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THE STORY OF THE HISTORY OF DIABETES ELLITUB

Thomas M. Recht

Sutmitted in Partisl Fulfillment fdr the Degres o
| Soster of Medtaime

'



A DEFINITION OF DIABZTZS MELLITUS

"Diabetes is an hereditary disease, charac-
terized by an incresase in zlucose in blood and
the'excretion of this suger in the urine; it
‘1s dependent upon & deficlent formation or
diminished effectiveness of insulin secreted by
the beta cells of the Islande of langerhans of
the pancreas and iz functlionally interrelsted -
with conditions arising in the liver and in
endocrine glands other than the pancreas par-
ticularly the nitultary and aldo the adrenal -

" and thyroid." - | v

--Z1liott P. Joelin (1)
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Foreword:

This veper will attempt to tell a story. A true
story, but one without a final conclusion. The plot will
follow the evolution of Giavetic history and is divided
into three sections: The Era of Observation, The Era of
Starvation and the Era of Trestment. Hach of these sectlons
heg its own particular cast but with all nembers concen-
trating on only one subject--the cure of diabetes mellitus.
The particular contributions of each member of the cast
will be dGiscussed in relation to the definition of dla-
betes previously presented.

The suthor's division of the history of diabetes
into three eras is quite similar to that proposed by
Allen (2).‘ However, it was propounded before reading the
work of Allen and for the purposes of this paper 1t is
completely satisfactory. It must be remembered that the |
three eras are interwoven, for there was treatment of
diabetes in the earliest stsges of its recognition in
history. Today we still maintain our diabetic patients
on diets. o |

The Ere of Observation begine wifh&the.first known
reference to diabetes aS‘fQund in thé'Ebéré Papyrus {(3)
in 1500 B.C. and extends to 1797fA{§, At that time,

Roilq (4) introduced the first d;ét:ﬁsé@ in the treatmehp

:of_diaﬁetes and thus initiated the Zra of Starvation.

(2)



This era prevailed until 1921 when Banting and Eeet (E)j*?f
aiscoverec insulin and introduced the Era of Treatment.f f
It will be noted that the Era of Observation is greater".
than 3000 years in length, whlle that of the Era of
Starvation is just over 100 years long; and that of our
‘present era, the Era of Treatment, has proceded for a
mere 35 years. Thus it would seem that we are elucidating
‘the secrets of diabetes at an increasing rate. But, we
_cannot yet predict when we will enter the Zra of Cure.

The construction of this paper is sueh that the
euthor sincerely hoves the occasional reader will snjoy
 hi¢se1f. The style is that of the”aﬁthor*s. lsvity is
‘freéuantly used, rather then a mere statsmént5and ro=
irtérgmn. of fact after fact. It is ms feeling that
ﬁhistd?y is living and should be treéted.és such. . Finall,,
is ahould be stated that the nrimary uuppcae of the paper “
is not onlJ to furthar the un&erstaﬁdina of- diabetes in ;?
‘p&rtieular but alsc, ‘the evolution of modemn medicine in
&gensral. Thot Such an anderstanaing can be obtained
i?from 2 11v1n5 thesis shouad be B tangible aid.

)



The Era of Observation: 1500 Buele = 1796 AeDo

"Ch, most hizh and exalted uriest, communicator
with the _ods, most devine in tiine own right, producer
of goéd eoirits and creator of miraculous drugs, give to
me somethlnz it which I .ai_ht control the excess flow
of urine thst has been unon ne since twenty risin_. suns
after the flood of the mi ;ht River Iile."

This Dbeseechment of a sriest by a pétient suffering
from dlabetes ai:cht haove beeﬁ heard in ancilent Egypt
prior to 1500 EC At that time a oriest recorded tie
methods of dlaznosis and trestment for various illnesses.
Thies record is known to us as the Ebers Papyrus (3).
It has 1n 1ts annals the diaznosls of polyuria, which
Barach (6) and Major (7) tell us alludes to dlabetss.
‘With such a stirring and pessionate appeal, it was quite
‘impossible for the priest-pnysiclan to refdee to prescfibe
féomé remedy which might aid the patient. Such an elixir
vitee mizht be this (3):

"Remedy to Regulate the Urine

A—measuring-glaSS*filled-with—water-from~

the~Bird=-pond

Elderberry

Fibres=of~-the-aslt-ovlant

Fresh Milk

Beéer Swill

Flowars-of«the«Cucunber
Green Dates ’

b 1t et et et et

Make into one, strain, and take for four days."

(%)



It 18 not known whether thie- rather unuaiatable
‘concoction Had the desired effect, but 1t cen be assumea
that thée vetient was‘aided in nis oSrozress towavgs‘aclaosfé'
by the emetic action of the remedy. Bfyan stated (3),‘
"Me less said alout the remedice for the treatment of
Polyuria and frequency of icturition the better
Regardlezs of the nanner of treatment, vroper CPeéii must
be ziven to thece ancient neoples for recognlzing this so-
called disease of polyuris. here are anparently no other
known records of the disease for the next fourteen ana
one~half centuries.

' Hippocrates (6), in the early Greek IZra, 460-377 BaCay
neither recognized nor recorded the sign polyuria or N
the disegse diabetes. | |

Tnere 'is no further note of this disease until the
~the of Christ. Aulus Cornelius Celsus then accurately 
‘described dlabetes (6), writing of it as a diseate m'th-'
polyuria and wasting (8) He. was S0 impressed with tne”
‘auantity of urine produced tnﬂt he stated that . tne patienta*
*fhus afflictea had a discharge of urine. 2reager than Tae:
}amount of f1u1d taken by mouth. Tbis statement Was X
’qtsnd for 1500 years before being discounted.:_

In the late Greek Period, 200 A.D‘, taere 1ivea &

' man of some eminence medicallyo he Was Aretaeus, the

'Cappadocian. His descriJLions of diseaues were amd still;

(5)



are rniotably accurate, being based on what he could see,
what he could feel and what he could hear. An English
translation of his dsseription of disbetes will be ziven (9):

"Diabetes...bein: a melting down of flesh
-and limbs into urine. Its cause is of a cold and
humid nature as in drovsy. It affects xldneye
and bladder, the natlents never stop waking water.
It takes a lon» vperiod to form (the dicerse)
but the patient is short lived if the constitution
of the diseace be comnletely esteblished. Tnirst
unguenchaeble. DMore water is drunk tuen is »assed
in urine. If water is not /1vnn, they expire
rapidly (at no dist=nt turn

If they restrained themselves from pnassing
water, they beccme swelled i1an loins, scrotum and
niloes. When they zive vent they dischar_ e the
collected urine, aacd the swelliu: cuoside for the
overflow nass to the wladders.

If early, tuirst is not wmarked, but natlents
have parched mouth, while frothy saliva. ILittle
more then normal urine is passed. A seunsation of
heat or cold from the stomach to bladder i: the
advent of the a nroachinz diseszess.

- Hwaciation seen with progzression of the
disegse.

The diseaz: apoears to me to have ot the
name diabetecs, as if from the Greek word which
signifies g si“hon, because the fluid does not
remein in the body, but uses man's Lody as a
bladler whereby to leave it.

Cause of the disesse is elther a preceding
acute cClisegse, or some lurking melignlty. It
is elso simil-» {0 a enndition a%oﬁuced'by the
bite of a dipsar (a viper).

