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Introduction

Duabetes Mellitus was a recognized syndrome even before the
Pharaohs reigned m Epypt  Despre sts recogmnion for 50 many
centuries little was accomplished n the way of understanding the
pathologic physiology Up to the 18th century, only by tasting the
sweetness of the urme, was glycosuria recognized It took over 200
yeats 1o go from tasting the unne to the rapid, accurate chemical
tests for urinary sugar avalable today In the early part of the
century, Folin and Benedict, working independently developed the
rapid  accurate micro techniques for blood sugar determnatsons
Following the :levclopmmlr oflthcse 'methods zr:d mnereasing
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accurate techniques for studying normal and abnormal metabolic
processes 1 humans

One of the mportant problems today 1s the rapid dissemination
of newly discovered facts to the physician occupred 1n the day to
dav pars af tha e ol Donfacc nwal cnn e ae —a o o= - T n
sournals has become so pgreat today that were a2 man to devote all
of his time to reading he could not survey the general field ade
quately The need to bring topether at intervals a summary of
recent advances has led to the development of the specialty sympostum
as a means of post graduate education Its success indicates that
1t 18 one of the answers to the current problem of decreasing the
tnterval between discovery and text book

The New York Diabetes Association, since ats foundation, has
encouraged and fostered medical meetings for the interchange of
1deas  The sympostum held on QOctober 8, 1953 was an extension
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of this policy made possible by the financial assistance of Mr. Felex
Morgenstern

Your Commuttee hopes that thrs printed report of the Proceedings
of the day will serve the purposc of bringing to the practitioner of
medicine, for his use, authentic reports from the research laboratories
working on current problems in the field of diabetes mellitus The
symposium was divided into two parts, (a) the fundamental bio
chemical and (b) the clinical applications of this newer hnowledge

The New York Diabetes Association, through 1ts Chnical Society,
was responstble for the arrangements for the program  The National
Vitamin Foundation made possible the printing and distribution of
thes» Proceedings

Dr HerBERT Porrack, Charman
Dr RoserT § GoopHART, Co Chasrman
Dr Irving Gratr, Co Chatrman



THE HEREDITARY OBESE HYPERGLYCEMIC
SYNDROME IN THE MOUSE*

JEAN MAYER

Harvard School of Public Health
Department of Nutsition
Boston, Massachusetts

It 1s classically recogmzed that, in the etiology of any
pathological condition, the triad of host, agent and environ-
ment all play a part More spectfically, i the case of
obestty, this implies that genetic, traumatic and environ-
mental factors have to be considered  Although certain
stratns of microorganisms are known to accumulate fat, and
although empirical observatron of hereditary adiposity 1n
farm ammals, hogs mn particular, have long been used as a
basis for selective breeding, detaled studies of the genetics
of obesity have, however, been few  Qutside of the agn-
cultural and bacteriological lterature, one can only cite,
bestdes the hereditary obese hyperglycemic syndrome, the
dommant “yellow obesity” of Danforth, the Mendelian
recessive obesity of Shetland shepherd dogs studied by
Mayer, Scott and Masheyekr and a limited number of
studies on hereditary obestty i man, in particular those of
Angel, Gurney, Rony and Bauer These various reports
hayve been reviened previously ™V

The condition to be reviewed here may lay claim to your
interest for three reasons  The obesity 15 due to a simple

* Work reviewed here was supported by the Nutnition Foundauon Inc.,
Natjonal Institutes of Arthn nd Metabol ¢ Diseases, U S P H Service
the Milbank Memorial Fund and others.
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Mendelian recessive gene and 13 the most clear eyt example
of this type of transmussion of obesity, 1t 15, further, a very
complex syndrome, involving as 1t does a number of meta-
holtc abnormalities (hypercholestesema, hyperglycerma,
increased rate of lipogenesis subnormal oxygen consump.
tion, etc ), of behavioral abnormalities (physical inertra,
atypieal food chotces, refusal to mate, etc ), of endocrine
abnormalities (sensitivity to thyroxine, extreme sensitvity
to growth hormone, resistance to wsulin), as well as of
histologic abnormalitres involving i particular the pancreas
and the skin These abnormalities all move as a single gen.
etic deviation and 1t has been posstble to show expermmentally
that these apparently unrelated symptoms could all be
derived from 2 single endocrine and metabolic “error”
This analytical attempt 1s thus probably the most protracted
effort at unraveling the manner 1n which a complex mam.
malian gene works Last but not least, especially in the
context of this meeting, the study of this condition appears
to be a powerful tool in the search of the etialogical zela,
tionship of obesity_and of diabgtes, or rather, of a form of

obesity with 2 form of diabetes

The obese hyperglycemic mutation arose in the summer
of 1949 n the V stock of the Jackson Memorial Labora
tory @24 Ths stock was a mutant stock carrying mul-
tiple recessive genes By recessive breeding, 1t has since
been attempted to get the gene on a umiform background
C57 BL/6 It was observed that obese animals refused to
mate, however, in the non obese amimals producing obese
offsprings on mating the ratio of non obese to obese animals
approxlmatcd the 3 1 ratio expected for a recessive gene
The Mendelian nature of the obesity was confirmed by
transplanting the normal ova formed in the ovanes of the
non mating obese fernale mce into the utera of non obese
females Each ovum from an obese mouse was thus shown
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o give rise on ferthization erther to an obese mouse or to
2 carrier, depending on the male used &

While thar non obese siblings range i weght from
15 to 30 g, muce with the obese hyperglycemic syndrome
reach currently weights of more than 80 gm  The maxt
mum werght recorded was 115 gm in & female the hittermate
of which weighed 24 § ¢ The excess weight 15 found to.
conust almost entirely of fat  Total body water increases
only slowly with body weight the proportion of excess body
weight represented by water being of the order of 10 to 12
per cent  These results obtamned by the deuterum dilution
method™® have been confirmed by chemucal d
Total blood velume dees not increase with body weight n
the obese mouse

A detailed morphological examunation of these animals
has been conducted ?  The obese ammals exhubst sterang
central localization of fat causing 2t least 50 per cent .
increase of abdonmnal girth over normal, 25 per cent increase
1o tharacie geth and 20 per cent in nech crcumference
The size of extremities and f£acies are not abnormal  Obese
ammals not wirequently show areas of denuded skin par
ucularly at points where the skin rubs aganst the cage or
feeding canmusters  These areas are inelastic, wrinkled and
sometimes present n therr center punched-out uleers with
bases of lobular ghistening yellow white subeotaneons fat
and ragged margins of thin skin

Microscomeally, outside of the necrotic superfinal areas
the mast remarkable abnormality ss the increase in vasculan
zaton of the panereas {which probably accounts for the
mnker hue of the whole organ) and the increase m number
and size of the islands of Langerhans @ % Muotic figures
are much mare frequent than in non-obese siblings  Some of
the anunaly show a definte trabecular pattern of the 11land
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cells, similar to that observed regenerating 1slets The
merease in number of cells affects both alpha and beta cells,
with the beta cells showing either degranulation with a
spread to the whole cell of the tint usually limited to the
beta granules, or large, confluent stamed masses rejected
to the periphery of the cells Other morphological findings
of endocrine significance are a somewhat decreased con
centration of granules of hepatic glycogen, a distribution
of adrenal lipord remimscent of the pattern observed n
immature muce,™ normal testes with normal, active sperma-
togenests, and normal ovaries with many well formed
graafian follicles The pituttaries contain basophils and
acidophils n number comparable to that of the non obese
muce, with no adenomatoid collections of cells, necrosts of
cells, Crooke’s changes of the basophils, variations n cell
sizes, basophilic “invasion” of the posterior lobe, nor
hyalne plaques being observed A more detailed analysss,
involving differential staming of a greater number of types
of pituitary cells 1s i progress Peripheral eosinophil
counts arenormal The hearts, lungs, and ltvers are normal,
except for an increased fat content, particularly of the Iiver
The size of the heart, liver, pancreas, thymus 1s, however,
greater than normal while that of the bramn, pitwitary, testes
and ovaries 1s significantly decreased  The frontal and olfac
tory lobes of the brain are decreased 1n size ¥ Otherwise
the central nervous system presents a normal structure and
normal neurons at the hypothalanue, spinal cervical and
low dorsal levels @

Obese ammals eat, on the average about 25 per cent
more than non obese animals ®  (If permutted to select
freely the constituents of their diet, they select a ration
containng almost twice as much fat as do therr thin sib
Lings) This difterence of § calories per day between mtakes
of obese and non obese antmals 1s 1n many cases wsufficient
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to account for the development of adipose tissue at the rates
frequently obsersed {up to 1 g per dayy  The energetics
of the development of the adiposity 15 thus not mtellipble
unless the oxygen consumption and the activity of the abese
and the non-gbese ammats are considered  In other words,
only 2 comparison of the complete energy balance of the
o types of animals gives 2 thermodynamic interpretation
of the development of the obesity *

When resting overall oxygen consumption is measured
with the open aremt Haldane, 89 it 15 found that the obese
ansmals show no mcrease whatever over non-obese controls,
m spite of thetr much greater weight  If the resuits are
expressed on the basis of body surface, with weight to the
0 7 power bewng taken as propattional to the body sucface,
one finds that the 'basal metabohe rate” of obese hyper-
glycenue mice Taay be at least SO per cent Jess than that of
the nonobese kttermates  The energy requuement for
mawntenanct 15 thus no greater for the obese muce than for
thur bittermate controls **

Measurements of spontancous actiesty™® disclose that
non fasted non obese aniaals are 50 to 100 tumes more
active than obese ammals  This mactavaty 13 not the result

*The mopenabee of wacuvity i the euofogy w llustrated by the fay
that exercre ag ohrse m cr daily o5 the treadm 15 atops shese we ght Zaan (38
11 obese mice ave bred whe cogrey the weltz ng gene and sre w covsant
£0t3ry manwment 3 therr vages, their weight yarely exceeds 40 5 snstead of
fice that velne

# Fayection of the LD, of gokdth nglucase ists these mmece eauses o lage
proparnon oF the survivore to betome obewe {3 1a paricular the fio
wiblings of obese hypergiyceiiie M ce ran be thuy trested  Tws 1izermate
mce can vhus be produced whach s7¢ obese for different rewson  Cold
thiaglucose obese wuce Rave @ food mabe murk greater Gan ¢ ther won
Sbese ot geneticsl y obese ammats thar acuvity sppears herdly wnpired,
theat o¥yRen eomumpPlion 13 greater than that of the nonwbers or of the
Bereditanily obexe hepergly cemsc an mals L5
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high protein and high carbohydrate diets, by fasting and
by growth hormone, and drastically decreased by thyroxne
Overall body cholesterol content 1s more than doubled

The apparently low basal metabolic rate, sensitivity to
cold, lack of activity, hypercholesteremia and the fact that
the oxygen consumption and blood cholesterol levels of the
obese ammals are, at least temporanly, highly sensttive to
thyroxme could be construed to suggest that hypothyrord
1sm 15 an essential part of the syndrome However, the
histologic image of the thyroid 1s normal ™ Thyroidectomy
of non obese ammals or administration to these of pro-
pylthiouracil does not reproduce the obese hyperglycemc
syndrome % Thyroxne and thyrotropic hormene give
Iittle protection agawnst cold ®  Fmally, both thyrod
radiotodine uptake and resistance to anoxia (shown to vary
imversely with thyroid function) are identical in obese and

non obese ammals %

A basic abnormality of the adrenals of etiologteal sig
nificance can also be ruled out The histologic picture of
the adrenals 1s near normal ¥ ®  Bilateral adrenalectomy
with mamtenance on saltne solution permits continuation of
weight gam, ™% although blood glucose levels are tempo
ranly decreased  Smilar results with respect to wm%}:)t
gain are obtained 1f desoxycorticosterone acetate 1s used
(Cortrsone without saline administration does not permut
maintenance of the adrenalectomized obese rmce)  Admun-

of ACTH does not accentuate the obese hyper-
i but simply shows essentral toxic effects
hil counts of obese hyperglycemic mice
do not differ from those observed mn non obese littermates
ACTH administration the decrease n crculating
After hils 1s of the same order 1n obese and n non obese
eos:::lps Finally, protonged admumstration of ACTH or
ant

glyceme syndrome,
Peripheral eosinop
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much mcreased rate of incorporation of labeled acetate
mto fatty acid, and accessorily, mnto cholesterol In a first
experimental series,™ fasted obese and non obese mice
were mjected with amounts of C** carboxyl labeled acetate
proportional to body werght and the radio actity of
expired CO, was determined It was found that, within
the first three hours, the obese animals retained up to twice
as much of the CM as did the non obese ammals It was
also found that, when the carboxyl labeled acetate 1s mcor-
porated 1n the diet, twice as much of the radiocarbon was
incorporated into Iiver fatty acids n the obese ammals than
in the non obese In a second experimental serses,®® young
and old animals, both obese and non obese, were compared
and the carcass fat as well as the hiver fat examned after
identical amounts of carboxyl labeled acetate had been
mcorporated mto the diet of each ammal The anmals
were pair fed Resultant incorporation of radiocarbon m
the liver (total fat and cholesterol) and in the carcass
(total fat and cholesterol) 1s given 1n table IT It must
be noted that this new experiment presents the following
advantages, from the pomt of view of mterpretation over
the previous ones ' 1 only by determuming counts
retained both 1n the carcass and 1n the liver 1s 1t possible to
appraise the true picture 1n overall lipogenesrs 2 1f obese
ammals are pair fed with non obese amimals, they stay prac

tically at constant weight “® 3 1f obese and non obese
ammals have similar oxygen consumption,™ food mtakes
of the same order when n weight balance!® * and similar
“active body masses™,® 20 1t appears more logical to
admunsster the same amount of radoacetate to obese and
non obese ammals, rather than give doses propomonal to

body weight, 4 comparing both young ammals (with the

obese weights only shghtly m cxeess over the non ohese)

and mature ammals makes 1t possible to establish dlearly
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the etiological significance of the ncreased rate of radio-
acetate incorporation and to demonstrate that it 1s not
sumply an effect secondary to the extreme adiposity

‘Table 11

ncorporation of radiacetate {counts per min retamed) tn par fed
bese hyperglycemic mice and their controls values and sigmuficance
Bates Mayer, unpublished)

Young zrumals Marure samals
(8 sncmals per group) (# an:mals per group)

Non-obese Obese Noa-obese Obese

(M8gm)  (28pm) @6 gm) “2.2)
Mt M5 131 goee 1356 16720
esterol 47 1040 173 185
s

a4 1852800 316 166
lesterol ——— 268 42900 113 158"
1eANCE

ese values difiering from non-obese values with a s gu ficance

less than 0 05

> Iras than 0 01

 Tess than 0 001

Consideration of table II shows at a glance that, m
mature ammals there 1s sigmificantly more fatty acid syn-
thesized from radioacetate 1n obese than in non-obese
amimals both w Iver and in the carcass  The order of
sigmficance 1s particularly high for the carcass fatty aauds,
the rate of which 1s double for the obese ammals of that
of the non obese mice  Syathests of carcass cholesterol 12
also sigmficantly tncreased  More important, all these
differences are magnified 1if young anmals are compared,
even though differences in body weights are sull small
There, all differences are highly significant, with fatty aaid
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synthesis differing, both i the liver and in the carcass, by
factors of 1 to 3 and cholesterol synthests of 1 to 2*

While these biochemical differences give a satisfactory
explanation for the adiposity and hypercholesteremia and
may imnterpret too such phenomena as the mertia of depot
fats from the ponts of view of oxygen consumption and
resistance to cold, 1t remains to correlate this with the blood
glucose picture, sensitivity to growth hormone, resistance to
nsulin and other abnormalities of carbohydrate metabolism
and endocrine regulations  There the role of the pancreas
appears central A series of recent experimental mvestiga
tions now makes 1t possible to integrate these aspects of
the syndrome and to reduce 1t to a single endocrine abnor-
mality

Table I

Effect of a single dose of diethyldithiocarbamate on the blood glucose
levels of obese hyperglyceric mice (Mayer, Andrus and Silides, Endo-

crinology, 53, 572 (1953) modified)

Treatment Nl wament 24 hes 6 days 14 days
0 —e 12 201530 256242
15 mg 1 22624 13918 15019 161229
o pair fed with 15 mg ——— 3 21013 233235 21235 21219
02 mg growth hormone — 6 21520 301215

th hormone + 15
2 m: xg)';:';TC 6 20632 151219
m

0 101 U msuln 3 198213 18621
10 I U subn + 15 mg P Jszs dead

PEDTC —ir——
P

glycemie syndrome

« from
muce
ora
rper



First obese and non obese ammals were mjected with
diethyldithrocarbonate a compound previously reported to
damage pancreatic cells i other species ' Among non
obese ammals some muce exhibited toxic symptoms hypo-
glycemic convulsions n particular  The effect on obese
ammals was particularly rewarding  Blood glucose levels
were depressed to near normal levels and remained low for
pertods lasting up to 3 to 4 weeks following a single injection
(table II1) The eflect was not simply a toxic symptom
due to mmamtion as untreated anmals parr fed with
DEDTC mjected mice still showed an elevated blood glu
cose level Mucroscopically the most striking finding was
the change 1n appearance of pancreatic B cells within two
hours after treatment they became indistinguishable from
those of non-obese animals with the characteristic even
d stribut on of a large number of beta granules  Treatment
with DEDTC made the ammals insensitive to growth hor
mone and reestablished the normal sensitivity to msulin
(table ITI)  Pretreatment with DEDTC also eltminated
the hyperglycemic response normally elicited by cobalt chlo-
nde It also decreased the effect of hyperglycemec pan
creat ¢ (beef) preparations 1t increased resistance to cold
and led to reduction of food intzke to non.obese levels
ncreased actrvity and weight loss

Determenation of the msulin content of the pancreas
was conducted by the W renshall bioassay method 9 It was
found that the insulin content of the pancreas 1s significantly
higher than that of the non obese animals in spite of the lack
of B granules

