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Courtezy of Dr. Fred Higwell

FREDERICK GRANT BANTING, K.B.E.

1891—1941

Surgean and physician, an ilfustrious scientist,

g Pl } s

a noble gentleman, and a brave soldier.

By kiz discovery of fnsulin with Charles . Best,

ke made possible the control of a disease thas had been

a scourge of mankind for a thousand years.

. o« through the years since 194t the memorials 1o Banting
have grown and mudtiplied. The mose imporcane of these
are not the institutions and lectures and buildings and
foundations end ships and other cangthle memortals which
bear kis name, but the miracles thar ke

every day throughout the world—rhe miracles

of human beings brought dack to health and

J!I'J‘ﬂﬂ l& Iﬂ}ﬂ!’iﬂ-”'

*Spars Hasss, Banting's Mivsce




CHARLES HERBERT BEST, C.B.E.

1899-

Codiscaverer of Jfnsulin with Banting; eminent physiologise

and coauthor of several texts on physiology; 0 .';-rjc)r Canadx in

World War {; Surgeon Captain and Director, Royal Canadian

Navy Medical Res b Division, World War IT; Director, Banting
and Best Departmen: of Medical Research, and Professor of Phys-
r:-r'ngy. Lty r.u'r_v .u_f'?:mn.'.'n.- D.5e., 1928; F.R.S. (London), 1938;
Commander of the Order of the British Empire, 10.48; Baly Medulise,
Koyal C of Physicians, Fny | for distingrished servi
physiology; vhe only person to receive botk the Elfen and Charles Mickie
f’;‘ﬁ"w!'o’ﬁl’:pr, n FELY ::,r' rrarr.l.u."u, i far rJf."mr:.rl'_l,rm."rw

OF MRS 3 of the Snsmdin p:rai"."rm, and ather studies leading

to discovery of the enpyme Kistaminase, the

and the use of keparin in prevention of thrombosis,




Down through the pages of history there emerges from obseuri ty now and
then an individual who, without the benefit of long training and elaborate in-
stitutional facilities, projec a which in time influences th
man. For example, in the sixteenth century a young English clergyman, Wil-
liam Lee, distressed by the long arduous toil of the housewife in knitting the

i gned a machis ingers of woman in this
laborious task. This was the first attempt 1o relieve the drudgery of hand
labor by machinery. Lee laid the carnerstone of the modern industrial age.

Moare familiar is Sir Isaac Newton, born of humble parentage in the sev-
enteenthcentury. At the age of twenty-three, Newton wrote an original trea-
tise on mathematics known today as differential and integral caleulus and
laid the foundation for the modern sciences of chemistry and physics with
their vast and unpredictable implicatio :

Today we honor the memory of Frederick Grant Banting. By his dis
covery of Insulin he made possible the control of a disease had been
a scourge of m £ a thousand years. But he did more. To medical

ghout the world he gave an impetus that has proved most
productive. Banting's biography is now well known. On this cccasion, let
us consider his fine qualities of mind and heart. Foremost of these were loy-
alty and curicsity.

I.uya]:_\.' iz that sacred r|::u|i|}l of character which binds one dcc(llq;il\;‘ 1oa
waorthy cause, be it friendship, patriotism, or the search for truth. Curiosity
is that eager concern which prompts one to explore the darkness of the un-
known in the quest of light. That fortunate individual who is blessed with
these attributes seeks little other reward than the infinite satisfaction of ac!
ment. Loyalty and curiosity are foundation stones of success, be it in busin
or in scienti = ¢ were strikingly evident in Banting’s character,

He was loyal to the friends of his humbler days, These never forgot even

when his fame became world-wide. He was loyal to his Alma Mater, to whom he
;_;:g-.-g-t]u luable patent ri his of his discovery for the promotion of research,
This loyalty is further illustrated by an episode which I had the privilege
of witnessing. In May, 1922, when Banting was but little known and his dis-
covery of Insulin not yet wholly accepted or appreciated, he visited Roches-
ter. He shared with me his anxieties and difficulties, and they were many.
Debt and lack of means for the research which he hoped to continue hung
heavily over him. We were at a luncheon as guests of the late George East-
n, founder of the Kodak Company and benefactor of many cultural and
anitarian institutions. Mr. Eastman, way, had heard of
Banting’s distressing ]J.'I)l}l['rlh and tactfully offered him a sum of money
adequate 10 equip and operate a research laboratory provided he would af-
ate with the new L ity of Rochester Medical School, in which Mr.
Eastman was much interested. Banting promptly declined with thanks, stat-
ing that his duty was to his own country and that it was his greatest desire to
see Canada take its place in the field of scientific research. Mr. Eastman was
deeply moved by this reaction and, turning to me, said, “Ifever one deserved

a halo, this young man does.”
He was also loyal to his country in the throes of war and to his comrades-

arms, as evidenced at the battle of Cambrai in 1918; although seriously

vjured himself, he remained on dutyat grave risk to his own life, tendir
wounded and dying all day and far into the night, Finally, and most impor-
tant was the fine loyalty to his associates, with whom he ever insisted on
sharing full credit for the : lishments of his laborator
Curiosity was another of his praiseworthy characteristics. This was in-
satiable. He rarely was satisfied with usually accepted explanations as, for ex-
;:||1]1i-;J those concerning the problem of cancer and the cause of death in




drowning, sudden death in heart dises nd black of ors. Indesd, it

was while engaged in this [ast piece o ation in the service of his coun-

try that he lost his life. Thess are but a few and in the field of medicine.
is curiosi i scope. He was intrigued

and by 1 pti al effects of

vws of the frozen North which he delig \:J to reproduce

in uﬂs Far afield from these, the principles involved in dy and detec-

tion of crime interested him greatly. Once when in New Yorl rn!_{n':hur. we
spent several exciting hours in the o f s expert ex-
!:|1| ing this fascinating subject and examining the protocols of seme of the
famous crir 1 cases of recent history. Banting had the mental equipment
of a Sherlock Holmes. To a high degree he combined logical deduction with
scientific experiment.

Late one evening, shortly after the announcement of y
Insulin, Banting |r_cuu_t’ an urgent phone call from a Toronto hotel. An
anxiows voice with a foreign accent demanded his services immediately. Ex-

ions that he did not practice medicine failed to satisfy or "‘nl.lf.lL:f_' the
distressed patient. It so happened
able at that hour; piqued by curiosity as to the idenl
of the alarmed Stranger, he \.|||-|I1u'l'{'d o LJ'\ € e
proved to be an upu_rn'. ban seter from o C
He had a long and fantastic history of bouts of i

The doctors of his na land, the s

none of Banting

ts of Paris had studied, pondered, and dis
patient continued to suffer. He had returned ||unc and was

led with despair. Then one day there was flashed across the world the news
of the wonderful (|ix|;nu,-rc of Insulin. Here at last was 'r|:||3|_-, Urgent cable-
grams and energetic New ‘|c gents soon had an ampoule of the precio
medicine at his bedside. =3 jous doctor felt that speedy and he
freatment was im ive, jected the entire contents of the ampoule at
one dose. The result in a few minutes was both startling and vielent—a
severe Insulin reaction.