Treatment: Species of drcpsy differinzg only
in the place by which the humour runs. In ascltes,
recept cle 1s peritoneum. In dilabetes, kidneys
and bladder. Thirst mreater in the 1attvr since
fluld r.ns off.

The thirst must be cured for as water is
taken and passed off.in the urine, particles of
the body are also carried away.

Strenétnen the stomach since it is ‘the foun=
“tain of tnirst. Wnen you therefore have nurged
the hiera, use as Eplithemes the nard, mastich
dates, and rew auiinces. Taken they form a cata-

(6)



plaém. Water nust be bolled with autumn fruit.

Eat on milk and cereals. Astringent wine zives

tone to the stomach. Do aot uilate since tnev

clear away other numours

We cen ses thaot Aretaeus recoganized poiyuria,'poly~
dipsia, emaclatlion, the rapldity of deatihr with aa uncon~
trolled case, the early symptoms of narched movth end the
normal appearinz urine. Also, could a more aporopriate
name heve cowe to the Greek ohysician than one which.
signifies a sipnon? It wlll be noted that Arestaeus re-
cognized the fact tﬁat more water is drunk then is passed,
but the word of Celsus is the one that appears in later
llteratureo

At approxinastely the same time, the zrest 3mlen noted
that diabetes was a "weakness of the kidneys which caunot
hold back water” (6), and that the urine had the appearance
of unchanyged arina.' Thus the *reat Jalen whose works so
influenced cnd limited the medical thinkin; of Europe in
‘the subsequent éenturies felt the diseasé to be worthy
of little mention. Could it have‘been‘because he could
do nothing for it, or was 1t because he saw so little of
the dlsease he felt it to be rare?

From the Meaiterraneaa area, wnloh was abcut to be
plunged into darknecs and irnorbnce for goveral centuries,

we move to the older civilizations of the Orient. Thare

we finé a reference clearly describing dlavetes and lts

(7)



peculiarities 1n the -Second Gentury A.D.

"In Pramelia, or polyuria...caused by air,
there-.is flabblness of the fleshes.dryness of the
throat, sensation of sweetness in the mouth,
burning of the palus and the soles, and attraction
of ants by the urine."

"When the urine is seen to be limp and is
as sweet as honsy...and the tissue are greatly
attenuated, the disease should Me re5arded as
having the excited air for its eause.

The preceding quotation is found in the writing of
the Hindus as noted by Major (7); but according to Barach
.(6),'another reference is found from the same peoples in
the sixth century. At this time the disease was called
Madhumeha, hohey urine,

It is s dlsease of the rich and one that
is brought about by the gluttonous over indulgence
in rice, flour and suger. The order of disease _
is ushered in by the apnesrance of morbld secretlon
about the teeth, ears, nose and eyss. The hands
and feet are very hot and burning, and the sur-
face of the skin is shining as Aif oll had been
applted to it. This 1s accompenied by tnirst, -
end & sweel taste in the mouth. The differsnt
.varieties of this dlsease are distinguisuad from
each other by the symptoums of deranged humours’
and by the colour of the urine. L If the disease
is produced by ohlegm, insects approach the
urine, the person is languid, hie body becoues
fat and there is a discharge of mucme from the :
nose and mouth, with dyspeptic symptoms end locse-
nees of the skine. He is aIWays sleepy, with couah,
and difficult breathing. ,

. e»s2. The urine is like the zuice of the
sugar=cane in colour and tegte.  s.s8. When thére
18 a coplous secretion of urine which is sweet
and cold. 9. When there are freguent .galls to .
make urlge, which is aischar¢ad in small quanti~
ties:..; . : <

Yot another referenee alluding LO the sweetness of

thé urins was mzGe in 500 A.D. by Susruta, an Indlan

(8):



physician (8).

It was zlso ¥nown at this time that all the hebedi-
tary and conzenltal forms of the Ciseace were incurabie;*f
and that if other forms were not oproperly treated, they
zenerally terminated in sweet urine. With the appearance.
of this latter sizn, the disezce became incurable (6).

The Chinece and Japanese, as recorded in 229 4.D _
{6), wrote that urine of disbetics was large in amount aand
“wae imbued with such sweetness that it attracted dogs.
FuruncuIOSié wae also noted to be associated with the
aisease. | |

Arobia 1s the site whlch produces the next notable
recobding of the recoznition of disbetes (6). Avicenna

{8), durinz the eleventh century, qlaimsd that dlabetes
‘maJ be Urim ry or secandary to another Giseace and also
observed that diabetic natients have 1rre&u1ar appetites,
:‘suffer great thlrct, nervous exhaustion, an lnebllity to
work and loss of sex funOuiGny He aluo’QSSinDQd "brenze
diabetes. . He. noteu that urine. 1eaves a residue 1ike
vhnney and tn t edrbuncles, phthisis anﬂ diﬁbetic gsngrene
wéere often seen. He stated thai treazmant was nat etrective.

" In the veconds of ‘the Upientsl aad Areblan uaoples,_ ;

fwritten durin\ EurODe’s Dark Agas 'ﬁé Tind thaa»tney
| knew of the neredity, the zlycosuria, the polyuria, thé

}associatlon with' 1nfeoticn, the PéiatioﬁSﬂiD with carbo- .

gﬁhydrats rich dlets, the aehydration, the aysoensia, the‘

(9]



lethargy and deen breathing associated with acidosis,)
the neuropathy and the aoparent 1ncurability of the &isease.

Tue Renalssance spread gradually over Europe.. Its
gestation veriod was two centuries, :(ive or take.a few
Gecades. The "re-birth" of medicine was.not so 1eisure1y,.
particularly in Germany.

Galen's views, which had permeated the thinking of
medicine for meny centuries and had withstood the test
of a non=-corrosive type of time, were the alphs and.oﬁéga
of medical science. During the early nart of the sixteenth
century a bombastic, egot*stical inflated, bellicose mass
of cornified vrotoplasm answerinb to the nasme of Aureolus
Phillipus Theophrastus ?araeelsus‘ﬁombast von Hohenhelu,
better known as Paracelsus (6), appeared on the scene.
Béing amont the most radical of the heretics, he gave
medical lectures in Jerman instead 6f/Létiﬁ¢ hs denied the
‘theory of phe'”Eour Humours® and permanenily déaecrated
Galeg by burniﬁs his books. Paracelsus was among the firet
to record his views on the dlsease dlgbetes. He evaporated
" urine, obtaining "salt” whlch he st-ted made the kidney
-thirstj'aﬁd caused nox&aria. Althdﬁgh,&é‘was subgequently
proved wrong on all points mentioneq, thia man s attributee'
extended far beyond his’ feelings o’ diabetes. js was
fitting with nis life, Paracelsus dled aftar ﬁe was pushsd ,
from a window durinb ar argumenﬁ.- ;

From Jthe time of Pzracelsus the number o; rafarences

(10)



;ﬁofdiabetaa in the literature increase. Thiéfiﬁbreaﬁbdiaﬁ‘
di"r'e'c‘tly related to the poﬁularity oi; the nrihtiﬁg bbéés; ,
which made its appearance in the fifteenth century under f
~the gulding hands of Johann uuter_nbex_-g. Thus 1t became |
~possible for the learned men, and those not so learne'd
to spread their knowledze by means of the printed Dase.
Shortly after the recordinzs of Paracelsus, Cardano
(6) dispelled the -idea. of greater fluid outbut than' intake
by the remamable method of keeping e record of the intske
" and cutput of Datients with diabetes.‘ i
| In view of the knowledze of -the age, Trincavella. ‘
(10) orrered a rather remarkable solution to the . problems
of diabetes. He pointed out that the urine was composed
of wisltered fluid ingested by the aupjd&£i é£ﬁce 1t'pb§ﬁ
: sessed’thé tagte of medicinal driaké‘taken by the patieh£;A<
. Hence diabetes resulted from the intake af sweet -drinks  .

