bost on Cit y Hospit al  and t he 
recent ly founded New England Deaconess Hospital (NEDH), 
and worked part -t ime in t he Boston Dispensary.  He was a 
man imbued with Protestant  morals and socially progressive 
ideas. Joslin began his private pract ice in Boston in 1898, at  
t he age of  29 (f ig.  6).  In 1899 his 60 year old mother also 
became his pat ient ; she died in 1913, at  the age of 74.

In 1908, cooperat ing with physiologist  Francis G. Benedict , 
Josl in intensively invest igated the ef fect  of  carbohydrate 
and calorie rest ricted diets in diabet ic pat ients admit ted to 
t he New England Deaconess Hospit al.  His monograph The 

t reat ment  of  Diabet es Mel l i t us (1916) included t he main 
f indings from 1,000 cases; Joslin observed a 20% reduct ion 
in mortal it y wit h t he combinat ion of  diabetes educat ion, 
diet  and exercise. In 1918 he published the f irst  edit ion of 
Diabet ic Manual- for t he Doctor and Pat ient ,  the pioneering 
pat ient  handbook; there have been 14 edit ions; it s current  
version is publ ished by t he Josl in Diabetes Center as The 

Josl in Guide t o Diabetes.  
Elizabeth Mudge was the f irst  insulin-t reated pat ient  by 

Ell iot t  P. Joslin (f ig.  7).  She received the f irst  inj ect ion on 
August  7, 1922. Elizabeth was a nurse and her diabetes was 
diagnosed in July 1917. Under Joslin’s care, she lost  weight , 
so that  by August  1922 she weighed 71 pounds (32 Kg). Elliot  

Figure 6 Elliot  P. Joslin (1869-1962). Figure 7 Elizabeth Mudge, RN. She received the irst insulin 
inj ect ion given in New England (USA), in 1922.

P. Joslin received the f irst  insulin supply on August  6, 1922. 
He fel t  t oo nervous t o make t he f i rst  inj ect ion himsel f ;  
t heref ore,  he asked his associat e Dr.  Howard Root  t o 
administer the f irst  dose to Miss Mudge, a 42 year-old former 
nurse, and now an invalid. Six weeks after receiving insulin 
dai ly,  she was able t o walk f our mi les a day.  A simi lar 
experience was the case of Dorothy Z., a 5-year old girl who 
could not  climb stairs before insulin t reatment ; and also the 
case of  Annie N,  a Finnish chi ld who af t er t wo days of 
t reatment  played and would not  stay in bed.

Josl in real ized t hat  insul in meant  t he end of  an era in 
diabet es hi st ory,  but ,  unf or t unat el y,  not  t he end of 
diabetes30.  Joslin created the Diabetes Teaching Unit , where 
he st art ed t he whole educat ional aspect  of  diabet es.  He 
was the f irst  physician to have diabetes teaching nurses to 
visit ,  t reat  and educat e diabet ic children at  t heir homes 
and to develop special care for diabet ic children at  summer 
camps (f ig. 8).

First European cases of insulin treatment

Romania (N.C. Paulescu)

In Bucharest, Paulescu intensively engaged himself in purifying 
the pancreat ic ext ract ;  in addit ion, he carried out  l imited 
cl inical  experiment s.  Under t he successive inf luence of 
hydrochloric acid and caustic soda, he obtained a clear aqueous 
pancreat ic ext ract ,  with a lower protein content .  He also 
observed that  96% ethanol part ly precipitated the proteins of 
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the extract ; he then evaporated the alcohol of the extract  at  
low temperature over 50ºC and destroyed the act ive ingredient  
of the ext ract , which later reconst ituted with physiological 
saline21. He was afraid of using the parenteral delivery of the 
pancreat ic extract  in diabet ic subjects, because of previously 
observed side effects; therefore, he used (without success) the 
administ rat ion of the pancreat ic ext ract  by an enema in two 
clinical observat ions (one case of slim diabetes in a 43-year-
old man, on February 25, 1922, and several t imes afterwards, 
and another case of fat  diabetes in a 52-year-old woman, on 
March 3)32.The observed result s led him t o t he fol lowing 
conclusions13:

Treatment of human diabetes (N.C. Paulescu, 1922)