In most hotels there will be found an all-wise mind who || s all the
swers. In this hotel, the home of the patient, L]:r geniu ility was
the porter. Wheniit L nt that the i | survive, the porter
ventured that he knew the famous Dr. Ba ing, the rlm overer of the o
ulous remedy, and that he had worked as an
Hospital. So 1 all the speed f travel, th Wy 2 o sick man
hastened to Toronto and lost no time in contacting the great doctor,

Something about his appearance aroused the investigative instinct of the
young sci ntist. A sample of u 5 hueried trip was made to
1||v laboratory and |1._L». agrain to th . c; more (|uu~[mn> were asked;
then a dr: ": sis Wi ¢ and a conclusion was reached. Banting's
inquiry re
were temporarily relieved by quinine but were always followed by severe
muscle pains. These were cc lled by a medi cribed by the hotel
||I'IJL. clerk: next in Sequence was westionable diapnosis of diabetes. The

hination of Dr. B,lnum_.\ .Lle--! mind and a few si |p||: laboratory tests
grested that too mu , rather than dizbetes, was the cause of the
disxgreem

When this pu; ling aspect of l'l‘:' case was exp'l.unud to the p.u.ml, his

nds. Jumping to his feet in the ecstasy of joy,

and exclaimed, “Dr. Banting, how much I

three thou-

sand dollars?”” The star antin his amazement had subsided so

that he could speak, rep qu owe me nothing, sir. I am not a
practicing doctor, just a research worker.” Then, in despairing gratitude,

i:-'.Lliun‘. picked up his valuable Pan; hat and clapped it down over Ban-

ting ¥ , if you won't take money, keep this to remember

me by. 1i5 ar ¢ story reveals the active, alert, reasoning mind of the

entist and the kind, sympathetic nature of the man. In 1923 King Gustave

of Sweden presented Banting with the highest avard in 1 the Nobel

prize, and in 1934 King George V of England conferred knighthood upon

him. But lo he King of all Kings had set the seal of true nobility

upon his brow. Fred Banting was indeed one of Nature's noblemen.




The Discovery of Insulin

CHARLES H,. BEST, M.D.

Wiz I saw the first draft of the program, Dr. Russell Wilder was to give a
inute discussion on “Diabetes in the United States.” 1 the y

since Insulin was only one part of the treatment of d

of time inasmuch as I had been asked to limit myself to the early work. I still

think that in the few minutes allotted, I will have the oppornity to review

with you early happenings.

As D, iiammc_', and Talways tried to point out, we felt most sincerely our
intense obligation to our predecessors in this field of medical research, Of
course, there had been hundreds of articles, some of them of relatively little
use but a few of very great importance; we based our findings and our w
ing hypotheses, as formulated by Banting, on these papers. A hypothesis
which is as productive as the one which Bar X origing {.;i(al: least it was in-
dcpcndv;ulf'.' originated by him) has served the ]:urpnw if the goal or any
interesting goal is arained. That certai ily was true of the idea which

ed the work on Insulin in Toronto,

I have paid my tribute many times to Banting’s perseverance, his intense
energy, the drive which compelled him 1o give up his medical practice. He
gnn— up the p bility of becoming a surgeon, and he was a grand surgeon.

: e has done a full amount of clinical surgery and undoubtedly
m:u][. ]\-.wL had success if he had stayed in that field.

We had many advantages over our predecessors, but I think the greatest
single advantage undoubtedly was the method gd'duing blood sugars quickly
and accurately. On reading over the |up¢r. of previous workers, one can see
how ¢ might have been guided along the right path if their blood-sugar
me [_':(h|\ had been accurate or if they had had procedures available to t.L:-L,tl-:-d
estimations on very small amounts of blood,

Our partnership began on the seventeenth of May, 1921. Banting had
come to Torento, as most of you know. He felt himself completely able 1o
handle the surgical approach to the problem, but he needed a collaborator
on some of the scientific problems, Many stories have been written abour this
phase of the work, but the simple truth is that I think that I was the only
student in the Department of Physiology who had actually registered with
Dr. Macleod to stay there another year, and it was quite natural that he should
ask me if I cared to undertake this work with Banting, OFf course, we also
had the great advantage of being left completely uninterrupted during four or
five months. Many people have said that thu have seen the early work on

but as I remember there was no one in the laboratories except the

[ us, the caretaker, ¢ or two intimate frends, A litde later in the

mr when the resulis had de \.-rluprci slightly, four of our medical friends

and colleagues dropped in to see how we were genting along, I think we have
to artribute the results that came quickly to good formune.

It is true that when the opening wedge had been driven and we saw the
fall in blood sugar in our completely diabetic dogs, we did fight the problem
as hard as we cwu"cl We made great lists of things we hoped to get done even
while we were working on the perfectly obvious development of the initial
discovery. Some n|'1||w_- experiments Im\ vever been carried out spite of
the 20,000 papers that have been written on th hl.lhiL‘CE since 1921, As a mar-

i Banting and I had planned just before his death to do some work
on the interference with hepatic function caused by ligation of the bile duet
and on the various effects arising out of that. I should like to pay tribute also
to the work of Professor Macleod and Dr. Collip in the development of In-
sulin, As [ said the other day in Toronto, T owe a very great debt to Dr.
Macleod because of the training he gave us as students. In my fifth year in the
University of Toronto, which was completed just before I began working

7




in carbo-
Wy ulel reek was writing articles
and books on 3 were senior students
had a very great advant o this research and in hearing 1
opinion of a very great expert. It was Dr. Macleod who guided the develo
ment of Insulin in the 2 n of 1921 when he returned to the |

and found a great deal of complete evidence that Insulin k lated.

I also owe a very great debt to Dr. Collip for his work on the purification of
Insulin. His work, with others, o s of the
ysiology of Insulin was outstandi
There was a armosphere in Toronto in the autumn of 1921 and in
1922, and every bit of knowledge that cz long was eagerly ;|E>|,-I;'L-;I, We

were working up to the point where we could give f Inisul
to each other and then make it available for clinical trial.

