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PANCREATIC EXTRACTS IN THE TREATMENT OF DIABETES
MELLITUS

Prervixany Reront By F. G, Basmisg axe O H. Biisn, Depl. of Physdalogy
J. B, Corvee, Dhepd, of Path, Chemiztry
W. R. Caxpensnt axp A, A, Frercuen, Depl. of Medieine, University of Toronto, and
Toronta (Feneral Hospilal

INCE the yvear 1580, when von Mering and
Minkowski (1) preduced sevore and fatal
digletes by total removal of the pancreas in
dogs, many investigators have endeavoured to
olitain somo benofieial offect in dinbotes mellitus,
either by feeding pancress, or by admimsteation
of pancreatio extrets. :

Minkowski, Sandmeyer (2), Pluger (3) and
others found that feeding pancreas was followed
by negative or even harmful results, More re-
cently, Murlin (4), Kleiner (5) and Paulesco (6]
have tried the effeets of aqueous extracts of the
pattcreas intravenously, on depancreatized ani-
mals and have found transitory reduction in the
percentage of blood sugar and in the sugar ox-
ereted in the urine.

In 1907, Rennie and Fraser (7), recognizing
the poasbility that pancreatic enzymes might
have harmiul effects on the internal seeretions,
secured islet tissue from teleosteal fishes, where
it exists separately from the rest of the pangreas,
ard fod it to human disbeties, Their studies
demonstrmbed no benefeial infuence on the con-
difion of the patient. E. L. Scott (8) in 1912
gonght to oliminate the influence of proteslytic
enzymea by using aleoholie extrets of the pan-
ereas.  He did not find, however, that such ex-
tenets caused a3 marked a reduction in the wri-
nary sugar or in the G-N, ratio as when extrmeta
were made with acidulated water.  The whale
question has been reviewed recently by Allen:
(@), by  him, and, fodeed, by the ma-
jority of recend writers, 1t is usually stated that
pancreatie oxtracts have no elinteal value what-
soever.  During the past ten monthe, two of us
(F. G. B. and C. H. B), working e the Doepari-
ment of Phystology of the University of Toronto,
have reinvestigated the problem.  Certain of the
restlts obtained have already been published,
{10} others are.now in press. These  may be
briefly reviewed here.

Believing that extracts of the pancroas, as
usually prepared, did not satisiactorily demon-
strate the presence of an internal seeretion act-
ing on earhohvdrmte metabalism, beeause the
active principle was destroved by the digestive
enzyeoes also present in such extenels, attempls
wire made to climinate these engymes.  In the
first oxperiments, this was done by taking ad-
vantage of the faet that the acinous tesue (from
which the digestive cnzymes are derived) but
not the insular tissue of the pancreas de-
gencrates~in seven to ten weeks after ligation
of the panereatic ducts, Extracts were therefore
made with fec-cold Ringer's solution, of degenerat-
ed panereatic tissue removed ton weeks after the
ligation of the ducts. The exteact obtained by
this procedure, when injected intravenvusly or
subentancousdy into diabetie dogs, invadably
eanred a marked reduction in Mosd sugar and
in the amount of supar evercted in the urine,
It also enabled a disbotie dog to retain s much
higher percentage of injeeted sugar than it other-
wise would. Extracts of liver or spleen, pres
pared in the same manner as the extracis of
degencrmted panereas, weee found to have neither
of these effects. The active principle of the ox-
treet of degenernted pancreas was destroyed by
boiling in newtrul or aeid =olution or by inenbat-
ing for two honrs at body temperature with pan-
ereatie juice,