1¢ appears legitimate to conclude to date from available
data that the primary genetic lesion in the obese hyper
glycemic syndrome 13 2 hypersecretion of the pancreatic
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hyperglycemic factor* by the overactive A cells The result-
ing hyperglycemia causes increased msulin secretion and
hypertrophy of the B cells In most ammals, the resulting
secondary insulin hypersecretion 1s not sufficient to bring
blood glucose levels back to normal, although 1n some ani-
mals near normal values are obtained  Even then, these are
extremely precarious as a single mjection of growth hor
mone (which 1s clearly demonstrated, by the diethyldithio
carbamate experiments to be the tropic hormone for the
pancreatic  hyperglycemic factor) will reestablish the
imbalance and “unmask” the hyperglycemta The mncreased
Lipogenesis 1s doubtless a result of the increase 1n arculating
msulin, its mechanism 1s dependent on that of the action of
msulin Depending on what one conceives that action to
be, two alternatives can be suggested

If, as some authors belteve, mnsulin acts at two levels,
phosphorylation of glucose and hipogenesis from C, frag-
ments, 1t follows that while insulin 15 more than counter
balanced at the C, (glucose phosphorylation) level s
effect 1s practically unabated at the C, (hipogenests from
acetate) stage ‘The measured great secondary mcrease
in arculating insulin thus directly leads to the observed
increase 1n lipogenests rate

If, on the other hand, one accepts the other view that
msulin acts solely to facilitate the entry of glucose into cells,
while the hyperglycemic factor activates liver phosphory-
lase, one would have to postulate that liver glycogen 1s con
stantly broken down (and resynthesized) at an extremely
rapid rate, that insulin pushes this constantly available large

©The term nesocme  from the Greek mesos ssland and the suffix
denoting secrenion has recently been suggested {24) Tts anatomic derivat on

{corresponding to that of wsul n derived from the correspond ng Latn
root) appears more trad tonal than one based on a rather vague type of

action like glucagon
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amount of glucose into adipose tissue cells, and that the
mereased glycolysis conditions the ncreased lipogenesis
Experiments now n progress should permit assessment of
the relative ment of these two hypotheses
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Discussion

Dr J § L Browne (Montreal Canada) There was
brought to our attention an article by Abaza et al which
was published in Presse Medicale and reported n the
BMJ (Sept 19 1953) on a syndrome which they called
the Young syndrome 1n human beings consisting of obesity
overgronth and diabetes hyperlactation large babies ctc
They attributed this 1 gather from the BM J, to growth
hormone oversecretion msufficient to produce acromegaly
They say they hase only a few cases of the complete syn
drome but as the authors put it fragments are not
uncommon

Dr Martiv G GorpNER (Brooklyn New York) 1
should like to comment on Dr Mayer s experiments with
diethyldithiocarbamate and fus conclusions in regard to the
pancreatic aipha cells  As I recolfect it hadota reported
m his onginal paper that diethyldithiocarbamate has a
destructis e action on both the alpha and the beta cells in the
rabbit s pancreas  An imtial short lasting hyperglycema
appeared 1n all of his antmals those which died within 30
hours developed a severe hypoglycemia but those which
survived did not show any prolonged change of the blood
sugar levels  Dr Mayer reduced the hyperglycemia in hus
mice by treatment with diethyldithiocarbamate 1 wonder
whether he has histological evidence that the alpha cells
were destroyed simultancously

Dr 1 J Prncus (Philadelphia Pennsylvamia)  We
tied dicthyldithiocarbamate in diabetic rabbits and found
the alpha cells looked better and more healthy than in the
normal

Dr Jean Maver (Boston  Massachusetts)  As
regards Dr Browne s question [ should like to pomt out
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the fact that these anmals, although they have hyper-
glycemia and very much ncreased fat content, have actually
decreased protemn content when compared to normal ani
mals Xt s quite sigmificant  ‘The overall 1s about 10 to 20
per cent

This 15 only a guess, but I would imagune that perhaps
the reason they have this decreased protein content and the
extreme sensitivity to growth hormone may actually be a
sign of decreased production of growth hormone due to an
wncreased production of glucagon  Thus 15, of course, just a
guess

As regards histological animals treated by diethyldithio
carbonate, we found the most striking results 1n treated ani-
mals, not in the alpha cells but 1n the beta cells  An hour or
two after injection of the diethyldithiocarbonate, the beta
cells are completely regranulated, and show a great many
beta granules These had totally disappeared before the
animals were injected  The fact that one could not see any
beta granules i the ammals before they were injected does
not necessarily mean that the beta cells were active It
might mean preasely the oppostte, that there was such 2
drain on the beta cells that there was no chance for insulin,
or nsulin precursors, to accumulate  But the pancreas of an
ammal treated with diethyldithiocarbonate 1s striking com
pared with that of the pancreas of a nontreated ammal It
1s only 1n very large doses that one sees destruction of cells
1t 1s true that with those very large doses the destruction
nvolves other cells than the alpha cells  So i implicating
the alpha cells speatfically one would have to accept an extra
polation of the evidence obtamned 1n the rabbit, assuming
that, 1 that spectes it 1s fact on the alpha cells that

drethyldithiocarbonate acts



LIPOGENESIS IN EXPERIMENTAL DIABETES

SAMUEL GURIN
University of Pennsylvamia
School of Medicine
Philadelphia, Pennsylvania

In the field of ipid synthesis, new and rapid develop-
ments have begun to appear on the horizon  The conversion
of carbohydrate to fat by the mtact animal has long been
known to biologists Some of the effects of the endocrines
on this process have been and are being actively studied
However, the mdividual metabolic steps by which this
most important series of reactions proceeds have, until
recently, been almost completely unknown

The now classical work of Drury™, so bnlliantly
extended and placed on a firmer footing by the isotope
cxperiments of Stetten and tus co-workers®? ¥ 9, demon
strated conclusively that whereas considerable amounts of
ingested carbohydrate can be converted to fat by the normal
animal, this process-1s materially inhibited in the “diabetic™
state  Both laboratories obtained evidence that treatment
of expenimentally-diabettc ammals with msulin brought
about a restoration of lipogenesis from carbohydrate

‘The same ph can be d d under tn

witro conditions  The ability of rat Iner shees to comvert
1sotopically labeled acetate to long chamn fatty aads was
first demonstrated by Bloch, Borek and Rittenberg™ This
has not only been amply confirmed, but in addition, a number
of other substances labeled with C'* or C** haye been shown
to contribute their carbon atoms to fat  Among these sub-
stances ate glucose'™ pyrusate® * ¥, lactate™, acetalde-
hyde"®, acetone™, butyric, hexanare, octanoi™ and 1so.
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valeric aads'™ ' Only the first three are glycogenic,
although the other substances can mcorporate their carbon
into carbohydrate at the expense of an equivalent amount
of carbohydrate precursor

All of the information at hand suggests that only those
substances capable of being degraded to acctyl coenzyme A
or an active 2 carbon fragment are utilized by mammalian
tissue for the biosynthesis of long cham fatty acids  This
mplies that carbohydrate must first undergo glycolysts to
pyruvic acid prior to its utilization for fatty acid synthests
That pyruvate and acetate can both give rise to active acetate
(probably acetyl coenzyme A) 15 now well established

Since the oxmdation of fatty acds also yields acetyl
coenzyme A, this substance becomes an important link
between carbohydrate and fat catabolism (Figure 1) It

FATTY ACIDS

? ACCEL
TES—F DIABETES

cu,co-scoA CH co5CoA] 225 Cot 0
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has also been known for years that this actne 2-carbon
fragment 15 oxidized to CO; by way of the Krebs trcar-
boxylic or eitric ad cycle  This hey substance can also be
conyerted nto ketone bodiests 19, cholesterol®™ and back
into fatty acds®®  What then deades whether acetyl
coenzyme A shall be converted to fat, cholesterol, hetone
bodies or CO,? It s n this area that hormonal and nutni
tional abnormalities certainly must play a deasne role

So far as lipid metabolism 15 concerned the * diabetic”
ammal exhibits several profound alterations

1 Trequently there 1s accumulation of excessive fat in
the liver 2 the liver of the diabetic ammal degrades fatty
acids to acetyl coenzyme A at an accelerated rate 3 keto-
nemia and ketonuria occur 4 carbohydrate 1s apparently
not converted to fat

If the diabetic cannot convert carbohydrate to fat then
the accumulation of lner fat in this state must be due to
mereased transport from extra hepatic tissues to the Iner
Another possibility would be that in diabetes the liver s
able to synthesize fat from other sources  In tutro expen
ments have clanfied this matter

The results™™ obtained with ltver shices from alloxan
diabetic rats or depancreatized cats are shown in table 1
It 1s quite apparent that the incorporation of radioactive
acetate into fat 1s profoundly mhibsted in the diabetic state
Similar findings hase been reported by Chernick  Chaikof,
Masoro and Iseaf ™ who employed C'* labeled glucose as
the substrate  The addition of insulin to such shces 15 with.
out effect nor can any sumulating cffect be obtained by
supplementing the slices with glucose, fructose 6.phosphate
or a keto glutarate  Howerver pretreatment of alloxanized
rats with mnsulin restores lipogenesis by lner shces™  The
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accumulation of fat in the liver must therefore be attributed
to mobilization and transport from extra hepatic tissues
and not to increased rates of synthests by the hver

Why s the liver of the diabetic ammal unable to syn-
thesize fat? Several clues are available It 1s important
to note that the synthesis of fat by liver slices proceeds
efficiently only when the amimal has previously been well fed
Masoro, Chakoff, Chernick and Felts®™® have observed that
fasting for 24 hours was sufficient to reduce the incorpora-
tion of glucose mnto fatty acids by liver slices to less than
one tenth of that observed on a standard dietary Fur-
thermore, whereas a high carbohydrate diet produced no
impairment of lipogenesis by liver slices, a high protemn
diet or one composed of protein and fat had a profound
whibitory eflect  Lyon et al®® and Van Bruggen er alG?
have likewise reported that the conversion of labeled acetate
to fat by liver slices 1s also dtmimshed apprectably by prior
fastng  We have observed similar effects 1 our own
nvestigations

Chaikoff and hts co workers have also obtained evidence
that glycolysts may 1n some way be coupled with fat syn-
thesis®™®  If fructose 1s fed to alloxan diabetic rats, the liver
recovers some or all of its ability to synthesize fat from
acetate or lactate, but not from glucose  This 1s quite differ-
ent from the effects of insulin administration to the diabetic
antmal which restores to the hiver the ability to utilize glu
cose for fat synthess They have also demonstrated(?? 2%
that normal and “diabetic” lver shces utilize the same
amount of fructose It s clear therefore that most of the
glycolytic enzymes are wntact in livers of diabetic animals
There 1s also a considerable body of evidence indicating
that there ts fo significant 1mpairment of the Krebs citric
acd cycle in this state If the enzymes are intact, 1t 1s
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tempung to wonder whether there 18 2 deficiency of sub-
strates for plycolysts  This cannot be tested by adding
phosphorylated intermediates of glycolysis to diabetic hver
slices since they do not readidy diffuse through cell mem
branes

Many of the effects T have talked about can be dupht
cated even n agueous extracts of hver  We have recently
reparted the preparation of an agueous particle free extract
of pigeon®® or rat hver * which 13 capable of converting
radioactive acetate as well as pyruvate to fongcham fatty
aads  In contrast to previous results obtained by us as
well as others with liver shices pyruvate 1s more eficiently
utthzed by this extract for fat synthews than s acetate
Thes result makes more sense physiologieally since afl of us
know that carbohydrate s a better source of fat in the
hving organism than is acetic aard

Table ¥
Lipogencsis in Duabetic Rat Systems
Cpmimg.  Facey Acid

Normal 82 100
13 abet ¢ Control & 13
4 M tochondna {Normal) 6 -
4+ Supernat {Normal) 19 32
+ Ghcogen — 32 50
<4+ Hexote IJ phosphate 52 63

Sumlatly prepared aqueous exteacts of lser obtamed
from all diabetic rats are incapable of synth g fat
{Table I}  Since there are no membranes present ot 13 now
possible to study the effects of adding vanious intermedsates
of ghycolysis ta such a system  The addition of washed
mitochondna obtained from hivers of normal well fed rats
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fails to restore lipogenesis whereas the supernatant fluid
recovered after high speed centrifugation of homogenates
of normal liver has a defimte stimulating effect upon Itpo-
genests  Stimulating effects were obtaned with glycogen,
fructose, glucose-6-phosphate or hexose diphosphate but

Table II
Lipogenests 1a Diabetic Rat Systems

Com/mg  Pany Acd

Diab Control . . _ _ 4 8 6
“ “* 4 Glucose - - = 8 —
“ “ 4 Fructose — — 21

“ ‘© +G6P . 11 16 —

‘ “ 4. Gl6-P+ATP _ 27 - —

“ “ <+ Hexose Diphosph 48 — 50

not with glucose (Table II) It should be observed in
passmg that our a2queous extracts contain very little or no
glycogen It 1s immediately obvious that intermediates of
glycolysis have a pronounced stimulating effect upon lipo-
genests 1 “diabetic” extracts  That the rate of phos-
phorylation 1s hmiting 1s obvious 1f one compares the effects
obtained with glucose, glucose-6 phosphate, glucose-6 phos-
phate supplemented with ATP, and hexose diphosphate
Since there are no membranes mn a particle-free extract, 1t
1s at once apparent that glucose 1s neffecttve here because 1t

cannot be phosphorylated The same enzyme solution which
ot t e 4 b Tebn enmnegys 18

This
ty In
bility to synthesize

event, 1t-would appear that the 1na
;:tywhlch 1s associated with the diabetic state may probably
be ascribed to dimnished glycolysis resulting from a
decreased ntracellular concentration of phosphorylated
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ntermediates of glycolysis  This concept can also help to
explam the dumnished Lipogenesss observed 1n lisers of
previously fasted animals

1f this relationship between glycolysis and lipogencsis
s valid then any physiological state assocrated with eficient
glycolysis should enable the liver to synthesize fat  The
total amount of fat formed will naturally be also dependent
upon other factors such as the rate of oxidation of the fat,
transport to and from the liver etc

Although the addition of insubin to fiver shees of normat
rats 1y produces a } effect wpen the
incorporation of labeled acetare mto fat ® no such m titre
cfcct has been obsenved with compacable slices of dubetic
antmals  Nor has any effect of msubn been obtamed with
the particle free extracts used i our studies

It 13 of some nterest that whereas hiver shices obtamed
from pancreatectomized cats cannot synthesize fat the
remos al of the hypophysis as well as the pancreas once agam
restores to the hver tts abiity to synthesize fat (Table I}

Table I
Couversion of C* Labeled Acerate o Farey Acids
By Luver Shees of Alloxan Dabetie Rats and Depancreatized Cats

32 xou R
10 Normat tat 1950
3 Allovan zed rat 023
[ Normal eat 28
3 Diepancreat red cat
{860 days Tost-Op) 007
7 Houesar cat

(43 days, Post-Op ) 27



The situation 15 quite remmiscent of the results obtauted on
glucose utihization m sumlar ammals  In view of what has
been said about the dependency of lipogenesis upon glycol-
ysis, it 1s reasonable to postulate that the ability to syn-
Sthcsnc fat 15 secondary to the power to utdize glucose
When the ability to metabolize glucose 1s restored, a favor-
*able situation with regard ta ipogenesis is established
Several preliminary expeniments have been carried out
with growth hormone as well as cortisone  The adminis-
tration of growth hormone for several days to hypophy-
sectomized pancreatectomized cats depresses Lipogenesis by
the iver A similar effect upon the liver 1s obtamed by the
admunistration of cortisone for a short period of time fo
meact normal rats®”  These prelimnary expersments
suggest that, at least under certain conditions, both hormonal
principles can exert an inhubitory effect upon lipogenests
What sigmificance such results have upon the economy
of the wholc organism remains to be established  Thrs type
of information simply reveals the fact that under certamn
physiological aircumstances a particular metabolic pathway
15 open (that 15, the particular enzymes, cofactors and
metabolites mvolved are present in adequate quantity), or
that 1t 1s closed  If the pathway is for example, open, then
fat can be synthesized The amount accumulating will then
depend upon a host of other physiological factors such as
excretion rates, transpart, rates of oxidaton and all of the
complicating physiological variables encountered in the

whole organism
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The situation 15 quite remimscent of the results obtarmed on
glucose utihzation 1 similar ammals  In view of what has
been said about the dependency of Lipogeness upon glycol-
ysis, 1t 1s reasonable to postulate that the ability to syn-
thesize fat 1s secondary to the power to utilize glucose
When the ability to metabolize glucose 15 restored, a favor-
able sttuation with regard to ipogenests is established
Several preliminary experiments have been carrted out
with growth hormone as well as cortisone The adminis-
tration of growth hormone for several days to hypophy-
sectomized pancreatectomized cats depresses lipogenesis by
the hver A similar effect upon the liver 1s obtained by the
admtnistration of cortisone for a short pertod of time to
imntact normal rats“?  These preliminary experiments
suggest that, at least under certain condttions, both hormonal
principles can exert an inhibitory effect upon lipogenests
What significance such results have upon the economy
of the whole orgamsm remains to be established This type
of nformation simply reveals the fact that under certain
phystological crreumstances a particular metabolic pathway
1s open (that 1s, the particular enzymes, cofactors and
metabolites involved are present 1n adequate quantity), or
that 1t 1s closed  If the pathway 1s for example, open, then
fat can be synthesized  The amount accumulating will then
depend upon a host of other physiological factors such as
excretton rates, transport, rates of oxidation and all of the
complicating  physiologtcal variables encountered mn the ,_
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Discussion

Dr ForresT E KenparL (New York, New York)
This paper makes 1t very clear indeed that the chemustry of
Iife 1s terribly complicated It 1s difficult, even for one
superficially famiiar with this field, to follow the mmplica-
trons of the work discussed by Dr Gurin, because the implt
cations are very far reaching

I think 1t 1s becomng clear that the direction of research
1n metabolic diseases is taking a new course Hitherto 1t
seemed to me the principal emphasts in the study of these
diseases has been directed toward a study of the hormonal
factors involved These hormonal factors must exert their
effect through a change in the chemical processes that are
gong on, and 1t 1s really amazing to constder the progress
that has been made in the last four or five years in obtaining
exact knowledge of the actual chemustry of living cells

At present the details of this work seem confusing to
many of us, but we have reason to hope that these imtial
complications will be followed by the simplificatron that
always marhs progress in 2 field

1 was particularly mterested in Dr Gurin's first slide,
because 1t 1s one that would be just as applicable to a dis
cusston of arteriosclerosts as it 15 to a discussion of dia
betes Most of the workers in the field of arteriosclerosis
have come to beheve that arteriosclerosts 1s a metabolic dis-
ease involving some abnormality m the metabolism of lipids
The dagram that was designed for this discussion 1s just
as applicable for a discusston of arteriosclerosis, and we

ntually find that arteriosclerosis and diabetes are

may evel
y the same metabolic disease

simply two mamifestations of

Dr B Broou (New York, New York) I should like
to ask what was labeled 1n Dr Gurmn's drabetic solutions
when he added hexosediphosphate
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Dr Samuel GuriN (Phiadelphia, Pennsylvama}
Manly acetate also some pyrmate

Dr Broor Did you attempt to use DPN?