Also, I should like very sincerely to pay my tribute o Eli L
pany, to Dr. Clowes, and to Mr. Lilly particula
more of these men during the past twenty-five years
think I came to Indianapolis nine or ten times in 1922, to try to work out w
the experts here procedures for the large-scale preparation of Insulin, which

was, of course, in great d id. I would hesitate to say Wy times

D, Clowes came to Toronto in 1922, bu his

s were much me PR
ke to pay my tribute to this great organizat
for making this me

Tuwenty-Five Years of Insulin
JOSEPH H. BARACH, M.D.

TWENTY-FIVE ught and what has it brought?

We who have lived throug e years are fortunate ir |

to be celebrating the twenty-fifth year since the discovery of Insulin. T

being so, this is the prope occasion to summarize some of our experienc

and at the same time to clarify in our minds what we have attained and

Thow much better off we are for having had Insulin for a quarter of a century,

Perhaps, in giving over to our successors, we might do well to give the com-
¢ fruits of our experience as well as the priceless remedy

ments by the

patients because of Insulin. First of all, T should say that the need for intelli-

gent use of Insulin is 5 to a better understanding of what constit

i ]:.||L'~' slogical diet for man. Even though final words have not yet been said
p s}-nl!:ﬂt_‘m as a whole is becoming clearer from

19




The clinician is coming to understand how much carbohydrate is desir-
able for a day's sustenance; he is nearer to knowing how much protein a day
will meet nutritional requirements; and we are at the threshold of a better
understanding of how far is metabolized and how much far is F.‘h}'sfuln;;iru][}-
desirable in a day’s rations. We know that we pool carbohydrate, protein,
and fat to supply the needs of metabolism. We should like to know more
about each of these substances in tuen, i;}- what processes and functimu'ngs
the final fiel substance is produced, and when and where insulin enters and
takes its part in the maintenance of a normal metabolism. Because of all this
that we do not know as yet, it is just as well to continue to be eircumspect and
to avoid finality and hasty conclusions ar this time. Grear gains have besn

eved these twenty-five , but these acquisitions have only increased
our needs and desires for faces.

In 1922, Insulin was handed to the practicing physician on a platter of
gold, 0 to speak. Insulin had been isolated, it was purified, it was perfected,
and it was given to us for clinieal use with such suddenness that we hardly
knew what 1o do with it. When I was younger than I am today, I used 1o e
joy reading one of the well-known philosophers of thar day who said, “Good
happy truth seldom lives over ten years.” OF course, he was commenting on
the rpidity of change and the progress of those days. Insulin, however, s a
good happy truth and has already lived twenty-five years; and as far as we
can see today, Insulin will live many times twent five years and will con-
tinue to live on until a better Insulin or an endogenous or exogenous sub-
stitute for Insulin is discovered. With alloxan we destroy the beta cells se-
lectively. Who ¢an say that we will never build or construct selectively?

Regular Insulin, crystalline Insulin, Protamine Zine Insulin, and many
modifications, one after another, have changed the life and outlook of the
diabetic from a sickly and a difficult one to one of health and frequently 1o
one of luster. Last week Rabinowitch, of Montreal, reported that with an

average diet of carbohydrate, 250 Gm., protein, 1oo Gm., and far, 45 Gm.,
he finds acetonuria in only three-fourths of 1 percent of his patients.

In 1921, before Insulin was available, our records show that on a hizh
diet 43 percent of our diabetics at one time or another during the course of a
year showed ketonuria. By 1932, on a low-fat diet withou Insulin, only 3
percent of our diabetics showed ketonuria. OFf those who were on a low-fat
diet and taking Insulin, 2 percent showed ketones, Qur diets provided 9o
Gm. of fat, whereas the Rabinowitch diet calls for only 45 Gm. of fat per day.
Thercfore, it is evident that lowering the fat in the diet lowers the incidence
of ketonuria. Another interesting point made by Rabinowitch is that only

ane out of four of his diabetic p::icms requires Insulin. With app:c:xilmm]y
9o Gm. of fat and 200 Gm. of carbohydrate, we find it necessary to give
Insulin to .-||1;:mxim:ur:|}' jo percent of our p;ﬂirn:-s. _-‘,]:];::ug]l these clinical
observations do not have the exactness of laboratory experiments, it is clear
that patients do well on diets relatively low in fat. Now and then we do see
patients who seem to have done well on high-fat diets, bue they are the excep-
tions rather than the rule. 50 much for diet.

Hesbert Marks, of the Metropolitan Life Insurance Company, told us last
week that the death rate among diabetics of all ages up to fifty-five is less than
one-half of what it was before Insulin. In 1900, of the young diabetics, or

s of age, 753 out of every thousand died pe
th rate has been reduced 98 percent in the diabetics
rs of age. At ages of forty to sixty, today the death rate is
i r|3. So much for those thar die.
ose among the liv those to be born, According to vari-
ous studie 1929, §§ percent of mothers survived. In 1935, 96 percent of
hers survived. Today, 1oo percent of mothers are expected 1o survive.
, with Insulin and hormonal therapy, according to Priscilla White, roo
percent of mothers and g7 percent of infants survive. This is what Insulin
has wrought, and this is what Insulin has brought.

General surgery in the diabetic has lost its herror because of Insulin and
all the knowledge that s o since the advent of Insulin. Diabetic gan-

whetherit be slight or extensive, whether it involve the toe or the foot
-is dealt with in comparative safery and ease because our patients
will not sink and drown while operations are being performed. The mortality
rate in amputations for patients with diabetic gangrene in one group of New
York hospitals at one time ranged from 70 to 85 percent, while in another it
was reported to be 45 percent. Beverly Smith, of New York, who reported on
ese resulis, believes that this high death rate was due largely to thigh am-
putations where leg amputations or operations might better have been per=

formed. He also warns that in less than 10 percent of elderly amputees wi
jeved successfully. Low operations minimize shock and
rate of 8.6 percent, especially if prophylactic rreatment

tituted before surgery is undertaken.