,»'contaming sugar in. exoess.’

gy

_ Thomas Willte (16 A,,i%?a) 1g enarally aredited with
 the hérole discov*ery that the urlne 6f‘ diabatic patlanta -
fe Bedt . (11). Although.ﬁe was precedad An thls discovery
by ms.n;y authors, no. g,lar'y should be’ divérx-ted £rom tla;.s man :
| Por- he hroughsb this rac‘t« to tm p,ttention of h:Ls cﬂn- o
; ‘oémporariea. Writing in Iatm, Wiilis statm 1n Seotion
rIV; Ghapter III of h&s Pharm. Ratiopells {ig)‘_.ff

(31)



*Of The Too Mnch Evacuation By Urine And
its Remedy; AmdEspecially Of the Diabetes
Or Pissing Evll, Whose Theorx And ‘Method
of Ouriné, Is Inquireu Into.}

"The Diatetes wae o Disease 50 rare among
the Anclents, that many famous Physlclans have
not som much as mentioned it and Galen never
knew above two that were troubled with 1it; but
in our Age, that is ziven so much to drinking
and especially to *uzzlin~ of strong Wine, we

- meet with very frequent, not to say Qdilv ezamples
and instances of t'.is. DiSLemuer.

" ...But as to what several Authors sg s that
the Drink is little or nothing changed, ere is
no truth in their assertion: %wecause in all
Poople...their Urine was very different, not only
from the Drink thdt they took in, but also from
any other humours that are usually generated
in our Bodles, being exceedingly sweet, as if
there hed been Sugzar or Honey in it."

"Wlllis further expounds on the clinical picture¢
- He alse presenxs his vieﬁ‘that this disease 1B not prima-
rily;inwthe kidneys but 1s an affectiom or distemper
of the blood, sharing the cause withv?nervbué Juice."
He also recognized the presence of neuropathy by'ataéing,

"...I hrve observed in many Feople who

have been subject to this diseass by intervals,
“that a little vefore they fell imto such a fiux
of urin, they felt flying, running pains throuoh
thelr Bodles, and corrugations sometimes with
.dizziness or'stinzing and other while:with ,
frequent contracticon”or conyuleiond; twingings
of the tendons and other disturbantes and rest=-
lessness ‘of the spirits; which was a tertalm
sign that the liguor whlch moistehed the nervous
ribers, beins dezenerated from .iis temper, @dd
filled with dregs, did irritate.pr provoke the
solrits, and force them Into aiﬁd?ders. 2R

~Rsachinc 1o definite coaclusinnfrrom the clinical |
pieture he ralses the cuestibn, "Why 1t (the Urine) shoula

be so wonderfullr sweet like Sugar or Hﬁnea is not easie

(12)



to untie.™
The,following prescriptions were ones prescribed by
two men which whom he consulted, of wihich he said, "..s
they had prescribed the followinz remedies by the use
of which he (the Patient) seemed to grow well azain."
"Pake of the Tons of Cyprers vill handfuls, of "
white of XZzgs beaten together, two pints, of
Cinsmon jl 88, when you have cut them smagll,
?our to them of new milk vii uints distil them

n common instruments, takingzg care that it burn -
not; and let the patient take} vi thrice a day."

-

and

"fake of Jum Arebick, and Jum dragant eécn.}.Vi

of Pened 1 nake a wader and let him take

%gggg water }igﬁ- with ¥ 111 or }.’w of dis~

From the above remedies, it seems'thét little ther«
apeutic orogress had been nzde fram the time of thé An-
cient Egyptians. They nad, nowever, two aspects in
commoni 1) Both were s;ngularly ineffectivé; and 2)
both were unquestionably vile and repulsive.

The year 1632 marked a failure for tue urOcess of
.aerendipitJ and also placed the title ot unncnciousness
unon a great physiclan. - This was tqe yéar that Brunner
‘ deoancreatized a dog in an effdrt to determina it the
‘pancreas were necessary for diweation (13) ‘Bruugder felt
that the duodenal rlands he dsscribeﬁ assoaiated with
Peyer's Patche§ were the only neceasery eléments‘for
dizestlion 1in the 3astro~int§§tihél!tract. With the d05‘"

“"devsnerestized, it was noted thet the animal wade water

(13).



ifreouenbly and disolaved a marked thirst._ Tha freouency

of his urination was not at the expense of the totwl volume'
iat.each urination. The Go_ eppzrently delizhted Brunner

by snatching meat from e neat market where he had once

been kept. He concluded that tue doz in no vay suffered

in health. According to Macleod (13) this experiment
depressed further investization in the pancreas for 150 .
years. ,

In the ei;hteenth century, Homel(7) vwas the first to
point;odt that yeast fermented the sugar la diabetiec urine,_'
Mead (10) in 1754 reststed that diabetes was 1naependent
of the ﬁidney, while in 1763, Sauvages (10) described seven |
kinds of diébétes. During this same period; Cullen (11)
édded‘the adjective "mellitus® rrbm'tﬁé“afeékvword'7melﬁ 
‘1toes,. meanim honeyed or’sweet, ta*dlat‘mouish the dise'a,se
from.'insipid“ diebetes. Dolssux (16) in 1775 Pointed
‘out tﬁat“fhelﬁioaa sertm of aiabeties fossessed s taste
of suy ar, thus aroving that su*ar 1n tne urlne Was not ~'J
 formed in the kidney.‘ One yaar later, Dobson (6,7,8)
demcnstrated tﬂat diqbetic olood 1s SWGat and aiabetic

urine contains fermentable su,ar¢»fan¢ftlj after this,

Cawle; (6) diaﬁnosea diabetes b" demonstraiinw the prQSGnc9; 
of sumur in the urine, lﬂ°tead of from stptoms and signs
alone. According to Macleod (13), Gawlay~Was the first

;;to suggest a relationshly between didbetes and the pancreas.'

“ The the of Pel:;t:.«.'.w.i.ahip is -.111:.-..1&)?.’1’1.

(14)



The Era of Starvation: 1797 - 1921

~ The treatment of diabetes in this era might be termed\‘
f31etar: control." However, the various nethods amounted
to nothinz more than starvation.. As we shall see, the
life of the patisent generally varied directly with his
ability to starve himself. Although life expectancy was
incressed with this treatmeunt, the disease remaineé in=
curable. Death prevented further starvation after no more
then a few years and at times the patient succumbed in a
metter of months.