Dr Gurin Yes

Dr Broov Hexohmase and ATP?

Dr Gumin  We havent added hexokinase We are

planmng to do this very shortly I have no doubt that we
mught get some stimul effect with hexol

Dr T B Van Izatue (New York New York) Is
there any evidence to support Dr ILederers theory that
acetoacetate might end up with oxalacetate n diabetics and
overproduction of Ketone bodies in the duabetic?

Dr Gurik 1 do not believe there 1s any drrect evt
dence wh er ate can be converted
o extra axalacetic acxd 1 thunk the field has been conlused
a fittle bit because labeled acetate has been converted to

atrate and 1ts carbons ¢an get 1nto practically everything

Dr George ANversoN (Brooklyn New York) Was
thiogiycohic added to the acetoactate to note the effect?

Dr GurIN  As a matter of fact we tried thioglycohe
acid and a couple of sulfhydryl compounds

Question  Would you amphify your comments on what

1$ present 1n the superpatant hqmd obtuned from normal
hser?

Dr Guain { assume that 1t 13 one or many of the
intermedrates of glycolysts hexosephosphate or hexosed:
phasphate 1 do not know  We can simulate or duplicate
the effect of the supernatant by adding the pure compannds
By adding hexosediphosphate we can do a better )ob
actually than we can with the supernatant My own guess

29



15 that st 15 simply that 2nd nothing else  We have never
restored activity to normal but came very close to t, by
adding for example hexosediphosphate

Qourstion Have you tried octanoic acd?

Dr Gurin No [ havent tried that  The oxdative
rate 13 quite small i this solution It utilizes hittle oxygen
The mitochondra have been removed

When I talk about synthesizing fat m such 2 system
1 am not talking about kdos I am talking about a hundreth
or a tenth of a nucromol bemng synthesized by 5 cc of
such a solution  The only reason we can pach 1t up 1s that
we have radioactive precursors wiich tag the fatty aad
or cholestero! and we can then add carrier lipid and
recover st Al this mmphes 15 that the mechamsms are
there for the synthesss the substrates are there as are
the enzymes In the case of the solution obtamed from
dabetic anmmals something 1s missing and we think 15
the substrate

Qurstiovy  Since the commen denomunator for both
glycolysis and fat synthests here might be DPN dont
you think that st s very Yikely the couplmg that ocears that
s the reductson of DPN during glycolysis which 15 then
used to reduce the keto groups and so forth of fatty ands
maght be & likely explanation?

Dr Guusy  That 1s correct 1 agree completely with

your thesis T just don t know how to prove st



THE ENDOCRINE REGULATION OF
CARBOHYDRATE METABOLISM

C.N H Long

Yale University
School of Medicine
New Haven, Connecticut

The extstence of mechamsms regulating carbohydrate
metabolism 1s evident from the observation that, 1n spite
of wide variations in carbohydrate ntake, the level of
blood glucose 1s maintamned within rather narrow limits,
not exceeding 170 mgs % n the fed state and not dechimng
below 70 mgs % 1n a complete fast Since the level of the
blood glucose at any time 1s a resultant of metabohc
processes that add or subtract glucose to the crculation,
it follows that the mechamsms regulating carbohydrate
metabolism exert their effect on the cellular processes that
are concerned with glucose production or utilization

The present day emphasis on the part played by the
hormones 1n the regulation of a large number of bodily
processes shounld not lead us to forget that the hormones
cannot_and do_not mttiate events in the cell, but merely
regulate the_rate at which these events occur  In the case
of carbohydrate metaboltsm a number of organs act in
themselves as the regulators of the metabaolic processes
Among these the liver 1s pre emunent 1n 1ts capacity, not
only to store dietary carbohydrate but also to form carbo
hydrate from non carbohydrate constituents of the diet or
from metabolites derived from the tissues themselves
Such stores of carbohydrate are made available to the
organism as the occaston demands  On the other hand the
skeletal muscles which are the largest consumers of carbo-
hydrate have a hnuted capacity to act as providers of
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preformed carbohydrate and none as 2 source of this food
stuff by the transformation of non carbohydrate precursors

Thus, when we consider the influence of hormones on
glucose utihzation and production our first interest 1s to
examine their effects on the organs that are the mam site
of carbohydrate utihzation the muscles and those that are
n large part the mamn source of carbohydrate the liver
and to a lesser extent the kidney

Insulin and glucose utdization

Insubin 1s the major hormone in the body that 1s able
to accelerate the removal of glucose from the blood, as
well as 1ts transformation and ultimate utilizatton by the
tissues  Since the skeletal muscles are the largest organs
concerned with glucose utilization, 1t 1s the effect of insulin
on this tissue that has been most studied although it should
be remembered that its effects on glucose metabolism n
muscles are m all probability duplicated m other organs and
tissues, including the hiver

It 1s generally agreed that by some mechamsm, not yet
entirely established mnsulin either directly or indirectly
accelerates the rate of glucose utihzation by three major
metabolic pathways These are (2) polymerization of
glucose to glycogen both tn muscles and liver (b) conver
sion to fatty actds both in the liver and the adipose tissues,
(c) an ultimate increase in the proportion of glucose or
glycogen that 18 oxidized to carbon dioxide and water At
one time 1t was believed that the primary effect of nsulin
was to accelerate glucose oxidation but the work of recent
years has indcated that the first two transformattons pre
cede any increase n complete oxidation

Since nsulin secretion 1s stmulated by an increase
blood glucose which follows the ngestion of carbohydrate
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or other means, we have here a simple yet effective mecha-
msm by which the supply of the hormone that accelerates
glucose utilization 1s adjusted to the increased supply of this
foodstufi  Consequently, insultn mot only enables the
organism to utilize carbohydrate at a rate compatible with
the energy requirements of the body but also prevents a
nise w blood glucose beyond the level where the renal
tubules fail to effect its complete reabsorption from the
glomerular flurd

The problem of the mechamism of msulin action will
be considered by Dr Stadie and for the moment 1t will
suffice to say that two views as to the intimate effect of
msulin on cellular mechanisms have been propesed The
first, advanced by Dr R Levine and his colleagues 1s that
ingulin accelerates the entry of glucose into cells, where
the cellular mechamsms, which may not be snfluenced at all
by the hormone dispose of 1t by one or more of the meta-
bolic pathways available to them The second, suggested
by the work of the Cort’s 1s that insulin exerts an effect
on an essential enzymatic step in glucose metabolism. This
1s the phosphorylation of glucose to glucose 6 phosphate,
a transformation catalyzed by the enzyme glucokinase
They have put fornard the attractive hypothesis that this
enzyme 1s tnlubited by an interior pituitary hormone, and
that this hibition 1s released by wsulin  If this view 1s
correct, its importance to our understanding of the hormonal
control of ghicose metabolism 1s self evident

Carbobydrate metabolism during fasting

In the higher forms of life the central nervous system
13 serrously affected 1f the blood glucose level falls much
below S0 mgs % and elaborate mechanisms exist to sustain
1t well above the critical level The eflect of such regula.
tion 18 well scen when no food 1s ingested and the organism
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15 forced upon sts own resouxces to supply glucose  Under
such circumstances it has been observed that the blood
glucose fevel 15 mamtasned by alterations in the degree of
two major metabolie transformations

In the first place the utdization of glucose by the tissues
1 reduced to 2 small fraction of their total capaaity while
at the same tune the preduction of glicose from non.car
bohydrate sources largely proten 1s enhanced  Both these
elfects are now known to be mediated by hormomes and
the clue both to the endocrine glands concerned as well as
the metabolic pracesses avolved s furnished by a compart
son of the effects of fasting on normal and hypophysec
tomized anmals

As 15 well known normal ammals ran fast for Jong
penods provided water 15 avalable, without any serious
decline m the blood glucose level In contrast to this
ammals deprived of the twaterior pituttary exhubit carly
and large falls m the blood glucose leve! which if unre
Leved soon resuft m death  More detmled examination of
such ammals reveals two important difierences from normal
ammals (1} The rate of carbohydrate utidization remaumns
at a level more compatible with the fed than the fasting
state  In other words no reduction 1s observed and
conseguence the body stores of both hier and musde
glycogen are soon depleted (2} The increased rate of
stihzation of ghycogen would be ummportant if the mechan
\sm far its production remaned wmmpaired  However,
since fasting hypophysectormzed ammals actually have a
decreased abidity to convert thewr tissue protems to glucase
the combuned effect of both defects 15 @ rapid and often
fatal hypoglycema

The admstration of crude anterior lobe extracts to
isuch ansmals restores the normal abiity to endure fasting
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and as may be anticipated this 1s associated with a reduc
tion 1n carbohydrate utillizatton and an enhancement of
glucose production

The antertor patustary and diabetes mellstus

The metabolism of the totally diabettc orgamsm 1s 1
many ways an exaggeration of that of the fasting ammal
Both have a reduced capaaty to utilize carbohydrate and
an ncreased rate of glucose formatton from non carbohy
drate sources  As 18 now well known hypophysectomy con
verts the severe diabetes of experimental anmimals into one
of a much milder degree It does not return the carbohy-
drate metabolism entirely to the normal state but a consider
able degree of abihity to utilize carbohydrate 1s restored
The admumstration of crude pituttary extracts rapidly
reduces such carbohydrate utilization as may have returned,
and the ammal reverts to its previous severe and fatal dia
bete state

In hecping with the capacity of such extracts to depress
carbohydrate utthization 1s the observation of Houssay that
similar extracts produce the diabetic state 1 normal ammals
Furthermore as Young has shown massive and prolonged
treatment of normal ammals with such extracts Jeads to the
destruction of the wsulin secreting cells, so that a diabetes
that begtn as a result of an excess of anterior lobe hormones
1s perpetuated by an insulin defiwency The link between
the two states 1s the high blood glucose produced by the
former which incites an excess insulin secretion that ult
mately leads to the exhaustion of the cells that produce it

Antersor prtustary bormones influencing
carbobydrate metabolism
If the anterior pituitary secreted only one hormone the
problem of 1ts participation in carbohydrate metabolism
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would be greatly simplified However, at least six hormones
are believed to be formed and secreted by this gland and
the analysis of its effects are consequently exceedingly com
plicated

Among the anterior lobe hormones certamn can be elim
imated since either the removal of the target organs they
control or their injection has little or no effect on the carbo
hydrate metabolism of normal dtabetic or hypopysectom zed
ammals These are both gonadotrophic hormones thyro
trophic hormone and the lactogenic hormone  Certainly
none of these appear to play any major role although their
participation under some cirrcumstances as synergists or i
some other way cannot be entirely excluded

Among the known hormones this leaves the adreno
corticotrophic factor and the growth factor to be considered
To these must be added the distinct possibelity of the exist
ence of another metaboltc hormone that so far has not been
scparated from the known prineiples secreted by the gland

Effectsof A C T H
All the effects of A C T H on metabolism are due
to 1ts capacity to mcrease the rate of secretion of the adrenal
cortcal sterouds particularly of those of the type of corts
sone and hydrocortisone Therefore the effects of these
hormones on carbohydrate metabolism are the main pomnt
of nterest since there are no well defined effects of A C
T H that arc not reproduced by adrenal sterords
Stud es of the metabolism of adrenalectormized rats
have shown that these antmals like those that have under
one hypophysectomy have a hmited capaaity to endure
§ without the development of a dangerous degree of
i:;v,s:ng%ycemla 1t has also been this hypogly
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tion, an observation that has led to the conclusion that such
amtmals have an impaired rate of gluconeogenesis from
protein  This 1s supported by the fact that the admmistra-
tion of cortisone or allied steroids to fasting, normal, adren-
alectomized or hypophysectomuzed rats brings about an
mcrease 1n the fasting blood glucose level and a marked
ncrease n liver glycogen Since the level of muscle gly-
cogen 1s unchanged a new formation of carbohydrate from
non carbohydrate sources must have occurred  The source
of this new carbohydrate 1s evidently the protein stores of
the body, since the increase i urinary mtrogen 1s more than
suffictent to account for glucose formation from this source

In fed ammals, these steroids not only increase the
urinary mtrogen but cause glycosuria  In such cases the
amount of glucose lost in the urine 1s far greater than could
be accounted for by increased protein catabolism, a fact that
indicates that in the fed state these steroids also depress
carbohydrate utihzatton In partially depancreatized am-
mals, an intensificatron of the diabetic state 1s readily pro-
duced by cortisone ar hydrocortisone

At first sight the effects of adrenalectomy and adrenal
steroids on carbohydrate metaboltsm 1s very stmilar to those
produced by hypophysectomy and anterior lobe extracts,
and this apparent similarity 13 further suggested by the fact
that adrenalectomy also attenuates 2 total pancreatic dia-
betes  However, as will be seen there are other pituitary
factors that influence carbohydrate metabolism apart from
that exerted through the adrenal glands

It 1s well at this point to emphasize the apparent role
of A C T H and the adrenal sterouds 1n carbohydrate
metabolism It would appear at the present time that the
principal effects of these hormonces 1s exerted on those proc-
esses by which glucose 15 formed from non carbohydrate
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sources An adequate rate of gluconeogenests 15 essential
for the mamntenance of the blood glucose during fasting and,
as we have scen, the withdrawal of A C T H or adrenal
steroids from the body that follows hypophysectomy or
adrenalectomy 1s associated with an mability of these ani-
mals to sustan adequate levels of blood glucose under such
circumstances

The growth hormone and carbobydrate metabolism

The demonstration by Houssay that hypophysectomy
attenuated pancreatic diabetes, followed by the observation
by Long and Lukens that comparable effects were produced
by adrenalectomy raised the question as to whether the
farmer effect was due to the withdrawalof A C T H by
hypophysectomy  Both groups were soon able to demon-
strate that crude anterior lobe extracts exacerbated the
diabetes of adrenalectomized ammals maintamed on con
stant amounts of adrenal cortical extract These expert
ments indicated that in additon to A € T H the antertor
lobe secreted another agent that influenced carbohydrate
metabolism but which acted without the presence of
increased amounts of adrenal cortical steriods

Thus ageat 1s now believed to be either the growth hor
mone or another pituitary metabohe hormone that so far
has not been separated from preparations of the former
Consequently the term growth promoting preparations will
be used without necessarily implymg that all the metabolic
acuvity of such preparations are due to a single entity It
is certamn however that such preparations are so low n
A C T H that their metabolic effects cannot be ascribed
to adrenal cortical simulation alone

In contrast to A C T H, the major effects of growth
hormone preparations appear to be a suppression of carho
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hydrate_utilization_by_the peripheral tissues, largely.the
skeletal muscles  This 1s indicated by the following observa
tions (1) They exacerbate the diabetes of hypophysectom
1zed depancreatized ammals  (2) They produce either
temporary or permanent diabetes in normal cats and dogs
The amounts required are quite small and far below those
needed to produce even temporary glycosuria with A C
T H (3) They decrease the respiratory quotient of car
bohydrate fed ammals (4) They depress the glucose
uptake of the 1solated rat diaphragm

All these facts strongly suggest that the rate of glucose
ntilization 1n skeletal muscles 1s regulated by the growth
hormone or some other antersor lobe factor Together
with the capaaity of another pitustary factor (A C T H)
to influence gluconeogenests the two pituitary factors may
well constitnte the hormonal mechanmism by which the organ
1sm 1s 1ble not only to reduce carbohydrate utilization to
a mintmum during a fast but also to furmsh from non
carbohydrate sources the glucose necessary to maintain ade
quate blood glucose levels during such 2 pertod

The diabetogenic properties of both growth hormone
preparations and A C T H when given in excess are to be
ascribed to an exaggeration of these joint effects on carbo
hydrate metabolism and as is now well known the con
ttnued high level of blood glucose produced by their action
will in time lead to a secondary msulin defictency

Epephrine and glucagon

There still remain to be discussed two other bodily con
stituents that have a pronounced effect on carbohydrate
metabolism  The first of these epinephrine, 1s undoubt
edly a hormone but the hormonal role of the second _glu
cagon or pancreatic hyperglycemic factor, remains fo be
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established  Since Dr Wrenshall 1s to make this the topic
of his paper I shall do no more than mdrcate 1ts possible
partiaipation n carbohydrate metabolism

The effects of epinephrine in promating hyperglycemia
and glycogenolysts 1n Liver and muscle are too well known
to require repetition  There are however several interest
ing pownts about the activity of this hormone that empha
size the interrelationshups that exist between several endo
crine glands in the regulatron of metabolism

In the first place epinephrine 1s essentially a hormone
that 1s concerned with the redistribution of preformed carbo
hydrate It 1s known to activate the phosphorylase system
both 1n liver and muscle and as a result increase the rate
of release of glucose from the liver and of lactic acid m
the muscles  Swnce lactic aaid can be converted to liver gly
cogen this hormone acts i such a way as to make the gly
cogen stores of muscle available as a source of blood glu
cose