Joslin, Root, and their
ith a mortality
e treated,

v of 2.4 percent. And yet, alongside these ex-

periences, when n ¢ 509 are sent o huspi:;u'!-s that are unprepared—




hospitals in which the staff ; y ohysically for prompt

and adequate treatment—eases of diabe ve rtality rate of

§o percent. That is not one bit

These contrasts are striking and

L‘il’(‘lll‘-"«lill‘.t‘{"-. l.-:.J-Il' must II.I- necessi|

rable Lypes of cases. Old

orared ing s, and, above all, patients with and withour in
contrasting mortality rates. My own impression is thar, first of a

day to & MOSE ¢ I L If we put
into use what is y kn COMIng ion will have nicl op-

4
care of the diabe

There is indeed mare to be sai
5 my duty to speak only 3 enty-five years; others will
project future possibilities. It is twenty-five 3 ¢ we have had
Insulin, a product of pure science at its hi ¥
ed is of ¢ wment and 5 . During the past
twenty-five years many nds of my patients have used it one
thrice daily by injection. Only once have [ seen an abscess resul
of inject and that was ir f the careless patients tl
had in a large, free dispensary service.
rican Diabetes Association, a group for which
d to speak on this occasi

advancing
science. As a m of the Am Association, for d group
today and in the m v of Frederick B: let me express .
Charles Best and to ev ery one of his rues, and ‘|1-|||t'-~||: the
the laboratories who make and prepare Insulin with such refine-
mentand e de. Insulinindeed is a soverei remedy. Insuli s wroughe
and Insulin has brought much to our generation of doctors and p 3

E ?ﬁw’&g ) Uf Diabetes

BERNARDO A. HOUSSAY, M.D.

Tue cavse of dial 5 yet unknown. In all cases of perr it diabetes

I i iy, since the pan i5 L le o secrete th it

: be

I . T olic disturbances in the

tissues outside the pancreas, which iire and provoke an increase in insulin
secretion with subsequen ge to the is

Diabetes can be produced experimentally

e beta cells.

HRNTITIE

in sugar or other carboliyd wrs the dial
of the hypophysis, the thyroid, |




produce diabetes if there is an in
in fat favers the onset and in
ar subtotal pancrea ¥
In 41 to 75 percent of diabetic ca: 3
ans but in others are i sions in the pan-

atic islets are foun 1
Diabetes is inher t ive pro n. Some in-

ty of the pan-

sulin in amounts gres an n us the beta cells would
have to secrete it in excess and would be da and subse

ng 1'rt't|uun'.|_\' precede onset of di
hyroid diabetes are more easily produced when the diet is
rich in su
s. In the subo
srated and its seve
xed diet. On the other ha

the amount of food

Probably is fi increase in insulin secretion and

alteration i ; in the follow
() during 1l

in the tissues

In future resea

lic disturbance
sulin secrered, ¢
produce and cons mptien; (c) to estir
fi s which regulate carbohydrate metabolis
diabetes; and (d) to perfect the administ

it is necessary to find ways of
niel of ok i the regeneration of beta cells.
-overy of Insulin is one of the greatest of scientific achievements;
ined by research in animals, and the correct application of
knowledge to patients was also thus acequired.

OBER, 1920, FREDERICK GRANT BANTING
ORIGINATED THE HYPOTHESIS THAT THE FAILURE THERETO-
FORE TO ISOLATE THE INTERNAL SECRETION OF THE PANCREAS
HAD BEEN DUE TO ITS DESTRUCTION BY THE FERMENTS LIBER.-

DURING THE PROCESS OF EXTRACTION.

DEVISED AN EXPERIMENTAL METHOD BY WHICH THIS
DESTRUCTION COULD BE AVOIDED AND THE INTERNAL SECRE-
TION (NOW ENOWN AS INSULIN) OBTAINED.

IN MAY, 1921, BANTING AND CHARLES HERBERT BEST,

BOTH GRADUATES OF THE LUINIVERSITY OF TORONTO, CON-

yIN THISROOM T ERIMENTS WHICH CULMINATED
JLATION OF IN IN.




Maodifications of Insulin

HAKS C. HAGEDORN, M.D.

The errecTs of different harmones vary widely as to duration and intensity.
It is mo wonder, then, that the first substance of this kind successfully given
by mouth was the thyroid hormone, which has a long-lasting effect in the
body. We cannot exclude the possibility of the existence of hormones not
yet known on account of short duration of their effect.

The duration of the effect of seme therapeutically useful hormones is so
short that methods of continwous injection have been developed for some
patients by the ];u|];| of a clockwork o ting a syringe, but such gadgets
only show hew far we are from Nawre's wonderful meth

Let us consider the case of Insulin, It is easily soluble in the body fuids;
and when it is injected into the subcutaneous tissues or else s, We are not
able to alter the rate of its ;J'bm.'!:rinll—ihul is, quantity ahsorbed rlLIl'EI'Ig
the unit of time—without altering the total dose. No matter whether we in-
ject the same quantity of a more concentrated solution or a greater quantity of a
solution of unaltered concentration, the increased dose will mean a greater rate
ofabsorption, Thisisthe reason that Insulin has tobeinjected ar short intervals.

When the good news of the discove y of Insulin came 1o us, Professor
August Krogh wisie Toronto and at an early date ohtained information
from Dr. Banting, Dr. Best, Professor Macleod, and Dr. Collip, who al-
k. Later on we had great
help from publications from Shaffer. The first preparations, of course, were

lowed us to start preparation of Tnsulin in Denm

not pur was noticed then that some preparations which gave local
trouble had a considerably prolonged act ich appeared on the blood-
3 ve and was also noticed by atient. Since then we have been
terested in products giving a delayed action without any loeal

to make Insulin preparations which

without an increase in the rate of absorption.
In general, three different lines have been followed. (1) The injec

gether with the Insulin, of some substance influenci r the circulation at the

site of the injection. among others, adrenaline has been used (Figure 1);

very superficial investigation it may appear that the effect is prolonged

Adrenclae Inivhn accerding to Clovien

Blood sugar

becauss the maximum effec

the same dose of Insulin wi

however, shows that there is a pe

Insulin is absorbed; and when the spasm o vessels i xed, a very high
rate of absorption sets in. (2) The injection ofdry Insulin in an oil suspension.
This method has been used in some very mild cases of diabetes with some

success, Some of the best results as far as I know have been obined by




late Dr. |.{'_\ ton, of London, but on the whole it has not been found of ve
much practical value. (3) The third method consists in giving the Insulin
together with a substance with which it forms a combinaticn relarively
insoluble in the tissue fluids [J"ij__',ur\cs 2 and ).

Blood sugar

Different protein-precipitating agents have been tried; some ofthem effect
a considerable delay, pantly perhaps on account of the lower solubility and
partly on account of more or less reversible changes in the tissues at the
injection site. It is the general impression that the method which consists in
using Insulin in co ation with alkaline protein or protein-splitting prod-
uets has so far been st successful, and the comparatively small alk
molecules of the protamines, first described by Kossel, have been very
used.

Insulin can be considered a very weak acid, and the alkaline proteins are
weak bases; by bringing those substances together at proper reaction, some-
thing formally analog, he formation of a salt takes place. We can also
say that the two coll pitate under my discharge; therefore, prod-
ucts are easily obtained which are relatively insoluble at the reaction obtain-
ing in the subcutaneous tissue. By injecting such precipitate products of
protamine and Insulin as a suspension or as a solution broughe about by
surplus of protamine, a considerable delay in the duration of absorpion is
ohserved (Figures 4 and ).