Two segments of scilence rﬁn parallel to each other
auring this period. The cliniciansvattemptéd to control
disbetes by means of . dlets and other methods, while the |
reééarchgrs were mainly interested in the etioibgy of
this disease--stressing the disease?gna'not the patient.
In fhe.former group we find Rpllo,:ﬁhﬁuéh&rdat,~ﬂan£an1{

Raunyn, xfl1z, von Nborden, Jbelin Allen and many others.
, In the latter group We find Bernar&, von Haring ‘and Min&
xowekl, von Fehling, Benedict, Iangerhans, epie and others.
These two aroups will Ye. coﬂsidered sepéﬁately in the
',following discuSsion.‘ s | s '
' mshty Englend of the 1at,er eighteantm oenmry pro-
 sduced a med1Ca1 hsratie. “Rather tnen dunking him 1n the
 friver for witcheraft ae tne newly freed Ameﬂican Golonies
‘%zere doing, they let him writs a book. From what was

{15)




written, 1t can be seen that this sentleman had two unusual
natients with which to work. ‘These two patients were found
in the army in which John Rollo served as a physician.
After éll, where else could human :uinea pigs vte found?

Aside from tnhis, Rollo (4) gave to the medical pro-

, Ffession the first ratlonal method of treatment. This was

the first great advance in treatment in the history of
diabetes. Diagnosis of frank cases of the disease was

not difficult and proof of sugar in the urine of diabetics
had been offered (6,7)s The basis for his dietary treat~

ment can best be given in his own words:

"1. Diabetes mellitus is a disease of the.stomach.

-.2. The kidneys, other parts of the system, and
head end skin are secondarily affected.

3+ . The stomschs actions consist in an lncreased
action and secretion.

4. Thne cure 1s accomplished by regimene and
medicines preventin: sugar formation.

5. JMetinence Trom vegetable matter, with a
diet of animal food with emetics, henatified
ammonia and narcotics, comprehend the prin-
cipal means to be employed.

6. Two objects occur in cures: l; relieve

. increased action of stomach; 2) prevent

.sugar formation vezetable mattier.

7. ZLungs and skin have no conneetion with
production of the :disesse.’

8. Quantity of urine is proportional to water
taken in.

9. That diabetes pmellitus is 8o far understood,
a8 _to be successfully cured."
His series of two ecases did show.remarkable relapses.
The price to be pald was one of taste in which the dlet
consisted of meat--rancid, repulsive, repugnant, moldy

meat. This was a price not pald by most patients.
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His first patient's urine remalned clear of sugar as long
ac he was on thls diet. (It should be noted that the present
day testé for urinary suzar vere unkown. Instead, the
dally secretion of urlne was boiled until a thlck syrup
was formed. Thls syruwp, if sweet, was consldered as
evidence of suzar in the urine and 1f not sweet, of belng
free of sugar.) After several weeks of therapy, during
which time no sugar was found in the urine and during whicn
time the urinary volume decrcased markedly, the patlent
was dismissed as cured. The second pztient would not
follow the dist prescfibed and slioped from the czre of’
Dr. Rollo. He died at a later date. It should be stated
that his cardinal sym?toms of volyuria, polyphazla and
polydipsla were alleviated curinz the time he was on the
near BtarVation dlet of ihils nnysician.
~ One devotee of Rollo was Robert Watt (2). Writing
in 1808, tnis man not only advocated Rollo's diet, but
carried 1t one step further by stating,
"The antimonial powders avnéafed'to have
a more decided effect. They- nroaueed very severse
sickness, vomiting, and commotion-in the ttomech
. and bowels. The night after takigi these, the
urine was greatly reduced; and hext day he found
himself uncommonly well.  On repeating them,
they nad not such violent effects, nor was the -
relief obtained 80 decigive,s.» - *uything which
produces sicknecs hes a temporary effect in
relieving diabetes, by diminishing the quantity
of ingesta."

He slso stated,

(27)



M. ..the first oim of tlhe oractltionsr should

e to.remove a wortion of that food, whien since

it cdoes u10t sourish, wucst opprecc snd injure the

.system. Auinel diet :ccomolistes thlis object

to & cartain extent...."

It wes observed thet feedin. tle oetient with dia-
betes in an attem st to enhance uls strength wos without
rewarc, whilé stervin: nin JroCuced some desliraeble effecta..
Bleedln_ and blistering were alsto adhered to oy this
nrectitioner.

Yet anothsr »hysiclan, Pslham Warren (2) supported
Rollo but gave dletary manazement e secoudar; slece in
the treatment of diabetes, feeliny thst oplux weae the
primary therzpeutle azent to te used. It is Dbelieved
thet he was the ori_inator of the osium treatment of this
vdisease. The fact thut onictes tend to decrcase the
appetlte was not reco;anized at thils time.

Prout (2) also recommended a diet but only for the
reason of not overloading the stomach. He felt that
vezetables could he allowed in the diet.

The four previously mentlouned men were the cihlefl
suposortere for dietary trestment at this ;ime--a resimen
to be lznored for t.e following 30 years.

Althouzh the site of the disease was eérroneously
placed, we have patients who were helped by dleting.

But as 1s often seen in mecdical history, the medical sro-

fession was not yst ready to accept a method of treatment
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without further evidence of its effectivenses. This ig

s amazing method of suppressin:

~—

thet wanieh ie new, since
further evidence cannot ve _eined wiltihwout trial and if the
profession will not try it, the treatisent dies. Therefore, .
dietary treatment Tell oun its uapralatable face for uwany
years ané dlavetes continueld to wend ite unaltsred course
throuzh the numan rece.

The therapvesutic measursc used by the practicing
physidian from the early fo mid-ninteenth ceantury are
well stated by Basham (17). Permanganate of Hotecss,
sulnhlte of soda, hydrochloric acid, opnlum, diashoretics
anl alkalles were tried, all with sinzular and resounding
failure. Bashem felt that opiuw was of some benefit, since
it relleved the patient subjectively. 1In the lisht of
knowledze at thils time, the rstionale for tnese drugs was
quite good. Tie basic assumvtion was

"Disbetes 1s a dlsordsr of the digestive

and acsimiletive functions.... The alimentary

princlples are more rapldly converted into

suger or zlucose than in healthy d&igestion.”

With thls in mind, permansanate of notass was used
to suﬁply oxyzen in order that izlucose mizht be broken
down 1nto smaller particles in the intestine. "Diapho-
retics (antimonlals, warm baths) increase skin sscretion
of fluld and thus lesseninz the load on the kidneys."

It can be seen thaet the faulty reasonln: was based on

insccurate knowledie of :lucose metabolism. This clinicilzan
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mede no mention of dletary restrictioh.

'it.was the middle of the ninteenth century before
more was heafd from those interested in diet as & meaus
‘of treatment in diabetes. The lsader of this minor re-
nelssance was Apollinalire Rouchardat. '

Bouchardat (18) was a man well fitted for the leadin.
role winich he played in the advencement of diet as the
treatment of diabetes. His vivid imaginetion ;ave birth
to many of the basic concepts of dietary treatment.
Hovever, it was Rudolph Eduard X#lz (2) who proved many .
of Bouchardat's suggestiohs, thefebﬁ puEting them on a
scisntific basis. Bouchzrdat 5ave~hope to diabetics.