It also has other effects The increase 1n blood glucose
that 1t mediates serves as a stumulus to insulin secretion
which 1n turn brings 2bout the rapid utilization of the extra
glucose available to the organism replemishing both the
Iiver and muscle glycogen It has also been shown that
epinephrine can stimulate the secretion of A C T H which
1n turn leads to the release of adrenal steroids whose mflu
ence on the production of glucose from non carbohydrate
sources has already been described

The participation of epinephrine in carbohydrate metab
oltsm 15 probably of chief importance where the organism
1s threatened by hypoglycemia  In these aircumstances there
1s stimulation of elements of the autonomic nervous system
and epinephrine release The latter not onfly ;nofl:xllfzelsl all
preformed stores of glycogen for the relief of the falling
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blood glucose level, but 1n additton may by sumulation of
adrenal cortical secretion add to the carbohydrate stores of
the body material dertved from the large store of glucose
precursors asaiable in the tissue proteins

Thus brief discussion 18 intended to outhne the complex
interplay between several endocrine organs that determines
what we speak of as normal carbohydrate metabolism A
great deal remains ta be added to the exact nature of these
snterrelationships but enough s known to gne encourage-
ment to the hope that our understanding of diaberes melhitus
soll be considerably advanced i the years ahead by a con
tinuation of such studies

Discussion

Dr J S L Browne {Montreal, Canada) In the
problem Dr Long so exceltently outhined, he had to include
protemns fats, and energy requirements, and as other speak.
ers this morning have panted out, they are all interrelated

Dr Long has quite nightly pomnted out that the endo
crine system 1s regulatory not creative These problems
seem to me to be one of whether the direct achon of hor-
mones, as well as their guantitatve effects, can be altered by
the status of the cellular or metabolic pattern of the body
at the me these hormones act  Certain examples of this
sort of thing, are the presence, 1 certam condinions, n so
far as we are able to measure them, of increased amounts
of certann hormones which, as Dr Long says, we believe
have certain actians on cathohydrate metabolism  And yet
blood glucose 1s little affected  Take, for example, preg-
nancy i human bemng, m so far 1s we are able to measure
1t, there arc very large quantities of adrenal eortical hor.
mones of the glucocorticaid type produced during this
particular state which we must regard as an essential and
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normal state i the human being as well as 1n other species
Yet where 1t 1s true that i certam abnormal conditions
marked disturbances of carbohydrate metabolism can occur
in pregnancy, ordinarily speaking, they do not do so  Simi-
larly, in trauma, as Dr Ingle pointed out n the rat, and as
we have observed i the human being, we may have 1 very
large increase in cortical hormones with no disturbance of
carbohydrate metabolism  Also 25 you remember, Dr Ingle
showed when he gave a constant amount of adrenal cortical
hormone in the adrenalectormized depancreatized ammal,
trauma far from increasing the excretion of glucose in the
urme decreased it

We have the amuno actd pool, and we have, so to speak,
on either side of thts vast quantities of protemn materials
and urea areas, and one might regard the amino aad pool
as rather narrow channels in between very large areas, quan-
titatively speaking

Dr Gurin mentioned he did not synthesize kilos of
materizl, and yet in the body hilos of materia] are present
1n various areas in what we call fat, protemns and carbohy-
drates, and what we observe 1s the effect of hormones upon
the interplay between these

1 sometimes wonder whether one cannot compare an
effect like, for example, Dr Ingle's eflect 1n the rat where
he gave corticosterone and found that he needed 1,000 umits
of msulin to correct this, which 1s an enormous amount, to
a rather steep slope with snow on 1t, and then a meltng of
the snow occurs and the whole thing shides rapadly 1n one
direction

The problem 1s as to what are, if at all, the things which
determine the rate of this process between these various
areas It seems to me the hormones may nfluence var;lous
processes of enzymatic and other loss, but that somethng
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else 1n some way determines the, what should I say—{1f
you open the tap with the hormone) the rate at which the
water will flow from one area, say fat, to carbohydrate or
from protein to carbohydrate, or carbohydrate to fat, and
these, 1t seems to me, almost entirely unknown, but I do
think that hormones, following the quantitative aspeets
which they have on carbohydrate or protein or fat metab
olism, are in some way regulated by these other factors
which will modify the hormone lag and rate or degree of
action

DPr B A Houssay (Buenos Aires, Argentina)  In
diabetes, there 1s not only disturbance of carbohydrate
metabolism but of the whole metabolism the metabolism of
protein and the metabolism of fat, and the intermediate
metabolism s also disturbed It 1s extremely important to
know this fundamental fact

Secondly, there 1s an integration of all this process of
metabolism  The hormones have a very important role 1a
the regulation of metabolic processes but the metabolisms
also regulate the secretion of the hormones There 1s 2
system producing hormones in equlibrium balance This
equilibrium balance of h 18 regul 1
Thus 13 also a very important notion

The normal carbohydrate metabolism in diabetes 1s 1 an
important part regulated by hormones, and diabetes 1s not
a disturbance of one metabolism, 1t 1s a disturbance of the
whole metabolism and the whole balance of hormones It
18 a disturbance of general metabolisms due to a disturbance
in the regulation of hormonal equilibrium

Dr Long has gnven us a very good general presentation
of the problems imolved He has mentioned the action of
the cortical hormones of the pitwitary gland It s proved
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we can produce temporary dithetes with corticods (sterowd
diabetes), but 1t1s very difficult to have permanent diabetes
We have obramed that m the dog only with a previous
surgical reduction of the pancreatic mass (to 15 20% of the
normal valuey  When there 1s such a reduction i pancreas
1t 15 posuible for corticouds to produce permanent dinbetes in
some cases

In the problem of the pitwitary, many secretions are
malved In most of our experiments especrally in dogs
the growth hormone s the more potent 1ctne substance,
but the adrenocorticotropun hormone can produce temporary
or permanent diabetes although it 13 defimtely less actwe
than growth hormone 1 the dog  In the rat, the adreno
corticotropin hormone 1s much more important

1 thisk more complete research on the relative action of
these hormones must be done  Time 13 too short for many
other comments I should like to make



SOME HORMONE INTERRELATIONSHIPS IN
EXPERIMENTAL DIABETES
B A HoussAy

Insututo de Biologia y Med: Exp !
Buenos Aires Argentina

Total pancreatectomy produces a severe diabetes 1n dogs
(Von Mering and Minkowsh: 1889)  This experiment
demonstrated the role of the pancreas in diabetes it showed
the existence of an internal pancreatic secretion which led
Banting and Best (1921) to the discovery of mnsulin  This
techmgue was used to demonstrate the role of the liver in
the production of glucose and the regulation of blood sugar
level for the cluadation of the role of some endocrme
glands mn carbohydrate metabolism and in diabetes and the
existence of a homeostatic balance of the secretions of many
endocrine glands m the regul of the it d
metabolism of carbohydrate protemn and fat  But total
pancreatectomy has little or no value in the study of the
prevention of diabetes  For this purpose subtotal pan
createctomy 1s a more valuable method  Using this tech
mque Dr Allen could demonstrate the favorable effect of
lower food intahe 1n diabetes and this finding was used 1n
the treatment of diabetics before the discovery of msulin
Subtotal pancreatectomy ¢an be done in many species  In
rats the evolution of diabetes after subtotal pancreatec
tomy (removal of 95% of the pancreatic mass) has been
stud ed by my pup! Dr logha (1944) He has found
that there are three stages in the evolution of thus type of
experimental diabetes  Tirst there 1s one period of predia
betes in which the blood sugar 1s normal there 1s no glyco
suria and growth 1s normal  The ammals appear to be
normal but most of them will develop diabetes after 2 time
The second stage 13 maipient diabetes  The basal blood
sugar ts normal but after food intake the anunal has some
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hyperglycemia and some glycosunn(pastprandxal hypergly-
cema and glycosuria)  In the third period (confirmed dia
betes) the anumal has hyperglycemua after seven hours of
fasting glycosuria and the typical diabetic curve 1t doesn’t
grow and 1t loses weight  After some months 1t develops
cataracts (Fogha and Cramer 1944) and sclerosis or hya
linosis of the glomeruli (Fogla Manam and Cardeza
1948 50) 1s well as many other disturbances which I will
not detail at this time

The ammal which 15 not diabetic 1 the beginning hut
which will become so can be used for studies of the preven
tion of diabetes or of agents that can accelerate its develop
ment Large doses of unsaturated fatty acids increase the
mcidence of diabetes  Thyrordectomy in the rat can preyent
the development of diabetes 1n a large number of ammals
Cystemne can dimmmush the mncidence of diabetes

Foglia (1945) found a very striking sexual difference
1n the maidence of diabetes in subtotally pancreatectormized
rats In 140 males the inadence of diabetes was 90%
six months and n 120 female rats only 27%  Diabetes
then appears three times more frequently in the male rat

Experiments done by Foglia Schuster Rodriguez and
Lewss (1947 1953) have shown that the testicle or the
male hormone ncreases the merdence and seventy of dia
betes i the rat and that estrogens and the ovary decrease 1t

In subtotal pancreatectomized rats (95%) removal of
the testes dimtmshes the merdence of diabetes and removal
of the ovary mcreases it The incidence curves of male and
female castrates are closer to each other than those of males
and females with mtact gonads  There 1s still a considerable
difference if the rats are castrated when their body weight
1 between 70 and 80 grams and have therefore been under
the influence of sexual hormones before pancreatectomy 1s
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performed  On the other hand, if the rats are castrated on
the day of birth and large pancreatectomy (95%) 1s per-
formed two months later, the proportion of diabetes 15 sim-
ilar in the castrated males and females (Foglia and Renhos,
1953)  After castration, the difference 13 not due to the
difference 1n food intake because the incidence of diabetes
1s greater n the males even when the food intake 15 the
same as that of the females (patred feeding {Foglia, Schus-
ter and Rodriguez, 1947) or forced feeding {Rodriguez
1950))

After castration there 13 an increase of dubetes 1n the
female because the protective action of the ovary 1s removed
‘There 15 2 decrease 1n the naidence of diabetes 1n the male
due to the removal of the testicle which mcreases diabetes
1 the male rat

When they are treated by estradiol benzoate there are
fewer cases of diabetes tn male and female castrates and n
intact males and females, and a diminution of the madence
of diabetes after six months of treatment Numerous exper:
ments made by Lews, Fogha and Rodnguez (1949-1950)
and Rodriguez (1950-53) have shown that the daily treat.
ment with estrogens for a period of six months dimmishes
strikingly the inaid of diabetes 1n subtotally pancreatec-
tormized rats  This protection 1s maintained for stx months
after the cessation of treatment  The activity 1s parallel to
the estrogeruc activity  The estrogens used were estradiol,
estrone, stilbestrol, dienestrol, phenocycling, ethynilestra-
diol and ethyniltestosterone

Androgens  (testosterone and  methyltestosterone)
markedly increased the incidence and severity of diabetes
mn male and female castrates  The incidence of diabetes
was not modified by treatment with progesterone, desoxy-
costicosterone and 17-B-ethyl-dchydro-testosterone
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¥ To sum up, substances with estrogeme action decreased
the mcdence of duabetes m whute rats followng subtotal
pancreatectomy  Androgens, on the contrary, mcreased 1t
and other steroids had no effect

There are two stages 1 the action of estrogens  1f the
dosage 13 suficent s the first phase, the incidence and
mtensity of diabetes 15 ancreased  In the second phase the
mardence of dabetes decrenses and finally 3 Jarge proportion
of the animals are permanently protected  The first phase
{aggravation or appearance of diabetes) was observed by
Ingle The second phase was demonstrated by Lenss Fogla
and Rodriguez

The stererds of the adrenal cortex also produce two
efiects  In the frst phase (see chart) wnith $0 s of com
pound A or 150 ng of compound E daddy for 2 persod of sx
months the modence of diabetes was increased at first but
Jater on decreased  Only the protective action was appar-
ent when 30 pg of Compound E and F was used

Action of Cortscosteroids on Incidence of Diabetes o Spayed
Female Rats with Subtotal Pancreatectomy

Percen oxe of D abesas s¢

Dose e of mos Ro of

Substance uperdsy 1 2 3 4 5 8 Rars

201 e - o 11 22 3% $§ 77 i

g:;:pnundd 50 8 47 37 25 "% 37 1%

Campound F 58 0 7 14 23 I8 14 "
Compeued E e — b2 g 6 & 37 1 11
Compound E 150 23 58 47 47 35 38

1 mmust motion that wth compound E we obtamed (with
Dy Hartmann) temporary or permanent diabetes m dogs
by grvng large doses and dimimshing the pancreas greatly
{to0 15-20% of the mtial mass) For permanent disbetes,
1t 15 necessary to reduce the pancreas very much
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The mechamsm of action of the estrogens and corttco-
sterouds 1s not well known They act on the hypophysts,
the adrenal, the intermediate metabolism and also the
sslands of Langerhans I mention the changes in the 1slands
of Langerhans, because they are very important

After subtotal pancreatectomy there 15 a slow increase
of the remaung istands, 1f the amimal does not become dta-
betic 'When given estrogen, this slow process of hyper-
trophy of the islands 1s increased and accelerated greatly
and 1s the principal cause of the lasting protection  If the
treatment 1s stopped after six months, the ammal has no
more diabetes and this 1s apparently due to the hyperplasia
of the islets

The hypertrophy and hyperplasia of the slets of Lan
gerhans, espeaially of B cells, has been studied by Lewss,
Fogha and Rodnguez (1949-1950) and by Cardeza
(1950) Estrogens appear to produce a direct action 07
the insular tissue (Cardeza and Rodriguez, 1950-1951).
Rato Between Pancreatic Islets and Acam: of Non Dabetic

Castrated Female Rats with Subtotal Pancreatectomy, Injected
with Steroids during Six Months

Number of We ght of uslets x 100
Subscance Ao mals T weghtolacm
Controls 4 166
Ethyml-estradiol 2 694
Diethylstilbestro] — 4 693
Estrone 2 677
Dienestrol - 2 618
Estradol . — 3 542
Ethynil testosterone 1 298
Progesterone 1 184

We have studied two groups of protective substances
estrogens and propylthiouraal  You can gne propylthi-
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ouracil to rats m larger proportions than to man  Durmg
the treatment there 1s protection agamst diabetes but when
the treatment 1s stopped, the diabetes develops very rapidly
because there 1s no hypertrophy of the islets of Langer-
hans  With estradiol, there 15 protection agamnst diabetes
which persists after stopping treatment because there 1s
hypertrophy of the 1slands When the two substances are
given together, there 1s additional prevention of diabetes
during treatment but, when treatment 1s iterrupted, the
protective action of propylthiouracil disappears and the pro
tective action of estradiol 15 mamtained Regression of
alloxan diabetes was obtamned n alloxan diabetic rats
Many agents that have a harmful action on the slets of
Langerhans have a stimulating action on them when given
in small quantities and produce hypertrophy and hyper
plasia of B cells. That is the case with estrogens, cortico
steroids, thyroid, glucose, alloxan, etc

In research for the possible curative action of these
substances, 1t 1s convement to use them with insulin so as
to avord the harmful effect of diabetic hyperglycerma

We have donc experiments of this type in alloxan dia
betic rats  After 6 months, all the control rats were etther
diabetic or had died  The rats treated with mnsulin were 1n
excellent conditron but none was cured after six months

Regression of alloxan diabetes 10 force fed alloxan duabetic raty

by admunistratton of estradiol benzoate (15 gg per rate, daily)

given daily during a six month period, alone or associated with

jnsulin  Results after a_three month mtermption of treatment
(Rodriguez, 1953)

Home? o Nomiae %
Non treated 7/27 26 0/27 0
Insuln — 1729 3 gﬁg 4(7)
6
Estradiol (benz) e 3
Estradiol nsulia 9/42 21 29/42 69
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Forty seven (47) percent of the ammals sath mild dra-
betes were eured with estradiol 1n six monthe  The ammals
with severe diabetes were not cured

With estradiol plus insutin, 69% were cured, which s @
very large proportion

These expeninients were on rats e do not have suf-
fisent evidence 1o other speaies  Some experiments have
been done with cats I have no imtention of recommending
the treatment for man  In man, there 1s a greater madence
of diabetes in the female than 1n the male and estradiol has
1ts drawbacks {anemia, atrophy of testides gynecomastia,
carcmopenie effect7)

These experiments show that in one ammal st 18 possible
1o prevent and cure some types of diabetes  There s sull
mote research to be done in other species

BMany of the facty mentioned in this fecture bave bren published  One
tesume ean be sead 11 a0 arucle by B A Hownay in the Bratish Medical
Jouwtnal (1951) or 1n R R. Rodriguer thesta (Buenos Awren 19503



THE ACTION OF INSULIN

W C Srapix

Unuwversity of Pennsylvana
School of Medicine
Phuladelphia Pennsylvania

In the past ten to fifteen years several factors have made
possible a rapid advance 1n our concepts of the action of
msulin upon metabolism  These have together resulted in
a greater unanumuty of opinion as to the function of insulin
than has existed for some time The first factor 1s the
extraordinary development in enzyme chemistry The reac
tions tnvolved 1 glucose metabolism by mammalian tissue
are now known with considerable preciston A beginning
has been made 1n the similar segments of protein and fat
metabolism but there are large areas here which are com
pletely unexplored The second factor 1s the demonstration
of 2 cyclical oxidative system in tissues whose function st
1s to metabolize dervitives of glucose and also of proten
and fat 1n an oxidative cycle leading ultimately to a terminal
productton of CO and water During these processes there
1s an orderly stepwise derivation of energy and the oxidative
system regenerates 1tself continuously This Krebs Cycle
serves as an ntegrating mechamsm tymng together the
metabolisms of carbohydrate proten and fat The third
factor 1s the exposition of the extraordinary function of
phosphate 1n vital processes  Reactions of oxtdative phos
phorylation create high energy phosphate bonds which
are stored as adenosme triphosphate and creatine phos
phate By reacttons of transphosphorylation these energy
rich phosphate bonds engage 1n a vartety of important reac
tions 1n mtermediary tissue metabolism It would be extraor
dinary if these reactions failed to be considered as possible
loa of the metabolic defect m diabetes  The fourth
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factor 1s the development of 1sotopic chermstry which has
placed 1n the hands of the metabolist labelled forms of
many of the mtermediary metabolites of protemn, fat and
carbohydrates  The ability to trace these substances
through the complexities of intermediary reactions has
enabled the biochemist to answer questions which otherwise
would stmply be impossible to answer