Scott and Fisher have made the very important discovery that this delay
can be augmented considerably by adding zinc in small quantities, thereby

at the same time obtaining better stability of some preparations., .l\||||uugh
Protamine Zinc Insulin has been most widely used in America, we have con-
tinued the use of Protamine Insulin without zine in Denmark.

5.8 Female Agul2
T EETIa T

Bload wgar

1 )
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)= Protamase bavwba () = Pretaming lnsuln

ngr:r? 4 F}'_gr.rrc 5
Ordinary Insulin and Protamine Insulin compared in diabetic
paticnts ar the Mermarial Hospital
(U=l fonal Insuli Encircled figures represent injec-
tions of Proamine Insulin. H = hour. The large vertical arrow s

nifics @ slight hypoglycemic reaction.)

The whole problem of absorption of Protamine Insulin from the rssues
can be studied more closely now that it is possible o use suspension of crys-
tals. Abel succeeded in erystallizing Insulin, and larer Scort demonstrated

Figure 6

ine-Insulin eryssals, formed ar pH 6
pm Scou: Endocrinology, 25 440,




that the presence of a metal, JJ.'uI'ur.:hl_\.' zinc, was necessary to obtain crystals
(Figure 6). Krayenbiihl and Rosenberg, working in our laboratories, have
succeeded in crystallizing Protamine Insulin with zinc (Figures 7 and 8).
The crystals appear to be useful in the treatment of diabetes, since free Insulin
added to the crystal suspension is not adsorbed to the same extent that it is
when the precipitate is amorphous.

Ifa suspension of an active material is injected, we have a depot consisting
of a dissolved and an undissolved part. The rate of absorption then might be
expected to depend either (1) on the velocity at w * is ab-
sorbed from the solution in the depot or (2) on the velocity at which the
suspended particles are dissolved. If the absorption from the solution in the
depot were the limiting factor, we might expect to find that with constant
dose the rate of absorption would depend on the surface of the injecred
volume and thus be slower, the smaller the volume. However, when we try
to attain a slower ahsorption by injecting a more concentrated suspension of

nd Rosenberg: Cry
Steno Memorial Hospi
 In press )

Protamine Insulin, we find the propartion between dose and rate ul"u.l.vmq.]-
tion unaltered or only altered very little (Figum 9). A liede of the expected
effect is observed, perhaps by mere coincidence; at any rate, it is much smaller
than should be expected if the theory under test held good.

The other possibility was that the limiting factor is the rate of dissolution
of the solid particles. No easy way to amack this problem was found untl
crystals of Protamine Insulin were available. Mr. Krayenbiih] waskind enough
to prepare for my purpose two suspensions of crystals with the same content
of Protamine Insulin, but with one containing larger crystals so that the main
surfaces of all the small crystals were about two times as great as those of the
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other (Fig r howe ¢ the same
(Figure 1x). It may be then that th which we started is
STTONE that no depot of suspensio: | absorbed
r‘liai',”:', the cry ks remain “dry™ in the tissue.

ok at the beautiful pattern of the lymphatics in the subcutis of a
human embryo may well support the idea that the fuid is “filtered away™

from the crystals (Figure 12). Further support of this view is found by x-ray

Glucasn

Figure 12
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examination of injected soluble contrast medium, which disappears in less
than ten minutes.

But even if we presume that the rr}'%luls are in immediate contact with
the cells, a relation between surface and rate of 2 bsorption would be rkpqv;w:l,
The observations, therefore, cannot be explained as results of solubility
alone. A '«|1|i!|i:'.g of the substance in the tissue might give the observed re-
sult. Therefore, the Protamine Zinc Insulin crystals are interesti it only
from a theoretical point of view but also becawse r allow a closer study
of the mecl ally, they may have some practical
value

.r"‘l;',"ﬂ ré 12




Hemochromatosis and CrJ;r)zp!imriwu

of Diabetes
R. D. LAWREN

As a piaseTic myself, [ owe a greae personal debe to Lilly Insulin, for which
I should now like to give public o} ve had Insulin a long time. Tr
countries of the world who profess

¢ close. When I started Insulin
o, 1L ..Id On '|\. |Jl.'LJJ‘1 b0 COME into

commercial pruciuctinn in England. You cannot 'b,,uw.- us for that; we are
always a bit behind the first. _\ any rate, I was very glad to get what I could.
About 'L-|:r||, 1923, wasted, thin, fit for noth i -;;;,,m-'.:ug way I began
using Insulin which was produced L and. I under-
stood that there was enough for me [
month, then the grace of God would have to .\upply me

But something developed. A girl (a docte

34 wasadmitted. To bring her out, she got the Insulin on which I had he

t. Well, I was in (1 don’t know wha you call it here) 2
jam, an .mlu| fix. OF course, God looks after His own chrldnn, S-n'nn:\hculx
somehow Brought me a bottle of Lilly Insulin the next day. I looked ar it
with suspicion, but I was glad to have l}.\lt TC‘G]E\—'JI‘I\.‘:]]II]E‘ with an Insuli
label on the .onlt|\'. As the next formight wore on (T mean we used as litde
Insulin as we could; it kept me for about a for ghe) 1 looked upon it with

and by the end of the formight with complete confidence,
ad any reason to change in supervening years. And so
ere and talking , L am giving thanks to this great
ckly produced Insulin in lrge amounts—no merely lip
service on my part. Far from it.
Now, ladies and gentlemen, particularly those interested in more seien-
H , I am to talk here an **Hemochromatosis and Cnmplicanirms of
his, T think, may seem curious and require a little explanation,
but I assure you I am not drawing a
meeting. There doubt at ar wit erly used, or even
-\(|I|1|_'.A|I perly used, full health ivity may expected. At our
meetings of iabetes Association in [cu’l-:r‘m, the main back-
ground of elini terest was the evidence presented th betic complica
1|c\||\ de n|<l':\ in '-]:Itl' of treatment, as l]'u YEars o on. ||'||:».\: L‘"I.Jn:.,n, 50

ught, that these
I, middle-aged diabetic in the fifties
sbvicus in the children or the young adule
not have to be severe, but the history had to be
> disease was a matter of living without control. Because I had
etes for so many years, [ thoughe thar I would exhibit these symp-
o ¢ had Insulin for over twenty years v and have applied
LD T ts, ‘we have been able to keep the young alive long enough
o \'Iud}. Itisan upsetting thing o all of us
that so many of our children and y
good health are beginning to develop these ¢
s does ot ~I|J]) v to all of them, and it has been my impression that it
{ led diabetic person who lives for weeks or
I e conditions develop. I think, 1o go back
1o the |u-rsun'.|| note, thar I have diabetes for some twenry-six years;

and, at least when I lefr Lone ght ago, I could swear that T had no
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retinal hemorrhages and that my blood pressure was normal. I do not think
I would like any of the doctors to take it this afternoon, for I think I might

legitimately have a little hypertension.