This he did bj dietary control, much efter the fashion

of Rollo. Hé felt that glycosuria had its)origin in the
suzar efvthe blood, which in turn came"cﬁiefly from carbo-
hydrate in- the diet. He urged that his patients regulate
}theirlgarbohydrate inteke, although recognizing that -
protein could be eonverted to glgcosea His success With
diets lay in the fact that the epicurean s‘en'se_slbf' tLh‘g
patients were sétisfied with hot—unéayébryvfoods. ‘Breed
and‘milk'Werefwholly exciuded;.bﬁt gl@ﬁ%h'breadgwgSQailowed.
{(This Dbread was lpﬁ in carbdhydraig.v iﬁter 1t gaéfpfpVeé
to te ineffective, in that:1£ c6ntained a éigﬁifié#nt
number of ﬁtilizable.oalo?ies. Oéé&Sionaiufast'days

(Wéré‘utilized to sup:lemeut .the diet restrictions.
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In addition to diet, Bouchardat was among the first
to suggest an influence of the pancreas in the etlology
of diabetes and was the originator of attempts to produce
1t by pancreatectomy in dogs (2). He based his reasoning
on the fact that the pancreas of diabetlies was often
found to be atrophied. This atrophy with the preceding
hypertrophy of the stomach was felt to be the seat of
diabetes. Hls attempts at pancreatectomy were without
8uccess.

UBing the process of fermentation, Bouchardat demon-
strated that the blood of disbetics contalned sugar in
amounts which could not be found in normal blood. He
recognized the difference in action between glucose and
fructose, employing the latter as a sweetning agent in
his diet (2, 18).

Arnaldo Cantani ably supported the concepts of Bou~
chardat in the latter part of the ninteenth century.
Iatitude in diet was disallowed, the patlients often belng
placed in locked rooms for several weeks and fed on a
completely carbohydrate free diet (2). Up to 500 gm.
of meat was given dally. As Bouchardat before him, Cantani
proposed moderate exercise as being beneficlal to the dia-
betic patient and recommended such for his patients (19).
The support of the dietary regimen'has Canteni's main |
contribution to the therapy of the disease. He advanced

the theory that there was an abnormal or "paraglucose™
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present which could not be used by the body. He felt that
any atrophie changes in the pancreas were the result rather
then the cause of diabetes.

The man succeeding Bouchardat and carrying on the
work of promoting dletary treatment was Bernhard Naunyn.
This German stood alone in his country as a proponent of
this treatment. Although he was not known for his great
discoveries, Naunyn was an exceptional clinician and
trainer of men. We shall hear later of his students,
especlally Minkowski (20).

To Naunyn goes coredit for humanizing dietary treatment,
since he felt that individualization was necessary. He
realized that a person in a sedentary occupatlon requlred
fewer calories then one engaged in heavy labor. He placed
food lntake on a caloric basis. He did not connect the
disease of diabetes with the pancreas, supporting instead
the i1dea that dlabetes was a functlional deficiency in whilch
treatment had to be directed toward sparing the weakened
function. According to Allen (2), he also considered that
"It is certain that disease of the nervous system and of
ihe pancreas can produce diabetes." Although he limited
carbohydrate and protein intake, he felt that the sugar
formed from fat was negligible and that this substance
could be plentiful in the dlet, 1f total dletary intake

was maintained below 35 cal/kg. (6). His plan of treatment
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(2) was to withdraw carbohydrate gradually, to give alkall
if the patient were acldotlic, and to limlt total caloric
intake with about 125 gm. protein in the dally diet.
Exercise in limited quantities was also advocated as
helpful.

Marsh, 1854, and KHlz, at a later date, supported
diet as the only means to control diabetes {2). The
latter author was the first to calculate dlets on the
basls of calorles.

von Noorden (2) was the next great leader to adhere
to dletary treatment. He advocated the regiﬁen of Klilz--
that diet in which carbohydrates were restricted. His méin
contribution was that of continuing the use of this therapye.
He advocated the "oat cure" at one time, believing that
oatmeal was a source of bulky, low-calorie food. Further
study falled to support this treatment. This cure ranks
with that supported by Donkin (21) in which diabetes was
cured by feeding the patient a diet of skim milk. Also
seen during this period (later ninteenth century) were
the rice cure, the potato cure and various bread cures (2).

Guelpa (2) with his ourgation and starvation, Petiren
(7) with his low protein, high-fat diet, and Woodyatt (2)
and Joélin (22) following a fasting regimen were all sup-
porters of dletary thgrapy preceding the last of the great
dietary cliniclans.
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The author of the last great dletary method was
Frederick Allen. This author's voluminous work, published
in 1913 (23) and followed by a monograph in 1919 (2),
was the final word on dietary treatment. Basically, as
with many of the other dlets, Allen's plan of undernutri-
tlon or planned starvation was one which consisted of total
dietary regulation. The patient was limited to approx-
imately 30 cal./kg./day with little more then 30 gm.
of carbohydrate per day in a case of moderate severity.
Proteln was llmited in ration to the severity of the
dlabetes, while fat was added to bring the total diet to
the necessary caloric value. Patients were regulated 1n
the hospltal, receiving instructions on plannsing their
meals and preparing their foods. If a sugar free state
were obtalned, a sugar tolerance test was generally given
to determine at what level the patient could be maintalned.
As an lntegral part of the therapy, fasting days were
instlituted, during which the diet was limited to beef-
stock broth and other low calorie liquids. Even 1f the
patient were relatively well controlled, it was not unusual
to have a fasting day every two weeks. Fasts were maintained
up to 30 days, 1f necessary to obtain sugar free urine.
This therapy was the epitome of planned starvation. In

spite of the severity of the diet, the patlent's life was
usually lengthened although the prognosis remalned poor.

let us turn back to the early years of the ninteenth
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century and follow the developments in basic and applied
research up to this point.

We find that latham (2) in 1811 and Gregory (2) in
1825 further established that there were two types of
dlabetes--mellitus and insipldus. This substantlated the
idea that glycosuria was necessary for the dlagnosis of
diabetes. This theory was also supported by Chevruel (10)
who showed that the sugar in urine and grape sugar were
identical, that is, both glucose. Advances in this dlrectlon
were supported by the discovery of Tiedemann and Gmelin,
in 1821, that.sugar formed independently of carbohydrate
taken into the digestive tract (10). The year 1833 pro-
vided two steps which broadened the understanding of
digbetes: Stadelmann (6) discovered B-oxybutyric acid
and recognized that diabetic coma was the result of the
increased formation and accumulation of this acid; and
Richard Bright (13) suggested that there was a relation-
ghip between diabetes and the pancreass. But the relation-
ship was not explalned.

An important step in the early diagnosis of dlabetes
was taken in 1841 with the announcement of Trommer's
discovery of a copper reduction qualitative test (2) for
glucose and other reducing substances. This was followed
in 1848 by the quantitative method of Fehling (14,6).
Another three-quarters of a century was to pass before

significant advances were made ln these tests.
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During this period, Claude Bernard (16) contributed
much to the understanding of carbohydrate metabolism:
the discovery of glycogen as produced by the liver, the
finding of glucose in the urine following a pin prick of
the floor of the fourth ventricle of the brain--his piqﬁre
experiment-~-and many others not related to dlabetes.

He felt that diabetes wae a permanent form of piqﬁre ih
which. the brain stimulated the release of glucose by in-
creasing blood volume going to the liver where endogenous
blood ferments could act on the glycogen (2). He also
felt that the pancreas could not be removed and leave a
living animal. The cause of death in those that survived
the pancoreatectomy was extreme emaciation in spite of a
voracious appetite (16). Bernmard had missed the diagnogis
of dlabetes.

For twenty years, Bernard continued his work on
basic physiology. Others were working on the metabolism
of sugar and on the cause of acidosis and of coma. Among
the men who made important contributions in this fleld
were Ferichs (14), Naunyn (2), Magnue-levy (14), Pavy (2)
and many others. The authors to be mentioned below made
some of the more remarkable discoveries.