The conjunction of these factors has brought about a
reasonable consensus as to msulin action  Thus current con-
cept may be divided into two parts 1  Certam aspects
of glucose metabolism are influenced directly by insulin 2
The metabolism of protein and fat 1s belteved not to be
directly dependent on msulin but dependent upon adequate
glucose metabolism so therefore indirectly dependent on
nsulin T will confine my discussion almost entirely to the
first of these aspects

Figure 1
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I have divided the possible direct actions of insulin into
three possibihities I label these permeation activation, and
phosphorylation  They can best be understood by reference
to Figure I This represents a schema of mtermediary
metabolisms which I am sure 1s familiar to you n many
forms One glucose in the upper left hand corner, before
1t can come 1nto range of action of the enzymes within the
cell must puss through various cytostructural iterfaces as
indicated 1n position one  The modern view of the cell 1s not
to regard it as sumlar to a colodian sac with 2 more or less
structureless membrane separating a jumble of enzymes 1n
homogeneous solution from the environment On the con
trary the cytoplasm as well as the nucleus has been shown
to have subcellular structures separated one from another
by interfaces Examples of these are mitochondria and
microsomes  These structures have specialized metabolic
functions It 15 possible that these cytostructural interfaces
as well as the cell membrane proper impose barriers upon
the ready entrance of glucose through them and the imped
ing force of these barriers might be increased or decreased
by hormonal action There 1s, therefore the possibility
that insulin might accelerate permeation of glucose into the
cell or subcell structures

Two The idea 1s an old one 1 the literature that glu
cose must be activated before 1t undergoes metabolism
Several forms of glucose have been proposed as active
forms We now believe that only one active form of glu
cose exists through which all or practically all of glucose
metabolism goes  This 1s 2 hexose 6 phosphate formed by
the reaction of glucose with adenosine tri phosphate med:
ated by the gluco hexokinase ‘This 15 then, a second pos-
sible site of nsulin ction

From the central pomnt of hexose 6 phcsphatc‘glu‘cosc
may go to glycogen formation or through the glycolyhc
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eycle to pyruvic acd It 15 believed now that both of these
steps are independent of msulin action

Three There are many specific reactions i the Krebs’
Cyde which are concerned with the generation of energy
rich phosphate bonds from the encrgy derived from these
oxidative reactsans It 1s quite possible that these reactsons
mght be affected by the lack of insulin Such an event would
bring about disturbances nat only of metabolism of carbo
hydrates but also of protemn and fat

1 have thus named three possible sites of msubin action
permeation actsyation and phosphorylatton  There 1s a
possible fourth namely oxedatne reactions Followsng the
formation of pyruvic acd by glycolysis the oxidative cycle
of hrebs comes inta play as indicated 1a the lower right hand
portion of Figure I This brings about the complete oxda
ton of pyruvic actd to CO, and water with regeneration of
the cycle  hrebs himself was first to point out an effect of
wsultn 1 the hrebs cycle i pigeon breast muscle  Inas
much as the evidence for this posstble mode of action 13
not too convinemg and since the concept of an oxidatve
deficiency arsing from nsulin lack 1s somewhat vaguely
formulated ¥ shall omit further discussion of i&

The concept that permeability of cell membranes or sub-
cellular structures 13 influenced by hormenes 15 not a2 new
one  But the first ¢ g evid that p on of
sugars nas affected by msulin was presented by Levine . The
data of some of hus experiments 15 shosn m Figure IT
Levine used eviscerated dogs wjected mtrayenously with
galactose  There were reasons for this 1 Tt 8 necessary
to thmmate the bver hudney and intestine to prevent the
conversion of galactose to glucose 2 ftisnecessary touse
2 supar hike galactose which 1s metabolically mert 1 muscle
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Figute 11

PERMEABILITY  THEQRY oF
INSULIN
(LEVINE o o) fetion

Blcm:n unl:‘cwss Ewvisceroted - Nephrectomized Dag
Golactese | Gm/ Kg
500
250
45% Body wt
No wmsuhn
Galactose 70 % Body Wt
iv t nsulin
1]
0 t 2 3 4
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Under these aircumstances the galactose space becomes 2
measure of the distribution of sugar i the muscle  In the
absence of msuhin the galactose space 1s 45 % of body werght
But when msulin was admmstered simultaneously there was
an wcrease of gal space {0 appr 80% which
represents body water Similar experiments of various types
done by Levime all lead to the same conclusion  In addition
to galactose other sugars were used Levine concluded as
follons ““There exssts a barrier on the surface of certam
cells which opposes the entrance of sugars and msulin facilio
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tates 2 transfer system capable of carrying sugars of a given
chemical structure into the mterior of the cell. The meta-
bolic effects of msulin would thus be secondary to a more
rapid rate of entry of the sugar into the cell

Table I

Free glucose 1n heart, skeletal muscle, and draphragm of rats.
(Park and Jobnson, 1953)

“Free Glucose in Heart, Skeletal Muscle, and Diaphragm of Rats
Following Injection of Isotopic Gluco ¢

{Pak C R and johmson L. H 1953)

‘Free gluco e

1n tissues
No msulin Extracellular distribution
With insulin Distribution inceeased 4 5 fold

Experiments supporting these conclusions were reported
by Park of Vanderbilt University Some of his data 1s
shownin Table I He used experiments of tno types One
equitibration of the 1solated diaphragm in soluttons of radio
active glucose with or without insulin  Two, he njected
rats with radioactive glucose with and without simultaneous
mnsulin njections By appropriate methods he measuted
glucose within the tissue uncombined with phosphate, 1 ¢
“frec glucose” Park’s data m Table I show 1—*“The
quantity of “free” glucose recovered from the non insulin
1zed tissue approached closely the expected value for an
exclusively extracellular distribution at all serum glucose
levels between 300 and 1000 mgm 6 2—In insulinized
animals, however, the quantity of free glucose found in the
heart or the diaphragm was four to five times greater than
i non msulimized tissues”  Results with skeletal muscles
were i the same direction but more reregular, presumably
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due to relatively poor arculation  Park's conclusions were
(1) without insuli, the permeation of glucose into the cell
15 50 slow that the hexokinase reaction immediately converts
1t into glucose 6 phosphate so that no * free" glucose accu
mulates, (2) with isulin the rate of entrance 15 greatly
enhanced and exceeds the rate of phosphorylation  Hence
wntra cellular “free’ glucose accumulates  Thus Park con-
cluded, as did Levine and his coworkers, that insuln acceler-
ates the transfer of glucose across the cell boundary by some
mechanism still to be determined

Table II

Transfer of glucose across blood aqueous barrier 1n rabbit eye
(Ross, 1952)
Transfer of Glucose Across Blood Aqueous Barrier in Rabbit Eye
(Ross E J, 1952)

1000 kyq

Normal 199 + 36
Alloxamzed (Blood glucose 400 500mg% ) 102 + 10
Decrease 97 + 38
+ =25

Important confirmatory evidence that insulin 1s con
cerned with glucose permeation was published by Ross of
the London Ophthalmological Institute He used the aliary
body of the rabbit as a system for testing the effect of
insultn upon permeation The cliary body 15 known to
oppose 2 barrer to a ready permeation of glucose into the
aqueous humor of the eye It 1s possible in the rabbit to
vary the blood sugar level at will and draw samples of
¢ from tume to ttme from the anterior cham

Using such data Ross obtamed
d s results i terms of a veloaty

aqueous humo!
ber for glucose analysis
Linetic data and expresse
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constant kin ‘The data shown in Table 11 represent a very
small part of his experiments  This shows ka1 € the rate
of transfer of glicose across the blood aqueous barrer of
the ciary body into the snterior chamber of the eye In
the normat what Ross calls the diffusion constant inward
was of the order gwven here 200 2= 36 3nd 1n the alloxamzed
with an elevated blood sugar of 400 to 500 mgms percent
the value 18 sgmificantly lower  All of the rather extensne
data published by Ross using this system lead to the same
conclusion namely that the transfer of glurose across a cell
barrier 1 the eye 1s nfluenced by msulin

These and other expeniments indicate that celfular inter
faces impose a barrier upon the ready entrance of glucose
and other sugars across them  This barrrer may be hfted
by the action of snsulin but the manner by which this 18
achieved 18 at present unknown  There 15 hestancy w
attributing this to alterations in permeability due to some
physical mechamsm At present 1t 13 better to call st per
meation  or perhaps simply  ghicose transfer * thus avoud
ng all 23 to possible mech

Lntrance of glucose nto the cell 1s followed by activa
non  This reaction 13 the formation of hexose & phosphates
by reaction with ATD catalyzed by the enzymes gluco hexo-
fanast A distinetion must be made bets een the action of
hormones on enzymes i homogenous system such as in
tissue extracts and i heterogenous systems such as i calls

or subcellul Cori angnally reported that the
hexol

reaction i a b extract from muscle
of normal and diabetic rats was wfluenced both by prtutary
and adrenal preparations and by msuln Reports from
many faboratorics failed te confirm these obsersavons and
we can 123 with comuction that there 13 no proof avalable
that wnsulin or pituitary or adrenal singly or together have
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any influence upon the hexokinase reaction in such cytostruc.
tureless extracts Now the situation in the mtact cell 1s
different, and there 1s evidence indicating that msulin does
influence the glucose hexokinase reaction when cell structure
1s preserved  To my mund this distinction between homog
enous and heterogenous enzyme systems 1s of fundamental
theoretical importance but time forbids discussion I have
time to show some few experiments interpreted to mean
«that insulin effects the hexokinase reaction i ntact cells
First, Cor has recently cited some data on this point shown
in Table III

‘Table III

Efect of msulin on sugar unlization mn muscle (Cori, 1949)
Utilization of Hexoses by eviscerated rats {Cort JBC 1929)

Sugar Recovered After In cct on (%)

Pl 5Min 60 Men, o
Glucose —— 97 90 2
Fructose — — o — 98 61 62
Mannose S— 91 60 54

Groups of cviscerated rats were njected respectively
with glucose mannose, or fructose  Stmular groups were
simultaneously mjected with thesc sugars plus insulin - The
total carcass sugar was measured after five and sixty minutes

What the data i Table TII show 1s that in the case of
nose and fructose sulin did not bring about an
. f disappearance In the case of glucose,
dmumstration of msulin sigmificantly
Cor1 concluded that
f these sugars are

increased rate o
a
however, simultancous
increased the rate of disappearance
the kinases concerned 1 the activation o
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different  That for fructose and mannose 18 independent
of insulin whereas that for glucose 1s accelerated by nsulin

Other experiments of this type could be ated They
depend upon the assumption that glucose must go through
hexose 6-phosphate catalyzed by gluco hexok whereas
other sugars do not require this enzyme for actvation and
other metabolites need not go throvgh this pathway for
oxidation or other metabolic reactions This offers the
possibility of “isolating” the action of nsulin upon the
hexokinase reaction n ntact tissue 1 show some expert
mental data of this type from Hastings Laboratory

Figure III
Syml:lesu of glycogen by rat diaphragm from ssotopic glucose
an

yruvate (Teng, Sinex, Deane, and Hastings 1952),
r A
o (—
= Lao
o
=3
2
% Leso N
i r ot A
8 |10 o4
o = D~A
5 N
a I~ N
= . 80
w
= | 0-A
SUBSTRATE:  GLUCOSE GLUCOSE PYRUVATE
+

PYRUVATE
The experimental data show the synthests of glycogen
by Iiser slices equilibrated i vitro with 1sotopic glucose,
glucose plus pyruvate, or pyruvate Three types of expert-
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mental rats were used the normal the adrenalectomized
and the diabetic adrenalectomized  The authors state that
m the diabetic adrenal ed rat the wdubitory action
of the prtmitary upon the hexol reaction 15 unopposed
Accordingly, there should be a marked decrease 1n glycogen
synthesis from glucose and this was observed s shown
the first set of columns to the left i Figure III  On the
other hand, 1 the formation of glycogen from pyruvate by
reversal of the glycalytic cycle the gluco hexakinase reaction
1s not involved so that no decrease of glycogen synthess
from pyruvate should be observed And as the data shows
at the night of Figure IIT this was observed i fact When
both glucose and pyruvate were 1 the medmm agam there
18 no significant decrease of glycogen synthesis in the dia

betic adrenalectonmzed preparation  The authors conclude
that these experimental find ngs are m conformity with the
hyp that gluco hexo} n the tissue 1s whibited
1 the diabetic state presumably by the unopposed action of

pieaitary

Turmng back for the moment to the schema I orgimally
shoned (Figure 1) the omdative reactions assocted with
the Krebs' Cyle are the ones which are beleved concerned
with the generation of lugh energy phosphate Energy
rich phosphate as ATP 15 concerned with the activation of
many synthenic reactions meluding synthesss
s and protewm and perhaps with the glucose
transfer mechamsms  There s much evidence m the htera
wre ndicating the mvolvement of nsulm i energy sich
phosphate formation presurnably through mteractions with
pxidative reactions concerned  The papers of Kaplan and
Greenberg and spectfically of Sachs are to be noted  Strong
ndication that nsulin \ncreased the efficiency of oxdative
phosphorylation was reported by Haugasrd Marsh and
Stadte Thewr data are shown Table IV

glucose with
of fatty acd
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Table IV

Effect of Insulin on Omdatve Phosphorylauon by Rac
Diaphragm.  (Haugzard, Marsh, and Stadie, 1951)

Phosphorylation by rat diaphragen equil brated with Glucose N = 8
(Haugaard Marsh and Stadie 1951)

Tasolin Edert
uM/gram/br
AEster P 46 =119
A Aad—labile P (ATP) .~ — —30=x116
A Glycogen (glucoseequiv ) — 106 = 090
Svm —e 122 =19

Duaphragms from normal rats were equilibrated m glu-
cose with and without insulin At the end of a two hour
period the ester phosphate, the aad labile phosphate, and
glycogen synthesis were determmed  These are expressed
in Table IV as increases due to insulin over control values,
se ansulineffects  As1s scen from the first two lines there
was no sigmficant change m total acid soluble phosphates
attributable to insulin  This means that there was no dimie
nution of the tissue stores of high energy phosphates How-
ever, there was a large insulin effect upon glycogen synthesis
But one molecule of AT 1s required for the formation of
one glucose equivalent of glycogen Since this extra
energy rich phosphate did not come from tissue stores 1t
must come from an extra new formation under the influence
of insulin  This extra oxidative phosphorylation was not
accompamed by ncrease of oxygen uptake or RQ  The
concluston appears warranted that insultn action 13 accom
pamed by a striking increase i the eficiency of oxidatine
phospherylation



% PAB ACETYLATED

Figure IV

Acetylation 1n alloxan diabetes {Charalampous and
Hegsted, 1949)
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Other reactions requiring energy rich phosphate have
been studied with respect to wmsulin action  For example
the data shown on Figure IV are from experiments by
Charalampous and Hegsted n which they measured the rate
of acetylation of paraminobenzoic aced  This reaction
depends upon the avatlability of energy-rich phosphate.
The data of Charalampous indicate 1n a striking way that

acetylation 1n the rat 1s markedly decreased in the alloxan-

1zed preparation
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Direct effects of msulin 1n ncreasing the phosphoryla-
tion of thiamine, of creatine, and also the oxidative phos-
phorylation of glucose by mitochondria have been reported

Many other fields of zctinity tn the insulin problem
could be discussed but tme forbids  Interesting experiments
of Botnstein and Park describe insulin inhibitory prinaiples
demonstrable 1n serum of ammals and of humans under
various conditions  These prinaples have been stated to
be associated with beta hipoprotens and may have some
relation to pitmtary factors  Work n the field of insulin
resistance has indicated the possibility that an allergic state
of affairs 18 responuble for the 1 of
or exogenous snsulin by some mechamism not quite clearly
established  The preparation of 1sotopic insulm permitting
the determmation of very minute quantities in the tissues
permits studies on the distribution and fate of nsulin when
injected Lxperiments of this type have been reported from
our laboratory and also by Lec and Williams

A beginning has been made 1n the study of the action of
insulin on what might be called the molecular level Hau
gaard and T have published work indicating that insulin 1s
bound to tissue sn some form 1n which 1t 13 hiologically
active and susceptible to the mbibting action of pitwitary
and adrenal prinaiples  Confirmation of this general con-
cept has been published by Wilhams whose experiments
appear to show that imnsolin 1s bound in the mitochondna 1n
addition to other structures  The importance of thiy phe
nomenon requires much more experimentation before it can
be properly evaluated

In conclusion one might say that the evidence avalable
now makes 1t impossible to adsocate one action of maulin
to the complete exclusion of any other  Yet 1t 1s with relyc-
tance that one abandons the hope that insulin-enzyme inter.
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action can be explamed upon the basis of one single mecha-
nism  For example Geisman suggests the possibility of
explaining enzyme action upon the basis of one common
property possessed by protemn It 1s possible to imagme that
hormones mught fit a similar scheme as the basis for an
explanation of hormonal enzymatic interrelationships  But
such developments 1f they eventuate at all are matters for
the future

Discussion

Dr SamueL GURIN (Philadelphia, Pennsylvama) I
think that Dr Stadie’s discussion of the possible involye-
ment of msuln in oxidative phosphorylation 1s extremely
interesting and pertinent There are so many effects that
have been obtained in experiments with slices, for example,
where one 1s dealing with relatively intact cell structure  So
many cffects have been obtained on so many difierent proc
esses requiring energy that ths theory, I think, fits well with
the whole general picture It 1s at least one effect that could
result in a stimulation of a number of synthetic processes,
and 1t makes a great deal of sense