Both of these conditions are intimately related to the clinical problem of
treatment of diabetes at the moment, and that is why I turn to hemochroma-
rosis (“bronzed™ diabetes), which may hel, Ip in elucidating this problem. An
explanation is required usiu what this diseace is. Hemochromatosis, or bronzed
diabetes as it is calle very rare form of diabetes. Some doctors might
go through their whole careers without seeing a case, or at any rate without

it. We know to what it is due. It is due to an imbalance of iron

oughout the patient’s whole life, some org ore,
k 1 -

metabolism by which,
pessibly some inorganie, and probably some other forms are deposited in the
tissues throughout the body, under the skin, in the liver, and in the pancreas
—practically everywhere except in the muscle tissue. This causes no ill efe
fects for about fourteen to fifteen years; but when the processes have gone on
so long, it brings degeneration and some enlargement of these organs. The
typical practical four symptoms achieved by these people are this bro
tation (a slaty, bronze eolor) of the skin caused by deposited iron
rged cirrhatic liver; sexual atrophy; and, what interests me today, quite
severe diabetes, which can come on quite suddenly and which we know
quite definitely (we do not know all that abour the other forms of
is due to a direct atack by the fibrous tissue on the islets of Lange
the pancreas and its ins productive capacity.

This disease is very rare, but I have seen perhaps some forty cases. Not
much. However, I have been looking for them,and in these forty I have never
seen any of the vascular diabetic complications in the eyes, feet, kidneys, and
so on. Al \"-lml_.',h fu-’t}' cases are nothing, [ thought I would bring up the sub-
fect at this meeting, Here is a rare condition; no one has many cases. It is a
matier of co-¢ ion, 1f, throughout this country, perhaps under the aus-
pices of the American Diabetes Association, those who had cases, numerous
or otherwise, of hemochromatosis would make a survey of them and send
them inte a center, we could get at some facts. [ think this is important, be-

se if these people are found not to develop the diabetic complications and
if their diabetes is severe (they use a lot of Insulin; they are just as uncon-
trolled in their sugar as anybody else), then we have to ook for some other

n merely the high blood sugar, cholesterol, o the ketosis, or what-

ever it is. We have to look for a factor that produces not only the diabetes
but the complications.

You might ask me what it might be. T don't know. My answer would be

pure ‘-|'IL\.'L.

means, [ think

. If, on the other hand, they do get these complications, it
iat this disease is directly due to probable infection of the

islets of Langerhans; for if it is tn at the control of the diabetes or the un-

control of it over these years is bringing these hateful complications, then we
must 26t about [c.;.1r|l'|:| the uneontrolled, r | ent and keep-
e sugrar down as well as we can, and petl || 3 r subsequently than

-

we do roday. Of course, we all know we cannot control severe diabetes ]J}'

lale The only way, I

WE can conte atie siologie ke : mal
human individual) would be to give y meal and a

dose at nigl

Until w

five years wi

Now, nobody is goir
hysiologi cting Insulin or indeed a cure, which

rtly coming, before our next meeting here in another twenty-

ve 1o get farther along ar +3 light and the truth

IJ\ g.c1|||._1|n" maore data on he |1'|u|.||n1“‘|‘|.3!u\'\ |I‘|(| by developing a treatmen

g in z'_L.alrrl but in longevity and

one, pc.—h,.?. of interest 1o )nlu pr- :‘\r,ru 3 .’\I'l'u.'rlf.ll'l Diabetes Associ
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The Conquest of Diabetic Coma o yowbiul o, well v, ek foo vid

ELLIOT = JOSLIN, M.D., AND JOSIAH K. LILLY

Yesteroay at the Indianapolis (:il'\' H-:u'.pi I talked h the coma patients
Dr. Peck had gathered together for me to present today. There were two re-
covered cases from each of the eight decades of life. Not every one of them sec ildishness,
is here today—we did not need them all to play their parts. In fact— sans cyes, sans (st
e Ar Vou Like fo
“All the word
First of all, these cases all represent diabetic coma at the different ages
. ¥ ) that I have tried to describe briefly. We do not have the swearing soldier
8 Deln bovan 2pre “bearded like the pard,” so we miss him, but we have the others. Dr. Best
Case 1. C.A. (goma ar : ] emphasized the value of blood sugars in the discovery of Insulin. T want to
emphasize the value of blood sugar in the treatment of diabetic coma. In two
of our cases, the blood sugar was 1,300 10 1,600 mg. and the Insulin 1
units. Thereafter you see the blood sugar steadily decline. Thar, I think, is
confirmation again of the value of that single test in the treatment of diabetic
coma,
In the treatment of diabetic coma today, we hear much about comparisens




between one hospital, one city, one clinic, and another. That must cease,
That must cease. Remember, Mr. Lilly, prior to the time you gave Insulin for
all these patients who have recovered from diabetic coma, prior to that, I told
my patients for :um:ly-ﬁ\-c_-,'mn that coma represented the end of the disease
—that there umhing else that could be done. I absolved myself. Bug to-
day, gentlemen, there is something different in the treatment of coma. ]’.‘sy no
attention to what the other man has done, bue look up your own cases. One
CANNGL put all the blame for deaths from coma in one's own elinic entirely on
complications and sy, “That case was inevitable; that was the Lord.” Do not
put that vd thought on Him. That must go.

A week ago, I think it was, Dr. White told me Mrs. B left the hospiral.
She was sixty-nine. She entered in coma. She had a bacteremia with temper-
ature upward of 104°. Penicillin, strepromycin, sulfadiazine—and she finally
got better; then she had a thrombaosis and the vessels of her leg closed up, but
even then we did not put the blame on kind heaven. We took off her leg;
when she went home, it is true she went without her leg, but she did go out
with her life. I think we must stop assuming and concluding that cases of
coma are desperate and are not going to recove

There was one happy instance in the analyses of these coma cases I saw
yesterday. I asked sincerely (and I had the records of them all), I especially
ashed about the amount of soda that was used in their recovery. They all re-
covered, they all recovered; but the soda, it so happens, was given to only one
patient, and this patient received § Gm. of soda. T think that is the end of the
soda era in the trearment of diabetic coma.