In 1874, Kussmaul wrote of a hitherto undescrilbed
terminal symptom complex which he called "diabetlc coma."
The striking features were noted to by dyspnea of a special

character assoclated with rapid pulse and general deblility
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(23). He felt that the dyspnea was due to an intoxication
resultion from the chemical metabolic disorder in diabetes.
Although Kussmaul was commonly credited with the initial
description of diabetic coma, it was Stadelmann (6), in
1833, who discovered B~oxybutyric acid and recognized that
diabetlc coma resulted from the increased formatlion and
accumulation of this acid. Naunyn (6) and Minkowski (7)
many years later also worked with B-oxybutyric acid.
Naunyn felt that both acetonuria and dlaceturia were part
of the acidosis and both originated from that acid. He

i1s credited with coining the term "acidosis." Petter (6)
in 1857 was one of the first to discover acetone in dia-
betlic urine. Thus in the last half of the ninteenth cen-
tury 1t was felt that these products of incomplete meta-
bolism were the cause of acidosis and coma.

During thls same period, there developed more and
more evidence condemning the pancreas as the villain that
caused diabetes. Many authors noted gross lesions of the
pancreas at post mortem examination. Allen (2) lists such
men.as Cawley, Bright, Bouchardat, von Recklinghausen,
von Ferichs, Cantanl and lancereaux. The increasing
frequency of these reports gave welght to this relatively
new concept. lLancereaux and laplerre (2,6) reported the
sudden onset of the classic signs of diabetei in a patient

who was later found to have an acuté pancreatic lesion.
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Adding to this evidence was the description by a 22 year
0ld scientist (24) of islets of tissue scattered through-
out the pancreas (13). In 1869, Paul langerhans described
these islets. But not until 1893, when laguesse (8) gave
the name of langerhans to the islets, was he recognilzed
for his important dissovery (25).

In 1889, Oscar Minkowski (25), working in the clinic
of Naunyn, accepted what amounted to a dare. Realizing
that the great Claude Bernard had been unable to perform
a successful pancreatectomy, he accepted the challenge of
Joseph von Mering that he could not do it. Borrowing a
dog from von Mering, he proceded, with the brashness of
his 31 years (24), to extirpate the pancreas without
difficulty. von Mering had left on a trip shortly after
asslistling Minkowski in the successful operation. Minkow-
8kl kept the dog about his laboratory as a pet. Within
a few dayes he noted that the dog urinated frequently.

He reprimanded the Janitor for being lazy and forgetting
to let the dog out. Subsequently, the urine was tested
and found to contain sugar. Thus it was that the etliology
of diabetes was found through serendipity. Fortunately
Minkowsekl had the ablility and training neceasary to follow
through thls unexpected revelation. A lesser man might
have missed this implication of polyuria. Although von
Mering had done little of the work, Minkowskl shared with
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him the credit of the great dlscovery, but by mutual agree-
ment he carrled on further investigation alone.

With the pancreas pointed out as the seat of diasbetes,
there was a great nodding of heads among those who had
noted pancreatic lesions. Also, there was a great rush
to hop on the pancreatic bandwagon. The band wagon was
so effective that within the next 35 years a great many
advances were made toward elucldation some of the secreis
of dlabeteg and the elusive secretion of the pancreas was
sought with progressive zeal.

Many attempts were made to feed raw pancreas to
patients with diabetes. White (26) presented two patients,
who after having their dlabetes evaluated were fed raw
sheep pancreases~-flavored with pepper, too. Following
this experiment a liquor pancreaticus was injected twice
a day. Both the experiments falled completely. Other
attempts at this time met with a similar fate.

Eugene C. Ople was the first American researcher of
note to enter the dlabetlo fleld. His study of the lslets
of langerhans remeins one of the classic works of the
early twentleth centurye. Quotations from two of his
articles clearly illustrate the extent and vaelue of his
work (27, 28).

"In the production of glycosurla many factors

doubtless take part, and in the present lmmature
knowledge of carbohydrate metabolism, 1t is
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impossible to maintaln that diabetes 1is always
caused by disease of the pancreas. A relatlion-
ship has been observed between lesions of the
islands of langerhans and the occurrence of
diabetes mellitus. In one of eleven cases of
interlobular pancreatitis diabetes of mild in-
tensity occurred. The sclerosis, which in this
case followed obstruction of the ducts by calculi,
was far advanced and affected the islands of
langerhans. In two of three cases of linter-
acinar pancreatitis, diabetes was present--Hema-
chromatosis in the third. In a fourth case of
diabetes, hyaline deposit between the caplllaries
and the parenchymatous cells had so completely
altered the islands of lLangerhans that they

were no longer recognizable."

The conclusion of a later article is given below (28):

"In the pancreas which has been described
in thie article, a leslon of obscure etiology
has destroyed the cells of the islande of langer-
hane, while those of the secreting aclni, as well
as other organs, are unaffected. The most
successful experiment could not more accurately
have selected these bodies. The assocliation of
diabetes mellitus with this lesion affords,
I believe, convincing proof of the inference
drawn from the preceding series of cases.

eseSince dlabetes 1is absent when, as the
result of duct obstruction, the secreting portion
of the gland undergoes great alteratlion, though
the islands are spared, the conclusion 1is Jjusti-
fied that it is those structures which influence
carbohydrate metabolism."

Opie further noted that the intimate relation of
columns of eplthelial cells to a rich capillary network
suggested that they furnish some substance to the blood--
the hypothetical internal secretion of the pancreas.

He noted that work by von Mering and Minkoweki, lLaguesse,
Shiifer and Diamer pinned this substance to the pancreas

and more specifically to the islets of langerhans. He
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also reported Ssobolew's statement that after feeding
animals with carbohydrate in considerable quantlty, the
cells of the islands become more granular than usual.
Ssobolew also found that chronic interstitial pancreatitis,
which 1n dogs follows ligation of the pancreatlc ducts,
spared the islands of lLangerhans; this fact, he thought,
explained the absence of glycosurlae.

Although Opie was not the first to suggest that the
elusive internal secretion of the pancreas controlled
carbohydrate metabolism, his work did much to extablish
this feeling. Othersxabrked in this field both before
and after Opie were Sharpey-Schafer (6), Ssobelow and
Schulze (6), lemoine and lannois (10), MacCallum (14)
and laguesse (30).

laguesse (30) was the first to propose the concept
of "enocrine secretion" as applied to the islands of
Langerhans. His experimental work ably supported this
concept.

MacCallum (29) performed experiments in America
similar to those in Europe during this period. He partial-
ly pancreatectomized dogs, finding that after the operation
they had a decreased tolerance to sugar. They not 1ln-
frequently developed dlasbetes. He noted that ligation
of the ducts of the remaining part did not change to status
of the diabetes. This duct ligation caused atrophy of
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the acinar tissue of the pancreas, but the lslands of
langerhans were intact. He concluded that there was a
substance elaborated by the islands whieh controlled
carbohydrate metabolism.

Similar results were obtained with the same procedure
and also by simple duct ligation by laguesse (13), Ssobelow
and Schulze (6), Vassale (6), Sandmeyer (10) and Visentini
(10).

Since many research laboratories elucidated a definite
but unidentified secretion from the islets of lLangerhans,
1t 1s not unexpected that many persons wouid administer
pancreatic compounds and extracts to patients to control
their diabetes. The most successful of these early attempts
was that made by Zuelzer, Dohrn, and Marxer in 1908 (6,7,13).
These workers prepared an alcoholic extract of adult ox
pancreases which would reduce hyperglycemia. Even though
there was some active principle in this extract, called
"Acomatol," the reactions, both systemlic and local, were
80 severe that administration to huméns vas ébandoned.