I would also agree with lum that the problem of attempt
ing to get a hormonal eficct m a cell free system 15 an
entirely difierent matter We have certanly never suc-
ceeded 1n getting any sort of effect of mnsulin or any other
hormone 1n z cell free system

Dr Herman O MosentHAL (New York, New
York) I should like to ask Dr Stadie whether the present
theories would permit of an assumption that an nverted
arteriovenous blood sugar difference 1s existing at times
Usually the artersal blood sugar 1s higher, and there have
been reports where the venous blood sugar has been higher,

and would your theories permut of such 2 concluston?
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Dr Stapic (Philadelphia, Pennsylvamia) I have seen
reference to that mn the literature, but I have no explana-
tion available

Dr C N H Lowg (New Haven, Connecticut) Per-
haps I could make a comment  We know there 18 extreme
sensitivity to insulin 1n the hypophysectomized amimals  As
far as I know, there has not yet been any explanation as to
why that sensitivity should be, tf the action of msulm 15 the
relef of an mhib pased on the hexok system
by 2 pitwtary hormone

Dr Jean Mayer (Boston, Massachusetts) It seems
to me that the results Dr Stadie has arrved at make a
great deal of sense, when constdered from the standpomt
of general biol 1 evolution  Fund:
processes were there before regulations were introduced in
the evolutive series It 13, therefore, I think, very impor-
tant to think of enzymes as something which will permut,
say, increased passage of metabolites into cells prior to the
action within the cells of a metabolic process, rather than
something which appears very far in the metabolic chan




THE HYPERGLYCEMIC GLYCOGENOLYTIC
FACTOR OF PANCREAS

GERALD A. WRENSHALL

University of Toronto
Banting and Best Department of Medical Research
Toronto, Ontario, Canada

The story of the hyperglycemic factor of pancreas
approaches n mterest that of insulin, and 1s closely inter-
woven with 1t It will be the purpose of this paper to outhne
parts of this story, and to consider what direct and inferen-
ti1al conclusions can be drawn from the information available
concerning the hyperglycemic factor, keeping 1n mind the
special mterests of the members of ths group m the field of
diabetes and general metabolism

Development of the concept of an byperglycemic
factor (glucagon)

In the year following the 1solation of an hypoglycemic
factor from pancreas by Banting and Best, Collip (1923)
and Kimball and Murlin (1923) reported the existence of
2 transient hyperglycemuz following the admunistration of
crude extracts of pancreas contaimng msultn  The latter
authors corned the term “glucagon’ to describe the hyper-
glycemic factor or factors which they had detected This
term was adopted by Buerger and lus collaborators, whose
studies did a great deal to clarify the nature of the hyper-
glycemic factor of pancreas at a time when the interest of
others i this subject was low * Buerger and Kramer (1930)
reported that various commercial msulin preparations, but
cossion convened by Dr E Loamski in Montreal
el Physwlogical Congress (1953) the term

mber of contrbutars to the
It 13 used 1 this

* At an lnformxal dist
ng the 19th Interm
GonnE 2 wan unoffully accepted by & o
subject as 2 suitable pame for the hyperglycemic factor

gense throughout this paper
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not crystalline nsulms obtained from Abel and from Best,
contamed a factor which produced a transient hyperglycemia
which swas maximal between five and fifteen minutes follon-

. A P Y A T
" « ..

tnjection than when put into a peripheral vemn, ndrcating that
the hyperglycemic action was short ived in blood and was
probably on the hiver  This observation was confirmed by
Buerger and Kramer (1929), who found that the hyper-
glycemia was accompanted by a fall in liver glycogen which
therefore appeared to be a source of the mcreased blood
sugar  An hyperglycemic effect of pancreatic extracts was
sought for and found 1n adrenalectomized amimals {Buerger
and Kramer, 1936), tndicating that at least some of its
action was not mediated through epinephrine

Buerger and Brandt (19335) found that they could not
separate glucagon from insulin preparations by either
dialysis or adsorption nor by mactivating the msuhin with
cystene  On the other hand they found that 1t could be
concentrated refative 1o msubn by 1soclectric precipitation
with pyriine  Wath thes method they were able to obtan
4 sample of glucagon 20 micrograms of which per kg,
administered intravenously to normal rabbits caused 2 50%
increase in fasting blood sugar  Since they found that the
hyperglycemic factor could be concentrated relative to
wnsulin they concluded that the imtial hyperglycemia follow-
ing wtravenous mjection of many snsalin preparations was
caused by a factor other than msulin tself  They postulated
that glucagon was 2 speaific pancreatic hormone and sug
gested that its hypersecretion nmught be related to the exist-
ence of the ditbetic state

A new and powerful tool for the study of glucagon
appeared when Shipley and Humel (1945) found that,
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after slices of fresh liver well stocked with glycogen were
ncubated 1n serum containing unpurified insulin, there was
an mncrease n the glucose content of the medium over con
trol slices mncubated with no msulin  Sutherland and Cort
(1948) demonstrated that the phenomenon depended on the
presence of intact liver cells in the shees  They also found
that the glycogenolytic effect of certain imsulin preparations
was not lost when the insulin was inactivated by means of
alkali or cysteine, and that its hyperglycemtc action mn
normal rabbits remamed undiminished  From studies made
through the add of glucose-1 phosphate to the med
they concluded that the effect of their hyperglycemic factor
on the glycogen of liver shces took place through the phos
phorylase system  Following this study, the term ‘ hyper-
glycemuc glycogenolytic  factor of pancreas” (H GF)
appeared frequently in the literature to further characterize
glucagon which was found to be present in some but not all
msulin preparations

Recently Staub, Sinn and Behrens (1953 a, b) have
reported on the crystallization and chemical nature of an
hyperglycemic factor from pancreas which 1s effective m
submicrogram amounts Mild procedures were used to
avoid chemical alteratton of the material They demon
strated that this crystallized protem could not be a degrada-
ton product of wsulin, dve prinuipally to large differences
1n the amino acid composition of these two substances Tt 1s
to be hoped that the avalability of this highly purified
glucagon will make possible the quantitative assay of this

factor
The danger of obtainn;
Vel

g unphysiologrcal results through
~e hae heen circumvented an the
(1949, 1952, 1953}
physiologreal release

of nsulin and glucagon by the panireas were studied by
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means of cross-circulation arrangements 1n which the pan-
creato-duodenal or mesenteric vein of a donor dog was
anastomosed with a femoral vein of a reapient dog  Foa
obtamed evidence that blood from the pancreas of the
alloxan diabetic dog contained an hyperglycemic substance,
and that normal dog pancreas secretes mnsulin when the con-
centration of dextrose i the blood passing through 1t 1s
high, and glucagon when the blood sugar concentration falls
below normal  The equilibrium level of the blood sugar 1s
constdered by these authors to represent a balance between
the actions of these two factors It 1s well appreciated that
this type of cross airculation experiment s fraught with
difficulties

Foa's mterpretation may prove to be an oversimphfica
tion or have a limited application, even when 1t 13 modified
to include the effects on this system of extrapancreatic hor-
mones  For example, Buerger and Rlotzbuecher (1947)
have performed blood transfer experiments on man to
study the secretion of glucagon and msulin  They conclude
from their results that the rise toward a maximum mn blood
sugar assoctated with absorption from the gut of a test
meal of glucose 15 accompanted by an smereased secretion
of glucagon, and that this 1s finally countered by increased
secretion of msulin  In this connection, de Duve (1933)
has suggested that nsubn and glucagon are secreted
together, causing the hepatic reserves of glycogen to be
mobilized and stored in peripheral depats, and thus clear-
g the liver for the uptake of the glucose arriving there
from the small intestine

Bornstein  Rerd and Young (1951) admmstered
growth hormone to rats and to cats and njected portal
blood from these treated amimals into adrenalectomized
hypophysectormized alloxan diabetic rats  This procedure
elicited hyperglycemia n the test ammals but not when
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blood from a peripheral vein was mpected Tt 1s difficule
to avord the conclusion that the growth hormone admins
tration caused the Iiberation from the pancreas of an hyper-
glycemic factor which 1s destroyed rapidly n normal blood
but the actual change in blood sugar mn these experiments
18 not great, and the authors have been commendably
cautious i commenting on their findings

Support for their observations 1s found i further cross-
circulation studies just published by Foa and others {1953)
The tmjectton of purfied growth hormone m donor dogs
was found to be associated with the appearance of an
hyperglycemic factor 1n blood from the pancreas but not
from peripheral veins

Stte of origin of the byperglycemsr factor

The site of origan of glucagon in the pancreas has been
studied by a number of workers Both direct and indirect
methods have been employed to demonstrate that the silver
staiming cells of the pancreas, including the alpha cells of
the 1slets of Langerhans, contan an hyperglycemic glyco
genolytic factor (Bensley and Wocrner, 1939, Sutherland
and de Duve, 1948, Gaede, Ferner and hastrup 1950
Cavallero and Malandra, 1951, Mualhe, 1952 Vuylsteke,
Cornelis and de Duve, 1952, Eser and Tuezenkam, 1952)
This concluston has not been confirmed 1n experiments per-
formed by Goldner Volk and Lazarus (1953) knowing
of Dr Goldner's parunlar spterest m this pomt, T hope
that he will see fit to expand on it i hus discussion

Glucagon and special problems in carbobydrate
metabolism . . ; bear o hyper.
hat relationship, 1if any, does glucagon o hyper-
msugusm and dl;\bctc’s mellitus? Based on studies of the
beta cells and of argentaffin (alpha )

f
T v amed by the Gros Schultze techmque

cells of pancreas st
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Terner (1951, 1952) has made the generahzation that a
decrease in the proportion of alpha to beta cclls occurs
hypennsulinism, and that in alf known types of diabetes
meflituy 2 significant rnise above the mormal alpha  beta cell
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Figure 1

rato of panereas can be demonstrated  Terbrueggen
(1948) found that the alpha beta celt ratwo shifts from a
range of 141 5 in normal man t0 1 11 2 1n spontane
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ously diabetic man with no values found above 1 3 1 the
diabetics  He found that a_decrease in_number of beza
cells was responsible for most of the shiff to higher alpha
to beta cell ratios 1n the diabetic human subject  This
reduction 1n beta cell abundance undoubtedly contributes to
the reduced concentration of insulin which we have observed
to occur n diabetic human pancreas (Figure 1)

The ncrease n the proportion of alpha to beta cells
which Ferner clamms 15 the only known one which 1s patho
gnomonic for diabetes mellitus gains m mterest through
the report by Saka (1952) that an hyperglycemic factor
1s found 1 the urme of poorly controlled diabetic human
subjects and alloxan diabetic animals but not n the urme
of well controlled diabetic subjects or non diabetic persons
Properties of this factor were found by Saka to correspond
with those of glucagon obtamned from normal pancreas

It 15 reasonable to infer that the presence of such a
factor 1n the urmne indicates its presence 1n excess in the
arculating blood The effect of such an increased con
centration of glucagon in the arculating blood has been
studied n continuous intravenous nfusion experiments
Even when accompamed by msulin in amounts which alone
would produce hypoglycemia continuous intravenous infu
sion of glucagon 1s found to be capable of preventing
hypoglycemia and even of mamntaining an hyperglycemta
for at least six hours (de Duve Hers Bouckaert 1946
Weisberg Caren Huddlestun and Levine 1949 Tyber
ghen 1952 1953 Myers et al 1953)  An increase in
urinary mitrogen output is found to accompany the_hyper

v glyee €d by continuous glucagon nfuston (Tyber

caus
g}'xyecx:mlla%.’}) which probably reflects an increase in protein

breakdown
These observations arc of obvious mnterest with regard

to the etiology of the drabetes mellitus of those human sub
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jects whose plasma insulin levels differ Little from normal
(Bornstem and Trewhella, 1950, Bornstein and Lawrence,
1951, Groen, Kamminga, Willebrands and Blickman,
1952)  Of interest relative to this type of diabetes 1s the
experiment of Mayer, Silides and Bates (1953), using their
hereditary obese hyperglycemic mice  The nsulin resiste
ance and hyperglycemia of these 3nmals were found to
disappear for several weeks following the mjection of
diethylthiocarbamate which Kadota and Midorkawa
{1951) have reported as an effectine agent for necrosing
the alpha cells of pancreas In addition, the injection of
growth hormone after dicthylthiocarbamate failed to eliart
1ts usual effect of elevating the blood sugar  The authors
have interpreted these findings in terms of the hypothesis
that their obese mice are characterized by hypersecretion
of an hyperglycerme alpha<ell hormone, the secretion of
which 1s stimulated by growth hormone

Recently Vuylsteke and de Duve (1953) and, wnde-
pendently, Young (1953) have suggested that the glucagon
tn crude insulin preparations such as we have used in our
studies on the insulin of diabetic and non-diabetic human
pancrcas (Wrenshall, Bogoch and Rutchie, 1952, Wren
shall and Ritchic 1952) may antagomze the convulsine
action of the insulin even following subcutaneous injection
wto mice  We have inyestigated the applicability of this
crtiasm 1n two ways  In one experiment, massive doses
(12 nucrograms per mouse) of purified glucagon prepared
i Staub’s Jaboratory were added to crude msulin extracts
of the type employed 1n our assays, and the msulin potency
of these were compared with that of untreated aliquots of
the same insulin solutions  In agreement with the find
ngs of Staub, Sinn 2nd Behrens (1953 b) who used mix
tures of glucagon and punified insulin, we could detect no
difierence m the insulin concentrations of our treated and
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untreated soluttons of crude nsulin as determmed by mouse
convulston assay (Table Ia)

Table Ia

Effect of punified GLUCAGON LILLy (12 5 micrograms per mouse)
on the isulin assay potency determined by the convulsive
response of mice to crude beef 1nsulin, following 1ts subcutaneous
1njection

(Assay values are shown 10 brackets as units of isulin per ml)
Solution No — 1 2 3
Crude Insulin and Glucagon (172) (134) (086)

Crude Insulin Alone —_— (172) (110) (092)

Table Ib

Effect of alpha cell necros:s caused by cobalt chloride on the
1nsulin extracted from male guinea pig pancreas, using an acid
alcohol rethod and assayed by 2 mouse-convulsion procedure

Evtractable Iowul o of Pancreas

Treatmeat Aoty Ufem of P Urwhote? U gt
Cobalt myected 1 065 18 19
Saline injected controls . 3 075 18 22

In a second preliminary experument, gmnea pigs were
mjected with either cobalt chloride or saline as described
by Van Campenhout and Cornelts (1951) The cobalt
treated ammals showed pronounced hydropic degeneration
of the alpha cells, but the nsulin of pancreas values did not
differ apprecably from those for the salwe injected con
trols (Table Ib), although according to therr own experi
ment (Vuylsteke, Cornelts and de Duve, 1952) a pro
nounced difference existed i the glucagon content of these
two solutions The finding of Hartroft and Wrenshall
(1953) of a hghly sigmficant 11 correlation between
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denuty of beta cell granulation and concentration of insuhin,
determmed by mouse convulsion assay, i both non-diabetic
and duabetic human pancreas would not have been found if
variable amounts of glucagon 1 our insulin solutions had
influenced the assay values apprecably

What can be concluded at present from the ohseryations
on glucagon? There 13 no doubt that an hyperglycemic
factor exists in pancreas, and 1n some species iy parts of the
gastrie mucosa  There is good evidence that, 1o punified
form, 1t Is at least as potent in producng us effect as the
hormane wsultn From whch it 15 a distinct ennity, although
having chemical and physical properties very siemlar to those
of insulin It 1s currently believed that most, of not all, of us
eficcts on the blood sugar are brought about through lyss
of hiver glycogen n o manner difiering from that of epine.
pheine, although the experiements of Tyberghem challenge
this limsted wterpretation The action at & distance of 2
glucagon hike factor i the blood flowing to the Iner from
pancreas has been obseryved under certam conditions  The
stabidity of ssidon @ blood has been shown greatly to exceed
that of most preparations of glucagon  The hyperglycemic
potenry of glueagon ss greatly eshanced, even f accom.
panied by excessne amounts of wsulin, shen wfused con
s1muansly into the postal circulation which 18 presumably ats
normal pathnay 1o the fiver

Dusagreement stlf exists as to exactly where i pancreas
glucagon 1s produced atthough the alpha cefls of pancreas

are wihieated in 3 majonity of cxperiments as 3 probable
source

When reliable information s scaree, hupotheses mse
and fall frequently  Currently there i considerable interest
bewmng shown s Ferner's hypothess, or independently drafted
forms of 11 concerning the relation of alpha and beta celt
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secretion to carbohydrate metabolism, but much more infor
mation 1s needed before 1t can be established or discarded
For example, Weisberg and Schaefer (1952) have observed
only 3 (04%) of 690 cases of primary carcnoid (argen
taffin) tumors, mamly located within the lower intestinal
tract, to be diabetic, bringing into question the possible rela
tion of argentaffin cells of all types to diabetes Some
observers may concur with Pincus and Rutman (1953) who
feel that glucagon 1s probably of importance as 2 modifying
but not as a causative agent of diabetes

In a recently published book Dr J D Conant has
described 2 scientific theory as * an economical and
frurtful gwde to action by screntific nvestigators’ It 18
with this pomt of view that I have devoted space to hypo
theses that glucagon may play an important role i carbo
hydrate metabolism It 1s to be hoped that further research
on glucagon will mould these hypotheses ever nearer to the
truth and will fill in the currently existing and large gaps
n our knowledge of its action at known sites of msuliz
action other than the liver

The writer wishes to acknowledge the kindness of Dr
M G Goldner and of Dr 1 J Pincus for providing access
to papers which are i press and of Dr C H Best with
whom the subject matter was discussed
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Discussion

Dr MarTin G GoLpNER (Brooklyn New York) Dr
Wrenshall deserves our thanks for hus comprehensive report
of the glucagon story He has clearly stated the factual
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progress and emphasized where the gaps in knowledge are
covered by speculative thinking and aircumstantial evidence