About glucose, it is true that nearly half of these patients received glucose
before they recovered, but not quite half. The interesting fact is thar those
who did nor receive glucose received the feast amount of Insulin, on the aver-
age, of any of the group. And although the severity index for the two groups
was the same, the CO; in those not receiving glucose was 11,and in theothers
15 volumes percent. Thus, if anything, those without glucose represented
the more severe types of cases. In this series of cases, it wasalso evident that the
Insulin was given early and that the objective in the treatment was to give
the Insulin early; throughout, as the cases proceeded, that endeavor came
more and more to the fore. We know from our own cases that more than
ten times as many got well when they had Insulin given inthe first three hours
as when the same amount was given in our coma group the first twenty-
four hours. f¢ is Jusulin, Mr. Lilly, in which you believe and in which [ be-
lieve, which brought these patients out of diabetic coma, and we should
never forget that fact.

But there is one more feature of these cases thar involves every citizen,
doctor or otherwise—that involves every medical student—that involves
every doctor—but does not involve Mr. Lilly. These ]‘;\-gplg had all the In-

i anted, didn’t they? They all had the Insulin available, but when 1
asked Cy thia, the first patient (there were eleven that 1 interrogated), how
long she had had diabetes before she was brought to the |'I¢|spi|:l] in diabetic
coma, her mother simply said, “I never knew she had diabetes until she
reached the I""-‘E"i" The diagnosis was first made there, Then I said,
“Charles, how long did you have diabetes?” “I never knew it, Dr. Joslin, un-
1il I came to from unconsciousniess in the Indianapolis City Hospital.” “How
|u||g did you know, Robert?" “1 never dnew [ had diabetes! I never heard of
it until I became conscious at the ]'mJian.:pn]is. Cil:_',.' [Im]:i[:ﬂ." And soit goes
with Edna, and with Ada, and with Ellis, and with Anna, and with Mr.
Alonzo, too. Not ame had had the diagnosis of diabetes made until he reached

he hc 'pit'.1| in coma. I wonder if diahetics must wait until rhc}l become
h

conscious before they are given Insulin?

Last year [ heard one of the most encouraging things of the present day;
that is, 31 Cinclnnatl thar problem has been recognized, and Drr. Mirsky has
been deputed to solve it. Gentlemen, I thank you for your attention. I know
that Mr. Lilly and I both feel that Insulin is the factor, as it was in these cases,

in bringing to life patients in diabetic coma.




Recent Work on the Action of Insulin

SIDNEY P. COLOWICK, Pu.

Dr. G. T. Cori, who was originally asked to present this work, was un-
fortunately unable to do so because of illness, T have been delegated to sum-
marize briefly for you the results of recent experiments on the action of In-
sulin which were carried out in the Department of Pharmacology of the
Washington Urli\'crsit}' School of Medicine, St. Louis. These results have
already been Jlub]fsl ted in preliminary form, ™ ? and a detailed account is now
in pres

The important role of the pituitary gland and the adrenal cortex, as well
as the pancreas, in the regulation of carbohydrate metabolism is now w
recognized. Through the fundamental work of Houssay in Argentina, and
of C. N, H. Long in this country, it was established that the diabetes pro-
duced in animals by removal of the pancreas could be greatly ameliorated
either by hypophysectomy or by adrenalectomy. The site of actien of the
hormones elaborated by these glands has been the subject of considerable
debate, but it is now generally agreed that both the production of carbo-

42 hydrate by the liver and the utilization of glucose by the peripheral tissues

are subject o their influence. Ar the risk of ca\':rsimpii_ﬁw:;iom the main
effects may be summarized as follows,

Certain adrenal and pituitary hormones tend to increase carbohydrate
formation from protein by the liver and to diminish the peripheral urilization
of glucose, while the pancreatic hormane, Insulin, has an opposing action
at both sites. The present report deals with an attempt to analyze in greater
detail the effects of these hormones on the peripheral utilization of glucose.

Effects of Insulin on the utilization of glucose are readily demonstrable
in many types of intact muscle preparations (eviscerated animals, isolated
perfused heart, isolated rat diaphragm, etc.), the fate of the glucose depend-
ing on the particular preparation used. In some cases the glucose urilized
under the influence of Insulin undergoes complete oxidation, while in other
cases it is converted largely to glycogen. These are the two fundamental ef-
fects of Insulin on puriphcr.tl glucvsc utilization which any r]wor}' of the
mechanism of its action must take into account.

It appeared possible that both of these effects of||1su|1'nmigiubc—¢xpiain¢:l
in terms of an increased activity of the enzyme hexokinase. This enzyme is
now known to initiate the metabolism of glucose by catalyzing the reaction
of the sugar with adenosine triphosphate to form glucose-6-phosphate,
which may then be either oxidized or converted to glycogen.

Methods were developed for measuring hexokinase activity in cell-free ex-
tracts of muscle and other animal tissues. The addition of Insulin to such
extracts had no effect on the rate of the hexokinase reaction. An effect of
Insulin could be demonstrated, however, in the following way.

It was found that the rate of the hexokinase reaction could be depressed
by the addition of certain protein fractions obtained from the pituitary gland.
Inhikition of the reaction was much more marked when the pituitary fraction

supplemented with adrenal cortex extract, The latter had no inhibitory
effect per se in these experiments with normal tissue extracts.

The inhibition of hexokinase by the pituitary fraction plus adrenal cortex
extract could be completely released by the addition of Insulin. Insulin which
had lost its physiclogical blood-sugar-lowering activity, as the result of mild
treatment ‘with alkali, also lost its ability to exert the above effect on the
hexokinase system.

When hexokinase activity was measured in muscle extracts from diabetic
animals (alloxan-treated rats), adrenal cortex extract alone was found 1o pro-
duce inhibitions as great as those obtained by addition of adrenal cortex

extract plus pituitary protein to normal tissue extracts. Presumably, there is
present in the diabetic extracts an inhibitory factor of pituitary origin in suf-




ficient amounts to give rise to marked inhibition in the Insulin-free system
when adrenal cortex extract is added. Addition of Insulin to this system re-
sults, as with normal extracts, in complete release of the inhibition.

The Pimimr_\.- factor, as obtained in diabetic extracts orin fractions isalated
from the pituitary gland, is remarkably labile, and no procedure has yer
devised whereby it can be kept eve for shore periods of time at o*C. without
loss of its inhibitory power. Further progress will depend on the develop-
ment of an improved method for its preparation.