In later experiments, it wns found that the
panercas of foctal calves of under five months
dovelopment did not eontain  protealytic en-
zyvmes, thus confirming the observations of Ihe
rabiim (11}, By extracting such foctal pancreatic
tiz=ue, a highly pofent and readily procumble
prepamtion was ohtained,  Besides affording o
mutch more practieable method for seeunng bing-
o guantities of extraere, this resnlt demonsteated
that the aetive principle i3 cssentially the same
froan whatever animal it is prepared. A method
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waz finally evolved by which an active extract,
which would retain ita potency for ai least one
month, eould be obiuined from normal adult
ox pancreas, Daily injeetions of pancreatie ex-
traet (foctal calf or adult beel pancreas) pro-
longed life of & completely diabetic dog to seventy
days, at the end of which time the animal was
chloroformed.  Allen states that in hizs experis
cnee completely digbetie degs do not live more
than foerteen davs.  The first results of a study
of the respiratory exchange in completely dia-
betic dogs, before and after administration of
extract, showed that the extract confers on the
diabetic animal the power to bum carboliydrtes,
Thus, in a dishetic dog, on starvation or lean
meat diet, the respiritory quotiont was found
to be in the neighborhond of 0,7, The ingestion
of carbohydrate eaused no rise in the Q;% ratics,
but when preceded by an injection of cxtract
gave a value which approached L0, indieat-
ing that carbohydrate was being burned. Be-
gidez the above, it should be recorded that the
administration’ of extract very quickly cansed
striking improvement in the various symptoms
known to be characteristic of complete pan-
createctomy.

As the vesults obtained by Banting and Best
led us to expect that polent extracts, suitable
for administration to the human diabetic sub-
ject, could be prepaved, one of us (1. B. C.) took
up the problem of the lsolation of the active prn-
ciple of the gland. As & result of this latter in-
westigation, an extract has been prepared from
the whole gland, which iz sierile and highly po-
tent, and which can be administored subeutane-
onsly to the human subject. The prepamation of
gueh an extract made possible at onee the study
of its effects upon the human dinbetie, the pre-
liminary results of which study are herein re-
ported,  The extraet containing the seiive pnn-

iple: is being further purified and concentrated.
. A detailed report of the methed of extraction,
purification and concentrtion will be published
al an carly date.

For the investigation of the clinical applica-
tion of these extracts in the treatment of human
diabetes, Professor Graham has placed at the
disposal of two of us (W. R. C. and A, A, F.)
the cases of diabetes mellitus in the wards of the
Medieal Serviee of the Toronto General Hos-
pital.

Patients were placed on o constant diet, vary-
ing with the severity of each individusl cnse,
and their reaction to such treatment studied for
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a pericd of a week, after which various samples
of extract were administered and the effects ob-
servid.  The ordinary routine clinical examing-
tions were earried through. Blood sugar was
estimated at intervals by the revised TFolin-Wu
method, urinary sugar by Benediet's methods,
the acctone bodies by Van Slyke’s methods,
and the respiratory quotient by the Tissot-Hal-
dune and Douglas-Haldane mathods,

Up to ihe preseot time, February 22nd, 1922
the offeetz of these preparations have been ob-
served in seven cases of diabetes mellitus and it is
now evident that eertain defizite results ean be
obtained by their pdministration. The effects
obgerved in depancrentized animals have been
poralleled in man,  The fall in blood sugar occurs
and in two cases, repeatedly examined, a rise in
the respirntory quoetient, indieating earbohy-
drate utilization, oceurs more or less coincidently
with the attainment of a normal blood sugar
level. Patients report a complete relief from the
subjective symptoms of the disease. The sugar
exerction shows marked decrease or, if dosage be
adequate, disappears. Ketonuria iz abalished,
thuz confirming a similar observation by Col-
lip in diabetie apimels, (pesults as vet unpub-
lished), These results taken together have been
such as to leave no dould that in these extracts
we have o therapeutic measure of unguestionable
value in the treatment of cortain phases of the
disease in man, In agreement with observationa
of other investigaiors on laboratory animals, it
hae been found that without carelul control =e-
vere toxie renctions may be cneountered and this
will undoubtedly be o factor in the evaluation
of the ultimate therapeutie ntility of the method.

The following case report illustrates these ob-
servitions;

Name~L. T, (Boy). Aged-14

Admitted to the Medical Words, Toronto Gen-
ernl Hospital, December 2nd, 1921,

Prezent [ineze—About December 1918, he
was taken to hiz family physician because he
hand been webting the bed at nights, and also be-
caues his ankles became swollen oecasionally,
One month Inter, sugar wits found in the urine,
He gtates that at this time he was in good heglth,
his appetite was somewhat excessive, but no in-
creased thirst was complained of. Careful die-
tetie regulation was preseribed and he states that
he ndbered to this diet fairly well. This his
family physician will not confirm.  Fasting was
also tried apparently without success, The gly-
ook perssted, be began to lose weight, fre-
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quency of micturition, both day and night, in-
rreased up to the thne when his phvsieian recoms
mended admisston to haspital.