The int roduct ion int o t he organism of  a diabet ic 
pat ient  of  a pancreat ic ext ract ,  rendered f ree f rom 
proteins using acids and alkalis, using the int ravenous 

rout e, must  certainly be very ef f icient  in at tenuat ing 
or temporary suppressing metabolic emergencies. But  
t his administ rat ion det ermines t he appearance of 
bout s of  fever, which make it  inapplicable in medical 
pract ice.  The int roduct ion of  t his ext ract  using t he 
subcut aneous rout e,  must  also be ef f icient .  But  i t  
produces fever and somet imes abscesses…

The int roduct ion of an aqueous pancreat ic ext ract  via 
the oral or intest inal (enemas) route is not  ef f icacious. 

However,  t his kind of  t reatment ,  repeated for many 
t imes, appears to produce in t ime, a signif icant  fall in 
the level of urinary glucose.

Spain

In his book The Discovery of  Insul in,  Michael Bliss pointed 
out  that ,  with the except ion of  t he pioneer experience of 
Georg. Zuelzer, the f irst  European to use insulin was Dr. R. 

Figure 8 Dr.  El l iot  P.  Josl in,  pioneer of  pat ient  educat ion, 

self-care and empowerment .

Figure 9 Rossend Carrasco-Formiguera int roduced insul in 

t reatment  in Europe.

Carrasco-Formiguera, who spent  one year at  the Department  
of  Physiology, directed by Professor B. Cannon, in Harvard 
(1921-1922).  He was present  in New Haven when Bant ing 
made his f irst  presentat ion on pancreat ic ext racts33.  

In September 1922, Carrasco-Formiguera and his associate, 
Dr.  Pere Gonzál ez,  were abl e t o produce an impure 
pancreat ic ext ract  cont aining insul in in t he Municipal 
Laborat ory of  Barcelona.  They used dogs and rabbit s as 
experimental animals34.

On October 3, 1922, Carrasco (f ig. 9) administered 10 ml. 
of  t he ext ract  t o t he pat ient  Francesc Pons.  Alt hough the 
result s of  t his experiment  were posit ive,  t he pat ient  died 
when no addit ional ext ract  was available. Finally, Carrasco 
was able t o t reat  ot her pat ient s when he undert ook t o 
supervise t he manufact ure and dist ribut ion of  insul in in 
Spain35,36.  No other Europeans were in the condit ion to use 
insulin unt il 1923. In a document  published in 1924, Carrasco 
explained that  at  the end of 1923 he had already t reated 80 
diabet ic pat ient s wit h insul in36;  in 22 of  t hem,  surgical 
complicat ions were associated (f ig. 10). 

England

In June 1922,  JJR Macleod asked t he Medical  Research 
Council (MRC) of England to accept  the donat ion, from the 
Universit y of Toronto, of the complete rights to the patent  
of pancreat ic ext racts33.  The MRC appeared scept ical about  
the miracle of insulin. Drs. Henry H. Dale and Harold Dudley 
visi t ed Toront o in Sept ember 2002,  as wel l  as El i  Li l l y 
headquarters in Indianapolis and several American Hospitals. 
Af t er t heir ret urn,  t hey report ed t o t he MRC wit h high 
enthusiasm and recommended to accept  the cont rol of the 
Brit ish patent . Clinical t rials started in England in the month 
of  December,  1922.  Approximat ely 50 diabet ic pat ient s 
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received insulin in Britain in the winter of 1922-2333.  One of 
t he f i rst  people in England t o receive insul in was t he 
Treasurer of  t he Royal College of  Physicians of  Edinburgh, 
Norman Purvis Walker (1862-1942),  who would become 
President  of  bot h t his Col lege and t he General  Medical 
Council.  In April,  1932, the supplies of  Lil ly and Burroughs 
Wel lcome made insul in available t o most  insul in-t reat ed 
pat ients in England.

Scandinavia

Torsten Deckert  wrote that  insulin came to Denmark thanks 
to Birthe Marie Krogh (1874-1943), the wife of August  Krogh. 
She was a physician,  and became a Doct or  of  Medical 
Sciences in 191438.