The results described here are in harmeny with the conclusion reached
from earlier observations on ('.\:Pc'rimt:ﬂlﬂ animals, namely, that Insulin is
not essential for glucose utilization but serves rather to oppose the inhibitory
action of anterior pituitary and adrenal cortex mones on this process. Al-

pse experiments unless the
inhibitory factors were present, there is no questi
ert certain effects in the absence of pituitary and adrenal factors, since it hasa
profound hypoglycemic effect on adrenalectomized and hypophysectomized
Is. The nature of this effect remains to be elucidated. It seems likely
1 addition to hexokinase will be found 1o be under
endocrine control when in vitro experiments of the type described here are
extended to other enzyme systems. In particular, it appears thar some of
effects of hormones on carbohydrate metabolism in the liver cannot be ex-
plained in terms of regulatory effects on the hexokinase reaction.
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In Retrospect

GEORGE M. A. CLOWES, Pu.D., D.5c. (Hon.)

IT 15 & great treat after twenty-five years to see Dr. Joslin, Dr. Williams, Dr.
Woodyatt, and Dr. Sansum, all members of the original committee that har
dled the problems involved in the development of treatment of patients in
this country, and it is most 1J;|,r[i,L-u]i,1r|‘-}' satisfactory tha Dr. Best is also with
us. Dr. Best was alrea ya :li;|ir|gui,$h¢:l__ highly trained young |JE'.}'.\.:i\:-|chin1.
having had five years of experience in this field, when he was selected by Dr.
Macleod as the only person in the Department of Physiology ar Toronto who
was qualified to co-operate with Dr. Banting in his investigation.

First and foremost, I want to pay my tribute to Dr. Banting. All of us
who knew him well and felt that we were his friends will fieel thar his spirit
is with us on this great occasion. If it had not been for Banting, for his bril-
liant ideas and imagination, his great tenacity of purpose, and his indomit: ble
spirit, [ doubt that we should ever have had Insulin, and we should not have
been celebrating the twenty-fifth anniversary of the event. Banting was a
most unusual person. He was not merely a thinker. He was, in a sense, a
visionary. He had imagination and intuition. In other words, he combined
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both factors, the intuitive sense that is ofien so important and the ability to
reason things out, which at times he did 50 effectively. On more than one oe-
casion his great determination to se¢ l]:i.n:__;s through, his attitude of “come
hell or high water, we are going on,” saved the day, and no Martin Luther
ever fought the devil or exorcised him more diligently than Banting if he
felt that any injustice was being done to Best ar any other of his close as-
soctates. He was a great man and his loss was irreparable. Banting died in the
pal]l ufdul:\', but he left behind him the right man to CATTY On.

Now, to get back to the early days of Insulin. When we heard rumars wo
the effect that an important piece of research on the problem of diabetes was
being carried out in Dr. Macleods laboratory in Toronto, I got in touch with
him and he advised me to be sure to hear the paper 1o be presented by Banting
and Best in New Haven the day after Christmas, 1921. S0 as to be centain not
ta miss their paper, I left Indianapolis carly on Christmas Dy, much to the
disgust of my family. T was well repaid. It is true that Banting presented his
material somewhat haltingly and certainly very modesdy. However, anyone
who was at all cognizant of the subject must have realized that a grear dis-
covery had been made and tha, provided the work could be brought to fruj-
tion, there was every prospect that an important means of treating diabetes
would be developed.

Immediately after Banting and Best had presented their paper, T went to
see Dr. Macleod. He introduced me to Banting and Best and we had several
talks that day and the following day. I pointed out to them that before long
their problem might well be one of large-scale production, in which case they
would need the sort of help we could give them, represented by men like
Rhodehamel, Walden, and Scott—men who were not just chemists but also
chemical engineers. The Toronto group had at its dispesal able physiologists
and lauterly biochemises and chemists, but chemical engincers were at that
time great marities in university groups and Toronto lacked that type of
experience.

Dr. Macleod, who was the head of the department, was ext remely cau-
tious and hesitant about any sort of co-operation with any group outside
Torento Universit y. However, after three or four months of negotiation, a
plan of co-operation was worked our; then commenced, at least for me, the
most strenuous, the happiest, and cerminly the most interesting period of my
lifie. T believe thar all those who collaborated in the work on Insulin will have
the same feeling. It should be said for Mackeod that when he returned to
Toronto in the fall and realized what had been accomplished during the sum-

46 mer by Banting and Bese, he immediately threw himself heart and soul into

the project, brought Collip into it to work on certain very important bio-
chiernical aspects of the pMML'I!!, and did t'\'\'r)‘l]]ing in his power to ac-
celerate the progress of the investigation.

B}' the time we came into the picture, in the spring of 1922, a crude prod-
uct was being produced and some tests had been made on human cases. We
concentrated our entire research effort on the pmblﬂm nfpmdu-;;ing Insulin
—purifying it, st g it, and testing it. By July and August, 1922, we
were already supplying Insulin to Banting and his associates, and shorily
thereafter Insulin was being provided for Drs. Joslin, Williams, Woodyatt,
Wilder, and other leading diabetes specialists in the United States,

At first we experienced considerable difficulty with deterioration of the
product and consequently were never certain thar material which had given
a good test on animals in Indianapaolis would give an effective result when
tested clinically at some remote point. Cases of coma ealled for large amounts
of material, and in the early days we were more than once compelled 1o in-
terrupt important experiments or to defiect material from severe cases inorder
to take care of some emergency coma case.

It should be remembered that during a considerable part of this develop-
mental period we were still dependent on the convulsive test in rabbits, car-
ried out statistically. It was only later that the blood-sugar-lowering test in
rabbits was introduced as a standard procedure and much later the convulsive
test in mice, which is now so extensively employed. I believe that during the
last six months of 1922 we employed over 100,000 rabbits in the conduct of
these convulsive tests.

Meanwhile, during the months from August to December, 1922, the
problem of Insulin production on a fairly substantial scale was waorked out,
step by step, as a result of close collaboration berween the Toronto and In-
dianapolis groups. At the beginning of this period, I remember more than
one oecasion in the course of the summer when 100 10 200 units meant a great
deal to Drr. Banting and his patients. A month or two later we were talking
in terms of thousands of units, then later in terms of tens and hundreds of
thousands, and finally, when Walden perfected his isoelectric fractionation
procedure, it could be said that we were really “our of the woods.” By the
beginning of 1923 we were in a position to produce all that was needed for
the clinical treatment, which was still restricted by the Toronto Committee
to a limited rumber of institutions and individuals having experience in its
use. The Toronto and Indianapolis groups were working on parallel lines,
exchanging information freely and having conferences in Toronto or In-
dianapolis almost w‘:cklf\', until ﬁn,;l“g both groups were able to “gﬂ. their




heads above water” and were no longer cmnpull{'d to restrict unciu|:,' the
r of Insulin sent out for clinical purposes.
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