Fust Ilress—Always healthy up until twe and
cee Dalf years age, with the exeeption of an at-
tack of ehicken-pox at the age of ten and, of
discharging ear for two years as o baby.

Personal Hislory—Bom in Canada, went regu-
larly to sehool, able to work well up to time of
onzet of prezent illness, Has always been fond
of sweet food wnd proviens to the onset of this
rondition ate frecly of candy.

Foamily History.—Nother and father, one bro-
ther and two sisters, allin good health,  No dia-
otes or other familial dizeases known.

Examination—0n admission he was poorly
mourished, pale, weight 65 pounds, hair falling
ongt, odour of aectone on the breath, tonzila and
teeth  in good  condition, shdomen lwvge and
tvmpanitic. Bleod pressure 100-70. He ap-
peared dull, talked rather slowly, gquite willing
to lie about all day,  Hands show marked xoan-
thechromin, No findings of note in examina-
tiem of cardio-vaseular, respiratory, abdeminal
svetemis or of the bleod. The urine al the time
of sdmission was strongly aeid, speoifie gravity
10,30 ta 1040, The test for sugar steongly
positive, Rothera and ferrie chlordde tests for
ketones strongly positive. 24 hours ameunt of
uring, 3-5 litres. Blood sugar 5.8 mg. per ..

Treatment ~1Te was pul Lo bed ad was quite
contest W remain there moest of the tme,  How-
ever, when he wished Lo do so, he was allowed to
et up and wander about the ward, wlich he did
very little during the first month.  His diet was
as Tallows:—

Dee. Dunet.—3, 10 and 155 vegetables as much
az desined.

Do, 1th—60 grams lean meat daily added
tan cliet.

Trew. Lith—4 bran cakes deily added to diet.

Jun, dth.—Daily ration 1o sonsist of J) grams
lean meat, 5 and 105, vepetables, and fruits and
bran eakes o make up exeetly 100 grams of car-

bolwdentes per day,  Clear broth, coron, tea and
ooffee in mederation.  Total intake about &30
calories,

No furtber change in diet was made.

Thiz eaze was one of severe juvenile diabetes
with ketosiz,  Previous to admission, e had been
starved without cevident benefit. Dhuring the
first month of his stay in hospital, careful dictetic
regulation failed to influence the cowse of the
disense and by Jumuery [1th his clinical condi-
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tion made it evident that he was becoming des
finitaly worse,

The extracts given on January 11th were nof
as concentrated as those used at o later date,
and, other than a slightly lowered sugar exere-
tion and & 9357 full in the Blood sugar level, no
elindeal bencfit was evideneed.

Diaily injeetions of the extract were made from
Janwary 23rd to Febronry 4th {excepting January
25th and 26ik).  This resulted in Immediate im-
provement.  The exeretion of sumar as shown in
Chart T beeame much lesz, On days of (reat-
ment, this varied from 7.5 gz, 1o 43,1 gus,
emmpared with o provioes amount well over 100
gma. daily, The aeetone hodies  disappeared
from the urine, The boy beeame brighter, more
active, looked better and said he felt stronger,
No extract was given Drom Febreary 5th 1o Feb-
rugry 15th., During this (e suger again ap-
peared in the urine in lavge amounts along with
traces of acetone,  Administration of extract in
smaller doses after Februwry 164 agnin resulted
in lewered sugar exerction and dizappeavance of
aretone from the urine.  Chart 1T shows the fall
in the total acetone bodies of the wrine duving the
periods of freatment after Januwary 23rd.  Charf
111 mives a four hour reeord of the blaod supar
following the administration of a single dose of
G e, extrnot on Febraary 1Tth,  Chart IV shows
the infiuence of extract on the amount of glieose
exereted in cach two hourly period when exirset
was being nsed.  Table 1 reconds the volume of
urine and amaunt of sngar exereted each day and
el  sugar  determiontions.  The qualitative
test for the daily exerction of aectone bodies i
the urine and the amount of extract given iz alse
tabulared,

Although the other aix patiends treated Dy
these extracts weore all favourably influenced by
its administration, particular reference might be
made to one—a zevere ease who had been ex-
ereling 20 pms of glueose on o dich containing
10 prms. carbohwdeste and 24 hondred  ealordes
per day.  Following injection of the extract his
wring became sugar free, and he obtained com-
plete reliof from severe depression and extrome
Inssitude, Repiratory quotients in thiz 2ane cise
shovved o definite rise after injection of the ex-
tract, confirming the increased utilization of eap-
byl rate,