Schack August  Steenberg Krogh received the Nobel Prize 
in 1920. He was invited to lecture at  the Mayo Clinic,  Johns 
Hopkins,  and several  ot her  universi t ies in USA.  Mar ie 
developed diabetes,  probably diagnosed in 1921. Dr.  Hans 
Christ ian Hagedorn accept ed her care.  He prescribed a 
starvat ion diet ,  and glycosuria disappeared. In September 
1922,  August  and Marie Krogh went  t o USA,  arr iving in 
Bost on.  El l iot t  P.  Josl in t old t hem he was conduct ing 
cl inical experiments wit h an insulin preparat ion provided 
by the Universit y of  Toronto. Marie and August  were guests 
at  JJR Macleod’s home on November 23-25, 1922. With the 
assist ance of  Macleod,  Krogh was able t o negot iat e an 
agreement  with the Governors of  the Universit y of  Toronto 
t o produce and use insul in in Scandinavia.  Immediat ely, 
af t er  ret urning t o Copenhagen,  Krogh and Hagedorn 
decided t o work as a t eam. Hagedorn would produce t he 
pancreat ic ext racts f rom pancreas of  cat t le and f ish in his 
privat e laborat ory;  Krogh would measure t he biological 
act ivit y of the ext racts in the Laboratory of Zoo physiology. 
On December 21, they achieved an act ive preparat ion from 
ox pancreas,  successf ul l y t est ed in rabbi t s.  They also 
developed a new standardisat ion method for insulin,  using 
mice as experiment al  animals.  Before t he end of  1922 
Kr ogh and Hagedor n r eached an agr eement  f or 
manufact uring insul in in Denmark wit h August  Kongst ed, 
the owner of  Lovens Kemisk Fabrik38.  Kongsted decided to 
be responsible for the expenses related to the experiments, 

product ion and dist ribut ion;  once an insul in market  was 
creat ed,  he would claim t o cover al l  expenses but  would 
not  ask f or  any prof i t  f rom sales t o t he Scandinavian 
count ries.  One condit ion was t he Loven t rademark (l ion, 
Leo in Lat in) t o be displayed on t he ampoules.  Hagedorn 
and Krogh carr ied out  t he exper iment al  work wi t hout  
payment .  Therefore,  at  t he end of  1923,  t he price of  100 
units of insulin in the USA was 4 kroner; 3.5 in England, and 
2.5 in Denmark38.

A signif icant  advance was t he achievement  by George 
Walden,  El i Lil ly’s f irst  Chemist ,  t hat  t he precipit at ion of 
i nsul i n at  i t s i soel ect r i c point  yi el ded a met hod of 
purif icat ion by isoelect ric fract ionat ion which allowed large-
scale product ion of  insul in.  Therefore,  early in 1923 t he 
supply of insulin was adequate to meet  the requirements of 
many inst itut ions selected for its clinical use39.  The purity of 
insulin was increased, and the durat ion of insulin solut ions 
great l y improved,  t hese advances were immediat el y 
incorporated by the Danish invest igators.

In the morning on March 13, 1923, the f irst  subcutaneous 
inj ect ion of insulin was given to a diabet ic pat ient  admit ted 
with diabet ic coma in the Municipal Hospital of Copenhagen, 
under the responsibilit y of the Consultant , Dr. Sophus Bang. 
After administering several doses, the blood sugar fell from 
740 mg/ dL to 390, the Kussmaul respirat ion stopped and the 
consciousness recovered.  Never t hel ess,  t he pat i ent  
developed heart  failure in the afternoon and died during the 
night .  In t he mont h of  Apri l ,  seven severe pat ient s were 
successfully put  on insulin. Hagedorn presented a report  on 
these clinical experiences to the Danish Society for Internal 
Medicine on June 23,  and t o t he 11t h Nordic Congress for 
Internal Medicine in July. In May 1923, Krogh, Hagedorn and 
Kongsted created the Nordisk Insulinlaboratorium, ready to 
make insul in avai lable t o Scandinavian Cent ers,  wit h no 
more limitat ions on supplies38.  

Germany and France

In Germany,  t he ef fect s of  t he war,  and t he uncont rol led 
inf lat ion delayed the manufacturing of insulin unt il 1924. In 
France,  t he sit uat ion was equally inadequate in 1922 and 
1923.

Figure 10 Rossend Carrasco-Formiguera, at  the end of 1923 had already t reated 80 diabet ic pat ients with insulin.
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