Work continued in an attempt to . isolate this mys-
terlious substance. That it was s8till present was further
shown by Clarke (13) in 1921. He found that a perfused
pancreas ylelded 1ts‘hypoglycemic factor to the perfusate,
thus proving that the internal secretion was still in the

pancreas and that 1t had not run away.
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During this period, Folin (31) and Benedict (32)
wrote of their tests for determining reducing substances.
Both tests were valuable assets 1n ascertalning the status
of the diabetic patient. These tests were the first such
advances in 75 years.

We find the status of the patient in 1921 not too
enviable. The major dlfference between the patient of
this time and that before Rollo's time is that the present
patient died at a slower rate. It is not that he lived
longer, but that he dled slower. To tell a patient that
he had dlabetes was to sentence him to death. There was
little hope for a diabetic. But in laboratory circles,
the feeling was one of urgency, of watchful waiting and
of expectancy. Those working with diabetes knew that the
pancreas contalned this hypoglycemic agent and 1t was only
a matter of time until 1t was isolated. How long, no
one knew, since the greatest minds dealing with the problem
had falled. With this in mind, we enter the next era.
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The Era of Treatment: 1921~

"The hypothesls underlying our experiments
was that the usual extracts of pancreas do not
satisfactorily demonstrate the presence of an
internal secretion acting on carbohydrate meta-
bolism, because this is destroyed by the digestive
enzymes also present in such extracts. To clir-
cumvent this difficulty we have taken advantage
of the fact that the acinous, but not the insular
cells, become degenerated in 6-10 weeks after
ligation of the ducts.

A falrly neutral acid extract of the degen-
erated gland, kept at a low temperature, was
therefore prepared and its effect on the pan-
creatic diabetes investigated. Ten weeks after
ligation of the pancreatic ducts the degenerated
gland was removed and extracted with ice-cold
Ringers solution. This extract injected intra-
venously or subcutaneously invariably caused
marked reduction of the percentage of sugar in
the blood and the amount of sugar excreted in
the urine. Extracts of liver, spleen or boiled
extracts of degenerated pancreas have no effect.

Further investigetlions have shown the
following: &, incubation of the extract, in
alkaline reactlion, for 2 hours, with pancreatioc
Julce removes its effect; b, glucose glven IV
or per os 1is retained by dlabetic animals if
adequate dose of the extract are also administered;
¢, the clinical condition of the animsl is im-
proved by the extract; d, hemoglobin estimations
before and after administration of the extract
are ldentical; e, neutral extract kept in cold
storage retains its potency for at least seven
days; f, subcutaneous injections have a less
rapid but more prolonged effect. Rectal injects
are not effective.

The experiments have been repeated on ten
animals several of which were under observation
for over two weeks." (5)

With this brief statement given before the American
Physlological Soclety, Frederick Banting and Charles
Best told the world of their brilliant discovery. The

fascinating story of this dlscovery will be briefly given.
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In November of 1920, Banting read an article by Moses Baron
(33,34) which discussed the relation of the islets of
langerhans and dlabetes, and emphaslzed those cases with
pancreatic lithlasis. Baron noted that as long as the
'1slets were not damaged following a duct calculi, diabetes
did not result. However, if the islets were damaged,
diabetes ensued. Banting had read this artlcle in con-
nection with the teaching he was doing at the University
of Western Ontario Medical College. He had previously
read of the work of Minkowski, of langerhans, of laguesse,
of Zuelzer and of Claude Bernard as well as manj others.
After retiring for the night following his study of Baroan's
paper, Banting arose to write the statement: "lLigate
pancreatic ducts of dogs. Walt 6-8 weeks for degeneration.
Remove residue and extract (33,35)." Receiving moral
support from his superiore at the medical college, Banting
traveled to his alma mater, the University of Toronto,

to see J.J.R. Macleod, one of the foremost authorities

on carbohydrate metabolism. Canadian weather at that

time wae broiling compared to the reception and asaistanqe
Banting received from Macleod. The refusal could not have
been more definite. Although depressed and discouraged,
Banting tried again in the early spring of 1921; this

time he received permission to use a small corner of the
animal laboratory. Granted nelther equipment nor money,

Banting did receive the aid of a young chemist who was
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interested in sugar metabolism. This young man was Charles
Best. With an idea, three month's time, a valuable assistant
and a few disreputable dogs, Banting and Best began their
work on May 16, 1921. Seale Harris (36) states that
during the summer of 1921 Banting and Best achleved a
reputation for stealigg dogs, because of which the Uni-
versity of Toronto fell into such disrepute with the

owners of pet animals, that at a public gathering of

some kind in Convocation Hall, a woman arose and said:

“Mr. President, I would like to know what the University
did with my black catl?" Although this statement was
denied by Best, 1t is Enown that ﬁhe inadequate laborsatory,
they were given by Macleod during the summer while he was
away, became the best equipped by the time he returned.

The two young men had been busy requisitioning iithout
consent beakers, lab dishes and other necessary ltems from
other laboratories.

The atmosphere in the laboratory was far from light-
hearted. Their initial ligations had raiied‘and the pan-
creases of the dogs had not atrophied. More then six weeks
of valuable time had disappeared. Discouraged, more dogs
were prépared. This time the ligation heldvand the pan-
creasés were extracted. The}extract injected into dogs
produced a significant lowering of blood sugar. The
mysterious internal seoretion of the pancreas had been

obtained in a utilizable form.
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When J.J.R. Macleod returned in the fall of 1921
prepared to request the departure of Banting, he found
that Banting and Best had 1solated the substance that had
barfled the great minds dealing with sugar metabolism,
including his own. The entire force of Macleod's lab-
oratories was placed at the dlsposal of these two young
men. Numerous were the conflictis between Macleod and
Banting. Banting was the backward, undistinguished, un-
known, poor, untralined country bumpkin, who, according
to Macleod, had accidentally discovered insulin with the
help of Best. Another dispute concerned the name of the
newly lsolated substance (33). Banting and Best wanted
to call it "Isletin" while Macleod insisted that the name
"Insulin" given it by Sharpey-Shafer (35) should be re-
tained. In this dispute, Macleod prevalled. In yet
another eplsode, Banting steadfastly stood for the re-
cognitlon he believed was his due. Macleod was trained
in the European c¢linices at the turn of the century where
the system prevalled that the head of the department or
clinic wae to recelve the recognition for all discoveries
in his laboratories whether he knew of the work or not.
In fact, at the May, 1922 meetling of the Association of
American Physiclans, Macleod presented the paper which
brought wide attention to insulin. 1In several speeches
after that, Macleod credited himself et al with the dis-

covery of insulin (33). Banting demanded and received
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proper credit for himself and Best. Even with this cor-
rection, the Nobel prize in medicine in 1923 went not
to Banting and Best, but to Banting and Macleod.

With the discovery of insulin, the climax of the
history of diabetes 1ls reached for the present. The events
to be related below, although representing brilliant and
valuable work, are perfectlons added to the basic ingred-
ient~--insulin.