‘Al patients were improved clinically, It is
difficult to put in waerds what is meant by elinieal
improvement, Those who have been treating
dibetes will have recogoized as corly signs of
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improvement f eertain change in the skin, the
appearance of the eyes, the behavieur of e
patient, his mental and psyelic activity, and the
physieal evidenees, as well as hiz testimony, of
inereased vigor and desive to use his museles,
Uniler prozent day treatment, such inprovement
oceurs in disbetics free from ncctone but iz un-
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doubtedly more striking in patients vecovering
from a ketosie, Thizis tha nature of the improve-
mont geen cliically as 4 vesult of the admini-
gtration of these extracts, and, while it iz of &
temporary nature, we beliove that it justifies the
hope of more permanent results following more
adequate and enrefully repalated dosage.

TABLE L
Total | Subeutancoas
24 hr. 24 hr. H | e
Date | mmount | exeretion Eﬂ?ﬁgﬁﬁ:‘ Lothes T‘ﬁi&“ | I;ﬁtttlgﬂntg
| of wring | of glucose P Tost in mgs. P e
Lt i g, pir litro AM, AL
Dhee, Fro 5.8 plus s ik cic
1.0 plu= plus ¥ -
5.2 plis el i SR
Jan. FTEL b2 pHlus plus By i
%gr?'g G | ;:d!uu p:u.'l
. s plus
137.2 i s plus 72 “r
1247 .z 1lus fe Ll i
1144 s plns 5
a1 da-l4 plus plus 158 15 co
54 &9 s plies L[] '
125.5 H T plus K
1245 4 | Hus plus I
1047 ried | s plus R
1480 s pliza
1973 0.7 plus plus v
1444 ey plus plis A bk
1.6 plus plus wi
121.9 ST | Hus plis f
107 .3 . plus plus 137
148.5 i g plus 157 a :
71 5.2 s plus =2 3 e, 20 .0,
8.7 1.2-3.0 plus an 10 c.e 10 .
8,5 Far a n —
| s Ve " a i
| 42.2 b plis | 4 oo, 4 .t
IAY e traga a d ety
| 42 Vi L] 0
11.4 riaa irhco 0 4 o,
T s (1] 0 & oot
Feh, 2.8 HE ] 0 4 e,
6.1 S 1] L] 4 oo
15.2 . ] 1] & e
451 3 L] o 4 o
i3 ik L1} =
10 5 i 0 -
1.1 4§ i ]
187.1 | frace 0 "
1.7 i ] =
.9 | tracs i N
12010 teace U
7.7 traca (1]
106.7 | Lrfea 0 3
| 1555 e trace 0 =
131.4 e trage L]
1550 4.73% B, L] 0o
6.4 ARG 2 nig, 1] 3 ae
152,48 2044 neg. L]
| “suis neg, i 4 o
. LA 5 neg. 0

SUMMARY

Following the production of what appears to
ke & concentrated internal secretion of the pan-
creas and the demonsteation of s physiologienl
petivity in animals, and, ander enreful contral,

its relatively low toxicity, we are presenting a
preliminary report on the pharmacologienl ne-
tivity of this extract in humen dinbetes mellitus.
Clinical obzervations at this juneture would ap-
pear to justify the following conclusions:=—




8 [

(1) Blood supar can be markedly reduced even
tor the norsnal values,

(2) Glyeosurin can be abolished.

(8} The acetone bodics ean be made o disap-
pear fram the urine.

{4} The respimtory guoticnt shows evidence
of inereased wiilization of carbohydeates.

(5) A definite improvernent is observed in the
general condition of thess pationts and in addi=
tion tho paticotz ihemselves report o subjeclive
genae of well being and inereased . vigor for o
peried following the administention of these pro-
parations,

For their hearty co-operation and kindly nssis-
tance and advice, we have great pleasure in pre-
sending vir bist thanks (o Profesaor J. J, I, Mae-
Leodd of the Department of Physiology, to Pro-
fessor V. E. Henderson of the Department of
Pharmacolom:, to Professor J. G. Fitzgerald of
the Department of Hvgiene, and to Professor
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Duncan Graham of the Department of Medicine
of the University of Torento.
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