The search for glucagon has come to an end with the
separation from insulin of a crystalline, chemucally well
defined substance with hyperglycemic glycogenolytic prop-
erties  Staub Behrens and Sinn demonstrated that this sub-
stance difiers from insulin by the absence of zinc and cystine
and the presence of methionine  This has gisen final proof
to the original postulate of Murhn and of Buerger and their
asocates, that the transitory hyperglycemtc action of most
commercial insulin preparations 1s due to a specific substance
produced in the pancreas rather than to 2n unspeafic con
taminant of the syl itself  May 1 mention 1n passing
that credit should be given also ta Ferdinand Blum who
reported in 1927 the separation of a hyperglycemue sub-
stance from insulin

The phystological sigmificance of glucagon howeser s
still questionable and the site of its origin 2 matter of con
jecture  Dr Wrenshall has eautiously refrained from
speaking of glucagon as a hormone  With the exception of
McQuarrnic's cases of famihal hypoglycemia, there 1s no
chnteal or laboratory evidence of pathological hyper- or
hypoactivity of the substance, as 1s commonly found in the
case of homones, argentophil tumors, as you have heard, do
not seem 1o have any endocrine action, and there 13 not yet
any indication for sub therapy with glucagon  [rom
2l presently available evidence 1t appears that the substance
eliats hepatic glycogenolysis but does not antagomze the
peripherzl action of msulin Thas 1s borne out particulacly
by Dr Wrenshall's studies on nsulin assay  They argue
strongly against the theory of Ierner and others that the
cause of diabetes 1s an imbalance between msulin and glu
cagon or between alpha and beta cells in the pancreatic
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1slets—not to mention the fact that such 2 theory overlooks
all well established extrapancreatic etiological factors
Moreover, the decreased requirements of insulm after pan
createctomy as compared with chinical or alloxan diabetes
can be explamned, as Mirsky and Lukens have ponted out,
without invoking the action of a second pancreatic hormone
with hyperglycemic properties

Now a few comments on the evidence, so clearly char.
acterized by Dr Wrenshall as aircomstantial, implicating
the alpha cells as the site of origin of glucagon There are
four mamn points

1 Glucagon can still be extracted from the pancreas
after destruction of the exocrine portion of the gland by
duct ligation, and of the beta cells of the islets by alloxan
This leaves by exclusion the alpha cells but certainly 1s no
defimtive proof

2 The cross cireulation expermments of Foa —in addi
tion to Dr Wrenshall s reservations, 1t must be said that
these experiments would have greater sigmificance if dis
appearance of the hyperglycemic principle could be demon
strated following destruction of the alpha cells 1n the donor
ammall Such an experiment, however 1s still missing

3 The hypoglycermia induced by diethy! thiocarbamate
and by Synthalin A agents which have been found to cause
degeneration of the alpha cells —review of Kadota's origt
nal data will show that diethyl thiocarbamate causes destruc
tion of the alpha and the beta cells  The hypoglycemra which
accurred only in those few of his ammals which died within
30 hours, may as well be due to release of msulin as to
absence of the alpha cell factor

The Synthaln hypoglycerma, moreover, occurs after
pancreatectomy as well as in the intact ammal It therefore
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does not scem to be moderated by the pancreas and the
reported degeneration of the alpha cells by Synthalin might
argue agamst the alpha cells as the site of glucagon pro-
duction

4 The evidence obtained with cobalt —Dr Wrenshall
referred to Van Campenhout and Cornelis’ discovery
These authors interpreted a hyperglyeemic phase after
cobalt admumstration as “irritation imtiale” of the alpha
cell hormone  Vuyelsteke and deDuse reported a decrease
of glucagon content in the pancreas of cobalt treated guinea
pigs In the Research Laboratories of the Jewish Sani-
tariem and Hospital for Chromic Diseases, Doctors Volk,
1 azarus and I have carried out extensive studies with cobalt
We found the alpha cells of the rabbit and particularly
those of the dog most sensitive to the destructive action of
cobalt and obtained the followng results

a The cobalt hyperglycemia 1s independent of the
alpha cells since 1t can be eliarted in the absence of
the pancreas It occurs also after resection of the
upper gastro intestinal tract, in addition to pancreat
ectomy, t¢, in the absence of the intra and extra-
pancreatic argentophil cells

b Alpha cell destruction by cobalt 1s not accom-
panied by hypoglycemia

¢ Cobalt treatment and destruction of the alpha
cells does not improve the hyperglycemia of alloxan
diabetes

d The content of the dogs’ pancreas of hypergly-
cemic prinaple 1s not appreciably dimimished if the
alpha cells are destroyed by cobalt  Moreover, there
was bLittle difference 1n the potency of extracts from
glands 1n which most or only a fen alpha cells were
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destroyed It appears therefore dhat available evis
dence weighs stll heavily agamst the clam that
glucagon 1s the alpha cell hormone.

In conclusion I concur with Dr Wrenshall Here 15 a
field wide open for speculation but more so for careful
mvestigation}

Dr Jean Maver (Boston, Massachusctts) 1 agree
with Dr Goldner and Dr Wrenshall that there 15 Lttle
secure information on anatomic lacalization  Among other
factors, there are species differences 1n reactions to vitamin
agents We obtamed hyperglycerna with cobalt We
abolished completely the hyperglycemic effect of cobalt by
pretreatment with diethyldithiocarbamate  This pounts to
the existence of a hyperglycemic factor, but how 1t acts and
what cells 1t comes from 1s a wide open question

Dr Bruno W Vork (Brooklyn, New York) I should
Iike to add that it has been demonstrated by Ferner that n
newborn children there 1s 2 marked increase of the alpha
cells 1n the pancreatic islets and yet the blood sugar level
18 normal or frequently rather low One of the mferential
evidences of the alpha cells being a source of glucagon was
an experiment by Ferner, afterwards also substantiated by
others The pancreatic duct was ligated and the beta cells
were climnated by alloxan admmstration It was, there
fore, concluded that glucagon 1s produced by the alpha cells

In more recent preliminary experiments we have repeated
these experiments by Ferner by wjecting cobalt in alloxan-
1zed duct igated ammals  Despitc the absence of the alpha
cells we also were able to obtamn a hyperglycemic effect from
pancreatic extracts of these ammals I can underline, there-
fore, what Dr Goldner said I expect to have completed
more experiments on sumlar amimal preparations the
near future
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Dr KENNETH*BAcHMAN (St Albans, New York) I
think evidence has been introduced that HGF or glucagon
1s not a breakdown product of mnsuhn I should like to
hear 2 comment as to the possibility of 1ts being a pre
cursor of wmsulin rather than a breakdown, assuming of
course, 1t might not come from alpha cells

Dr W S Coriens (Brooklyn, New York) 1 tried
at the meeting 1n Montreal to find out whether the prepa-
ration of glucagon could be obtamed with the use of crystal
line 1nsulin as a starting pont, and was unable to get an
answer to that question I wonder whether Dr Wrenshall
can answer 1t

Dr Geralp A WrensnaLL (Toronto, Canadz) Dr
Goldner has brought to our attention a situation of basic
interest and importance in emphasizing the indirect nature
of most of the expermmental evidence used to support the
concept that alpha cells produce glucagon The expen
ments which he and his colleagues have done indicate the
need for closer exammation of this premise

However, there 1s some positive evidence which does
support the view that the alpha cells of pancreas are a
source of an hyperglycemtc factor Gaede Ferner and
hastrup (1950) found that the duct ligated pancreas of an
alloxan duabetic dog contamned only alpha cells and fibrous
tissue A glucagon extract of this tissue produced a strong
hyperglycemtc response when adminmistered by vem to
rabbits A similar result was obtamned by Cavallero and
Malandra (1951} using the pancreatic remnant from duct
ligated rabbits and an msulin mactivator  Mialhe (1952)
extracted the 1solated sslets of teleost fish which he found
to contam alpha and beta cells The extract produced an
mtial hyperglycemic effect followng its intravenous mjec
tion into rats, not observed in serum jected controls He

87



destroyed It appears therefore dhat avalable e
dence weighs still heawily aganst the clam that
glucagon s the alpha cell hormone

In concluston I concur with Dr Wrenshall Here 1s a
field wide open for speculation but more so for careful
v estigatron |

Dr Jean Maver (Boston, Massachusetts) I agree
with Dr. Goldner and Dr Wrenshall that there 15 httle
secure nformation on anatomic localization  Among other
factors, there are spectes differences 1n reactions to vitamin
agents We obtained hyperglycemia with cobalt We
abolished completely the hyperglycemic effect of cobalt by
pretreatment with diethyldithrocarbamate  This points to
the existence of a hyperglycemuc factor, but how 1t acts and
what cells 1t comes from 1s a wide open question

Dr Bruno W. Vork (Brooklyn, New York) Ishould
Iike to add that 1t has been demonstrated by Ferner that in
newborn children there 1s a marked increase of the alpha
cells in the pancreatic islets, and yet the blood sugar level
1s normal or frequently rather low. One of the inferential
evidences of the alpha cells beng a source of glucagon was
an experiment by Ferner, afterwards also substantiated by
others The pancreatic duct was ligated and the beta cells
were eliminated by alloxan admimistration It was, there-
fore, concluded that glucagon 1s produced by the alpha cells

In more recent prelimnary experiments we have repeated
these experiments by Ferner by injecting cobalt 1n alloxan-
1zed duct-ligated ammals  Despite the absence of the alpha
cells we also werc able to obtain 2 hyperglycemic effect from
pancreatic extracts of these animals I can underline, there
fore, what Dr Goldner said I expect to have completed
more expermments on similar animal preparations 1n the

near future
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Dr henwern Baceman (St Albans New Yerk) 1
thmk evidence has been mtroduced that HGF or glucagon
is pot a breakdown product of wsuhn I shoutld hike to
hear a comment as to the possibthty of its being a pre
cursor of insulin rather than a breskdown assummng of
course ¥t might not come from alpha cells

Dr W S Cotrens {Brooklyn New Yeork) I treed
at the meeting . Montreal to find ont whether the prepa
ration of glucagon conld be obtaned with the use of erystal
line msuhin as a starting pont and was unable to get 2n
answer to that question I wonder whether Dr Wrenshall
can answer 1t

Dr Grratp 3 WrensnanL (Toronto Camada) Dr
Goldner has brought o our attention a siteatton of basic
wterest and tmportance m emnphasizing the indirect pature
of most of the expermmental evidence used to support the
concept that alpha-cells produce glucagon The expent
ments which he and hs colleagues have done indicate the
need for closer examination of this premise

However there 15 some positine evidence which daes
support the view that the alpha-cells of pancreas are a
source of an hyperglycemic factor QGaede Ferner and
Kastrup (1950) found that the duct kigated pancreas of an
alloxan dubetic dog contaned only alpha-cells and fibrous
tissue 4 glucagon extract of this tssue produced 2 strong
byperglycemic response when adaunustered by vem to
cabbits A sinmilar result was obtamed by Cavallero and
Malandra (1951} vung the pancreatic remnant from duct
hgated rabluts and an wsvlin inactvator  Mizlhe (1952)
extracted the isolated islets of teleost fish which he found
1o contain alpha and beta cells  The extrace produced an
wutial hyperglyceme effect foliowing its intravenous mnjec
o 1o fats not observed n serum myected coatcols He
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reasoned that since the beta cells are known to secrete
msulin the hyperglycemic factor must have been produced
by the alpha cells

I would agree with Dr Goldner that the crass cireula
tion techmque of Foa and s colleagues applied to animals
with and without functional alpha cells should clarify the
currently uncertain situation concerning alpha cell function

Dr Volks reference to the high alpha to beta cell
ratto which 1s charactersstic of chuldren 1s of interest relative
to the problems of diabetes and of growth Were this
high ratio found m adults one would predict on the basis
of histological studies and Ferner s hypothesss that such
persons would all be diabetic  This 15 obviously untrue for
children  In addition to the above phenomenon one pre
limmary study reported by Elrick (1953) and another
being done by Smth and referred to by Young (1953)
suggest that glucagon may play a part w producing normal
growth

Another phenomenon which may reflect a function of
the abundant alpha cell tissue 11 the new born chdd s that
described by Zondek and Wolfsohn (1941)  Upon
tying off the umbikical cord they observed that the blood
sugar sometimes fell to very low levels and then became
elevated above the normal range shortly thereafter In
one case 1t rose spontaneously to 300 mg per cent 45
hours after being too low to measure  The authors suggest
that this over compensation results from a mobilization of
hepatic glycogen caused by a factor other than adrenalin

Dr Bachman asked if glucagon 1s a precursor of msulin
I do not believe that 1t 15 since Staub Sinn and Behrens
(1953) found that either purified nsuln or purified gluca
gon contams considerable amounts of ammno zads which
are absent from the other Hence a transformation of
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glueagon to msulin would requre very extensne ar
terned translocations of speafic ammo acids betwee
plex protemn molecules This appears to be
unprobable

Dr Collens’ question concermng whether glucag
be obtaned from crystatline insubin mught be answ
the same way However, n certain preparations de
as mnsulin crystals 1t 15 possible to observe an hyperg
effect followwmp wiravenons wpectien A large voh
eyidence now avadable indicates that this hyperg
factor 1s not myuhn since st has been separated fron
left active following msubin mactivation
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CONTROL OF THE COMPLICATIONS OF DIABETES*
{Hyperglycemsa and Glycosuria—Endogenous and
Exogenous Insulin)

HERMAN O MOSENTHAL
New York, New York

Many theories have been advanced to account for the
cripphng and vital snvolvement of the kidneys, heart, retinae
and other organs, that have come to plague diabetics stnce
their Iife span has been lengthened by means of imjected
msulin  None of these has proved to be fully satisfactory
nor generally successful as a basis for the preventive therapy
of the complications of dizbetes The present paper ven-
tures some suggestions 1n this already over crowded field

Pathology of Dsabetes and sts Complications

It 15 obvious that the pathology of diabetes and its treat-
ment have undergone revolutionary changes in the last fifty
years About 1900, 63 8 per cent of diabetic deaths were
due to coma whereas in 1950, 75 9 per cent were ascribed
to cardio renal vascular disease, mn addition the life span
of the diabetic had been prolonged so as to approach the
normal'! Reducing the mncidence of coma to the vamshing
pont and lengthening the Iife of diabetics were wonderful
achievements accomplished through the use of insulin  As
the years rolled by it became evident that we were dealing
with entirely new problems,—coronary disease, kidney
involvement, retinopathy, and arteriosclerosis were the con
ditions afflicting the diabetic who lived longer  Dolger?
called attention to the mnevitable occurrence of these com
plications in those surviving 25 years of diabetes  On the
other hand, Allen® has and 1s clauning total freedom from

« Blood sugar 13 abbrevisted as BS throughout th s presentat on
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all_complications of diabetes when a‘é:ormnl BS, that s
150 mg per cent or less, 15 constantly"maintained

Warren and LeCompte! map out a tentative plan for
the pathology of diabetes which 1s briefly summarized here
There rs much evidence that this 1s partly or entirely correct,
though a great deal of experimentation and observation
remams to be done before 1t can be proved completely
valild However, n the author’s opinion, 1t 1s the most
acceptable scheme yet offered for the pathology of diabetes
and provides a rational basis for the discusstons which
follow

The accumulation of glycogen i the kidneys, heart,
retinae, and the pancreas 1s regarded as the earliest demon-
strable pathological lesion 1n diabetes and the first step in
the development of complications  The deposit of glycogen
m the kidneys 15 recogruzed as the most reliable and con-
stant post mortem finding diagnostic of diabetes The
abnormal concentration of glycogen 1s not static, 1t may be
partly or entirely reversible or 1t may retrogress mnto degen-
erative changes The mnherent qualittes of the tissues have a
distinct bearing on the fate of glycogen deposited within
them since the constant presence of glycogen mn the liver and
muscles does not engender degenerative processes

Warren and LeCompte® point out that diabetes may be
severe yet the various organs be normal, however, even
under these aircumstances, insulin deficiency 1s demonstrated
by the abnormal glycogen distribution Their final conclu
sion 1s as follows “In summary, 1t appears that Frieden-
wald’s concept may be extended to encompass all the major
lesions charactenistic of diabetes, 1n the sense that all of
them involve either simple polysaccharides (glycogen), or
polysacchartde complexes (mucopolysaccharides)  The
hypothesis 1s admittedly tenuous
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Cause of Diabetsc Complicatsons

Whether malnutrition, hyperglycemia, hypercholesterol-
emua, glycosurta or dessication, mndividually or collectwvely,
were the reason for coma, cataract and mfections before
wmsulin was avatlable for mjection and since then for the
accumulation of large deposits of glycogen entatling perma
nent damage to the kidneys, eyes, heart and pancreas, the
primary cause for any and all of these conditions must be
sought for in the madequacy of secreted, or of admunstered
msulin While the conservation of nutritton and keeping
the urine free of sugar constituted the most that could be
offered the diabetic for the control of diabetes both before
and after the discovery of wsulin, the management of this
disease today presents entirely new problems In the past,
hyperglycemia, glycosuria, polyuria, dessication and malnu
trition were mostly unavoidable, even with very low diets,
and early death from coma or malnutrition and development
of cataract were the rule ' With the itroduction of insulin,
deaths due to these causes were elimnated, as was cataract
Hyperglycemia, glycosurta, polyuria and  dessication
appeared to be the responsible factors With the use of
insulin, 1n strving to prevent the occurrence of complica
tions of diabetes, shght amounts of sugar i the urine are
usually disregarded large amounts condoned by the free
dieters, and complete absence of sugar 1n the urine mnsisted
on by others It becomes clear that there are two phases of
the problem concerming the therapy of diabetes that may
be singled out for discussion, the first being applicable to the
era preceding the discovery of msulin that 1, when hyper-
glycemia, glycosuria and dessication were almost evitable,
the second concerning the period when the work of Banting
and Best produced nsulin, comprising about 30 years, dur-
\ng which the replacement of lack of the body’s own msulin
by njection of msulin derwved from ammals exogenous
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insulin, controlled the former problems but failed to yield
a complete cure