From a crude extract of a few degenerated pancreases,
the production of insulin soon evolved into a large scale,
life saving business. Once the novelty of insuling had
waned and production of insulin was under control, the
search for means of improving the insulin, for cutting down
skin reactlions, for diminishing the number of injections
and for more constant control of the blood sugar began.

In 1927, Abel (37) and his collaborators reported
that 1nsulin had been crystallized. With a pure product,
those who suffered reactions from the extraneous matter
in commercial insulin were helped.

It was not until 1935 that Hagedorn, Jensen, Krarup
and Wodstrup (38) reported the next significant advance
in insulin therapy. They combined insulin with a simple
protein, protamine, and found that the hypoglycemic action
of insulin was prolonged. This was substantiated by various

clinical workers, including Root (39) and Joelin (40).
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Scott and Fisher (41,42,43) noted that zinc would prolong
thé action of crystelline insulin and that spermine and
zinc added to insulin produced an even lohger hypoglycemic
action. They also noted that the addition of zine to pro-
tamine insulin extended the hypoglycemic action of that
compound. Through the work of Hagedorn and Scott and
Fisher a new principle was propounded--that the addition
of an insoluble substance to insulin to form a loose com-
pound would prolong the action of insulin in the body.
This new compound was not received wholeheartedly.
Hypoglycemic reactions the morning following an inJection
and the slow onset of action following injection were not
at first understood. However, PZI soon became a valuable
addition to the clinicians' armementarium. With this
principle in mind, Gray, Bischoff and Sansum (44) formed
a compound of insulin and histone. This, they found, had
an advantage over PZI, in that the duration of action, as
shown by various clinical studies including those of Barnes
(45), was slightly less then 24 hours. To have a compound
that would approximate the 24 hour day in its hypoglycemilc
action was the object of still further research, since
histone insulin was found to be less predictable in its
action then PZI (46). In 1939, globin insulin was intro-
duced by Reiner, Searle and lang (47). Its hypaglycemic
action was similar to that of histone-~insulin. It reached
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peak asction in 10-14 hours and was effective for approx-
imately 24 hours, according to Marks (48) and Bauman (49).
It was apparently stable and relatively predictable but
failed to overlap enough to prevent early morning gly-
cosuria (50).

Clinicians were not completely satisfled with the
above compounds. As a result, some of them attempted to
blend their own insulin, like a good tobacco. From the
use of mixtures containing various proportions of PZI and
regular insulin came a modified insulin--NPH. MacBryde
and Roberts (46,55), Colwell and Izzo (51), Dolger (52),
Peck (53) and Marble (54) were among the workers who
contributed to the development of NPH insulin. This
product has an activity curve which allows sufflclent
overlapping between dally doses to prevent early morning
glycosurla and yet not cause nocturnal hypoglycemia.

The next major advance was that produced by Hallas-
Mﬁller and his group (56). They discovered that insulin
alone in a preciplitated amorphous or crystalline state,
together with a small quantity of zinc, gives a protacted
effect without employing protamine, histone or globin.

By varylng the partlcle slze and the proportion of amor-
phous to crystalline insulin, they have been able to

vary the duration of the hypoglycemlc action of the insulln.
The various insulins are the ILente Insulins. Semi-Iente

has an actlion curve of approximately 30 hours, Ultra-
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lente a curve of 18 hours, while that of lente is 24 hours
and resembles the curve of NPH insulin (56).

Attempts have been made from the time.insulin was
discovered to find some way to give insulin orally.
Murlin and Gibbs (58), and Driver and Murlin (59) in
the early 1940's attempted to produce hypoglycemile by giving
insulin 1in combination with hexyl resorcinol and various
buffer mixtures. These attempts were unsuccessful in that
the insulln continued to be destroyed by intestinal en=-
zymes. Chen, Anderson and Maze (60) in 1946 reported on
2 sulfonamide compound which caused a fall in blood sugar
in dogs when given orally. They felt that the producﬁion
of endogenous insulin was stimulated by thlis compound.
Houssay (61) found that the oral administration of two new
organlic compounds contalning sulfur produced a) protection
against the diabetogenlic and toxic action of alloxan,
b) decrease in frequency of occurrence of diabetes sub-
jected to ablation of 95% of the pancreas eand o) increase
of free sulfhydril content of the liver and certain other
tissuee. Francke and Fuchs and Bertram, Bendfeldt and
Otto (63) reported on a hypoglycemic producing sulfonamide
preparation in 1955. Francke and Fuche felt that this
compound, called BZ 55, blocked the A-cells of the pancreas
causing a preponderance of the homorganic insulin in the
B-cells. This 1s based on the 1dea that there 1ls a hyper-

glycemic glycogenolytic factor secreted by the A-cells
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of the pancreas which counteracts the insulin (64).

At the present time, the state of oral insulin or
insulin-like compounds is experimental. Whether it will
prove effective and worth clinical appllication remains to
been seen. If useful, it will be another advance in the
administration of insulin much as Hagedorn's idea of
prolonging the action in injected insulin was an advance
over regular insulin. vThe only advance which will parallel
the discovery of insulin will be the elucidation of the
etiology of diabetes. Will it take another Banting or
will it be the work of a great laboratory directed toward
that object? We can hope for another Banting.
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Summary and Discussion:

The history of diabetes was glven. To summarize a
paper which 1s already a summary of 8o vast a topic would
be like summarizing the sentence, "Insulin discovered."
Therefore, the reader is referred not to the bibliography
but to the body of the paper for his summary.

At the start of this paper, the author stated that
in some ways the definition of dlabetes as given by Joslin
(1) would be explained. It is his feeling that this
has been done, but with the exceptions noted below.
Hyperglycemla was noted by Doseux (10) and Dobson (6,7,8).
Glycosuria was known to the ancient Hindus (7) and described
for the western civiliztions by Willis (12). That there
18 either a deficlent formation or diminished effectiveness
of insulin was shown by Banting (5,33) by administering
an additional amount of insulin to diabetic patlents and
noting the hypoglycemic response. That the islets of
Langerhans were responsible for secreting the hypoglycemlc
factor was shown by von Mering and Minkowski (25)e. The
histology of the islets of langerhans was not dlscussed
and the reader is referred to Homans who in 1915 showed
that.the B-cells secreted insulin (8) and the work of
Goldner and Gomori (64) on alloxan diabetes. That dia-
betes was interrelated with condlitions arlsing in the
1iver was early shown by Bernard (15,16). The relationship
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of pancreatlc dlabetes wlith other endocrine glands and

with hyperglycemlic factors was not discussed. However,

the reader is referred to the work of Houssay (66), to Price,
Cori and Colowick (67), to Pincus and Gutman (68) and to

the excellent bibliographies of these authors.

To write a complete history of diabetes would be no
less then a life long research task. In spite of his
briefness, the author hopes that this paper will in some
way shed a»smali bit of light on the so-called "dry"
field of history. He attempted to tell a story; roﬁghly
following the evolution of the understanding of dlabetes.
In telling this story, he at times used levity, at times
expressed his own opinion, and at times merely stated
faot after fact. These changes-of-pace were used to bring
life to history. We should all remember that today we
are living in the history of one day hence. We do not
consider our living uninspired and without animation; there-
fore, why should we yawn and be bored when we seen the
word history in a title? History lives, Just as we live.
Without the history in dur own personal lives, we would
be naive and out of place in our dealings with the rest
of the human race. So 1t 1s with disease. Our attitudes
towards a particular disease would be nalve 1f 1t were not

for the experiences recorded in history.
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