Hyperglycemia and Dessication

Mosenthals (1935), largely by climcal observations
and gathering the avalable evidence, demonstrated that
hypergliycermua, in the ahsence of glycosuna, did not depress
immunity to infections, tissue growth, or the power to repair
damaged tissues and appeared to be a permissible mfrac
tion of normality in diabetics  Insulin had been available
for a comparatively short time and the prommence which
nephritis, retimtis and coronary thrombosis wauld assume
after the prolonganion of the life of diabeties through wts
use, was not then appreciated Most physicians and
scientists agreed to this reasomng There were some
exceptions  Notably the stand assumed by Frederick Allen?,
who in many discussions and arucles, has called for perfect
control, that 15 a normal B 8§ level constantly mamtamed
at 150 mg per cent or less, and freedom from glycosuria
Tt 13 only recently that 1 have come to realize that Allen
and I were advocating approsimately the same standards
for control, since we established that the renal threshold
to glucose was at a level of 200 mg per cent of arterial
B S (Mosenthal and Barry®), which after meals at least,
13 about the same as 150 mg per cent 1n venous blood
Furthermore, an arterial B S above 200 mg can be very
readily detetted in the wrine, whereas short of analyzing
the blood every half hour, one could not be certain about
the height of the venous B §

Richardson’ showed that immunity depended upon the
glycogen content of the liver rather than upon the B §
fevel

The prinapal defect responsble for the prensubin
complications of metabeltsm 1n diabetes appeared to be
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dessication which depends upon the cyclical development of
an elevated B S, glycosuria and polyuria®

A complete, or almost complete lack of insulin results
1 depletion of liver glycogen and the accufhulation of glyco
genn the extra hepatic tissues  The formation of glycogen
15 known to be a usnal step 1n the utilization of glucose
In the absence of msulin the hiver does not transfarm glu
cose either to glycogen or to fat so that all of the food
absorbed as glucose and all of the glucose formed by the
liver from lactic acid and from protein fragments passes
mto the bloodstream as glucose  (This state of affagrs
often spoken of as over production of glucose by the Liver
would be more appropriately designated as lack of the
hver's ability to retan glucose) A B § level of about
350 mg per cent serves to stimulate the tissues to 2 normal
degree of sugar utilization even though insulin 1s lacking
(Soskin and Levine?) and as part of such vicarious utiliza
tion of glucose, the extra hepatic tissues which ordinanly
contan no glycogen come to harbor a constderable amount
of this matertal  Although such accumulations of glycogen

! often are reversible, apparently some of them undergo

degenerative changes that leave their irreducble trail
the course of years (Warren and LeCompte?, Dolger®)

Insulin, Endogenous and Exogenous
A difference exists between the effect of endogenous—
the body’s own msulin—and exogenous—injected wnsulin

Stadie® established the fact that msulin n the crcula
tron was not affected by the blood cells but formed a stable
yet potentially active combination with the first tissue with

which 1t came in contact

Endogenous insuln orgmates in the pancreas passes
throngh the portal vemn to the liver where it makes 1ts
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primary contact with tissue cells  Because of the size of
the Liver and the high concentration of insulin in the portal
ven probably the greater part of the msuiin 1s bound here
and only a comparatively small porhon passes mto the
veins for general distribution

Injected exogenous insulin  given subcutareously, 15
absorbed by the capillaries and flows through the vemns and
lungs to the artersal system. A study of radio active insulin
on intravenous injection has shown that in the tissues
studied the greatest concentration of msubin 1s found in the
kidneys next in the thyroid and least n the liver—a dis
tribution corresponding closely to the amount of blood
flowing through the artenies to these organs'®  Another
pomt that mught be noted about exogenous msulin 15 that
with 1ts great concentration 1n the kidneys 1t naturally
foilloss that a considerable quantity of the wsulin 15 lost 1n
theurine  In either case with the endogenous or exogenous
msulin a certain amount of this hormone may be found to
escape combmation with the tissues and be present in the
blood

The wnsulin hiberated during fasting or between meals
whether of endogenous or exogenous origin may he
regatded as basic msulin  In addition normal individuals
possess the faculty of secreting extra msuln by the
panereas when the B S 1n the pancreatic artery rises  Thus
extra 1nsulin passes via the portal vein to the liver where
it combines with liver tissue serving to assmmulate as fat or
glycogen any sugar subsequently brought to 1t from the
mtestine ‘This extra insubm serves to confine post prandial
B S nse m normals to a half hour after meals though m
durbetics even with a normal fasting B §  the post prandial
B 8 nise continues for four hours at least  In diabetics the
secretion of extra msulin 1s erther dimmshed or totally
tacking  The wability of the dubetic to furmsh extra
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msubin while bemng treated with exogenous nsulin, has been
pointed out as an rrremediable defect of mjected msulin
Thus 1s correct unless the diet 1s so low m carbohydrate that
a post prandial increase in B S 1s completely avoided
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Plood Suger ¥g %

‘When the liver contains large stores of msulin as 1t does
when end msulin pred there will be only
hmited post prandial elevation of the B S or none at all
but when exogenous insulin 1s resorted to the post prandial
nsemnB S will be marked and prolonged At first we sought
this matter only in the one hour up to four hours after meals
n normals and found no rise n B § and this has been
substantiated by various investigations of this subject How
ever 1n many of these same publications a rise of B S was
recarded at the half hour interval after the taking of meals
We checked this matter and found that in normals a rise 1n
B S occurred in the half hour post prand al interval but
only when sugar was taken When no sugar was eaten
erther as sugar or in fruit Juice the rise of B S failed to
materialize  (Chart 1)  This makes it certain that the
ingestion of sugar is responsible for the elevation of the
B § occurring within haif an hour after eating  This curve
closely resembles that obtained 1n normal glucose tolerance
tests

The lack of rise of B S after the eating of food 1n
normals from one to four hours may be seen 1n Chart 11
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Blood Sugar Mg ¢

In diabeties when the fastng B S 15 at a normal level,
there 1s an immediate and prolonged rise m B S for a
period of more than four hours (Chart II1) When the
fasting B § 1s high, then the post prandial rise m B §
assumes a bizarre picture (Chart 4)  Charts IT, 11 and
IV are all of arterial B' S They did not show any great
arterio venous difference so that the venous B 8 has been
omitted

Chart TXX Fuvs Disketes receiing nsuka with pormal BS before lunch al had
of BS after lunch
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We have established the fact that the renal threshold
to glucose 15 at a level of about 200 mg per cent of arterral
B S and it 1s seen in diabetics recewving nsulin, that when
the fasting B S 1s normal the sugar scarcely ever rises
above that pomnt after meals (Chart III) owever,
when the fasting B S 1s lugh (Chart IV), then the B §
attains a level very distinctly above 200 mg per cent and
it may be presumed that a considerable glycosuria has been
generated It may be noted that the B S does not rise
constantly, as i the patients with a lower ymtial B §
(Chart III), but that it fluctuates 2 great deal This
fluctuation may be ascribed to the loss of sugar in the urine
and also to the possibility of the high B S resulting 1n an
extenstve vicartous utilization of sugar and glycogen
accumulation by the tissues  Such glycogen deposits as
previously discussed are the probable cause for the diabetic
complications in the kidneys retinae, heart and the pancreas
so frequently present in dizbetics that have had therr disease
for a considerable number of years

\/S‘ummary and Conclusions
The role of the liver in diabetes 1s more rationally con-
cetved as lack of ability to assimulate and retam glucose as
glycogen and fat rather than over production of glucose

Before msulin was available by mjection, diabetics did
not live very long the mijonty of deaths being due to
coma or infection which resulted from a persistent hyper-
glycermua, glycosurta polynna and dessication

Since the mtroductton of msulin drabetics live much
longer and coma has virtually disappeared as a cause of
death ‘The development of nephnitis, coronary thrombosts,
retimtis and arteriosclerosis appeared almost mevitable
after 25 years of diabetes (Dolger?} According to Warren
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and LeCompte the deposit of glycogen in the hidneys, heart,
retina and artenies, resulting from persistent hyperglycemia,
and 1s not always reversible 1s the cause of such degenera
tive changes

Insubn admimstered by mjection s not the complete
vemedy for diabetes because the greater part of the injected
wnsulin acts n the extra hepatic tissues and results w the
deposit of glycogen in them  In addition to an nsulin with
profonged action a diet contaiming no free sugar and a
vegulated amount of slonly absorbable sugar (Starches
and to z less extent protems) so as to adjust stself to the
timited amount of insulin harbored n the lwer and to
prevent an mordinate postprandial nse of B S would
appear to be the answer

The free diet plan though 1t prevents death from coma
and malnutrition does not meet the demands of the present
well founded belief regarding the canse of diabetic involve

ment of the kidneys retinae heart pancreas arteries and
possibly other structures
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Discussion

Dr W C Srape (Philadelphia, Pennsylvama) Dr
Mosenthal m his paper has raised a very important and
interesting pomnt namely, whether there 18 a difierence of
distribution in the body of endogenous versus exogenous
msulin  There 15 some pertinent experimental information
on the rat and dog from our laboratory and also from
the laboratory of Dr Williams of Washington University
about the distribution of 1sotapic insulin after imjection
The concentration of 1sotopic nsulin m the ltver 13 some
four or fivefold greater than that i the blood In the
kidneys 1t 15 some twenty to twenty fivefold It must be
pomnted out however that our experiments lead us to
believe that the high concentration of radioactivity mn the
Kidney 1s probably owing to accumulations of breakdown
products of insulin rather than nsulin atself

Although some active insubn 1s undoubtedly i the
kidney, no one 1 belteve has been able to show the execre
tion of metabolically active msulin 1 the urine even after
injection of large doses

Other ponts of distribution are of interest  The skin
contains a very large amount of the total insulin mjected
as much as 25 per cent  Although the concentration is low
the muscles account for a good fraction of the mpected
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msuln  Curiously enough, the bram has no insulin m at,
beyond traces presumably due to its blood content

All this sums up to the possibility, as Dr Maosenthal
ponts out, that endogenous insulm might be trapped if
you want to use that word or bound 1n the liver In other
words only 2 fraction may get into the systemic circulation
We must remember however, that endogenous insulin may
get into the systemuc circulation by way of the lymphatics
and thereby short circutt the liver entirely

‘This field 1s an interesting problem for experimentation
So far as I know there 1s no data available But the
methods are at hand  There are good methods for measur-
ing blood concentration of wsulin 1 very small amounts
I do not think that measurements of small amounts of
msulin in tissues has been satisfactorily worked out as yet
But, untit expertmental information of this sort 1s obtatned
by methods of this type precise measurements of the portal
hepatic msulin difference under varying conditions of secre
tion have not been arnved at We can only guess as to
what proportion of the endogenous is retained by the
liver and what portion of 1t gets into the peripheral circu
lation

Dr GrraLp A WrensHarL (Toronto, Canada) In
hrs discusston Dr Stadie suggested that it would be inter-
esting to measure the concentration of insulin mn tissues
other than pancreas, after admunstration of a masstve
dosage of wsulin to the living animal We have performed
wnsulin extractions on various tissues and blood of the rat
two hours after the subcutaneous njection of a dose of
insulin amounting to two untts per gram of body werght
(This figure 1s commensurate with the concentration of
insulin extractable from rat pancreas by the acid alcohol
method which we employ ) At this time most of this
adminstered insulin was ether nactivated or so tightly
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bound to the tissues that it was unextractable by the acid
aleohol method  We could re-extract none of this msulin
from skeletal muscle, while that extractable from the
pancreas was within the himits normally encountered 1n
other experiments

Dr Herman O MosentiAL (New York, New
York) Iwould Like to epitomtze our conclusions in regard
to the reason for the develop of complicattons 1n
diabetics of long standing  All the glucose derived from
food, and all the insulin secreted by the pancreas, passes
to the hiver via the portal ven As Stadie has shown, con
stderable amounts of msulin will be combined 1n the liver
i potentially active form  In normals, there 1s sufficrent
msulin stored 1n the hiver to allow for complete assimila-
tion of the glucose derived from meals that contan starches,
but no sugar When the food does contain sugar then some
of the glucose passes through the liver and results 1n a rise
mn blood sugar, which in turn stimulates the pancreas to
extra msulin secretton and ths extra insulin passing directly
to the liver serves to prevent any further hyperglycemia
Insulin in the liver prevents hyperglycemia through assumila
tion of glucose by the liver Injected nsulin 15 combined
to a greater extent in the extra hepatic tissues than in the
lver, in the diabetic, extra msulin secretion by the pancreas
15 limited or absent In the diabetic, therefore, extra pre
cautions are required to prevent hyperglycemia  The
elevated blood sugar 1s mjurrous because the assimlation of
glucose m the extra hepatic tissues results in storage of
glycogen in them which leads to degenerative changes, and
if the rise i blood sugar 15 marked brings about increased
secretion of urine and drying out of the body tissues that
1s extremely harmful Hence for the prevention of com
phcations of diabetes the blood sugar must be fully con
trolled and glycosuria absolutely prohibited
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DISTURBANCES IN THE METABOLISM OF VITA.
MIN B,; IN DIABETES AND THEIR SIGNIFICANCE
Bacon F Crow

‘The Johns Hopkins University
School of Hygiene and Public Health
Balumore, Maryland

A lating evidence ¢ to support the canclu
sion that vitamun B,, plays an important role m the metabolic
pathways mvolved in the mtraconversion of carbohydrates
and fat In our laboratory, vitamun B,, defictent rats
develop a hyperglycemia which can be corrected by injection
of the vitamin  Elevation of blood glucose level can be
produced by admumstration of glucose either orally, paren-
terally or by combination of both routes and 13 hikewise
correctable by the admuustration of vitamin B,, While
hyperglycemia ss only one of the many abnormalies of
experimental animals wmade diabetsc by treatment with
alloxan or made By, deficsent, several simlanities between
the rats wn the two disease states are worth noting  In the
first place the red cells of both B, deficient and dizbetsc
anmals extubit fow GSH (reduced glutathione) content
and an adminstration of By, to the vitamin deficient rats,
both young and adult, 15 followed by a marked increase 1n
erythrocyte sulfhydryl content (Table 1) In the second
place, feeding normal rats 4 high carbohydrate dict withe
out an adequate supply of vitamun By, results in atrophy of
the pancreas  Whether the atrophy occurs 1n the beta cells
of the sslets of Langerhans, as i diabetic animals, has not
yet been determined

The of some interrel hup between vitammn
B, n the pancreas and carbohydrate metabolism 1s demon-
strated by the following experiment  Adult rats from our
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Table I
Effect of Vitamin By, on Soluble Sulfhydryl Content of Blood

Young rats
(3540 days old) + [tk
Defic
Vinoua vismn Vemn v
Biz . B2 i 513
defenc treted  Normal debcrenc  weaed  Normal
No of rats. H 4 3 H 4 3
Final body weight (average),
gm 59 138 11 320 1 a1
Hematocrit (average) %. 36 38 40 43 46 46

_SH groups per 100 ml blood
cells (average == sem), nE 318k 248+ 123% 2064 194k
106 55 20%* 26 75 26

M

o Age at start of expenments The expenumeot lasted for § weeks for the firat series of young rats 7
s for the adult rats and 3 weeks for the last seres of rats

wer

59 to 108 b
sem = Standard error of the mean

with one microgram of radio-
active yitamm By, each  (In an earlier report simiarly
treated rats had sigmficant retention of radioactivity in the
pancreas over a period of 3-4 months at a farrly constant
level, when mantamned on our stock diet ) After myection,
the animals were randomly distributed among three groups,
each of which was fed one of the following experimental
diets for two weeks and then sacrificed A A high carbo-
hydrate low fat diet, B A diet with adequate fat and
carbohydrate but low n vitamin Bys, C Our stock diet
containing 2 liberal supply of By All diets contaned
adequate supplies of known witamun supplements On

stock colony were injected
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necropsy the pancreas of each ammal was removed and
werghed and 1ts radioactivity determined after wet ashing
The results given demonstrate that both pancreas weight
and radioactivity ran parallel, wncreasing with the diet
sequence A (least), B, C (highest) (Table II) In the
third place, both drabetic and By, deficient ammals suffered
from derangement of carbohydrate or fat metabolism
However in vitamin B,, deficient rodents the inability to
convert carbohydrate to fat or to synthesize phospholipids
has been demonstrated only recently, and njection of vita-
mun By, m these animals returns the metabolic situation to
normalcy

Table II

Effect of Diets on the Disappearance of Radicactivity in the
Tissues of Rats Injected with Radiovitamin B)»

Dee Pancreas Liver Kidueys

We (sm) GPM W (em) CPM We{sm) CPM
A—HCY 0460 79 120 E 22 at
B—HP** (3133 144 136 254 24 359
C—SD*se 0910 "y 119 225 23 7

*HC=h gh carbobydrate—low fat d et
** HP =h gh proten—low fat d et
#*+SD = stock det
These results taken as a whole prompted us to study
the handling of vitamm By, by the diabetic human  For
tins purpose we have chosen the vitamin tolerance test
(Kline and Eheart, *44, Lang ¢t al, '52) which has been
used to estimate the degree of saturation of the preexist-
tng vitamins 1n the tissues of test subjects This tolerance
test for vitamun By, can provide valuable information
regarding the relative adequacy of the dietary source of
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vitamin B, for the tissues  To provide data for study the
urinary excretion of vitamin By, by patients with diabetes
mellitus was compared with that of clinically healthy sub
Jects of the same sex and comparable age  The details of
such a series of experiments are as follows

Chosce of Subjects

A Clincally healthy subjects In the first series 19
young healthy student volunteers from the School of
Hygiene were selected  In the second series young staff
members of the Balumore City Hospitals were chosen In
the third series volunteers were drawn from the Hopkins
Medical Units  The mean age of these groups was approx
imately 27

B Duabetic subjects All subjects used 1n this study
suffered from diabetes mellitus of different degrees of
severity The diabetic subjects were selected on the basis
of clear cut chnical diagnosts with hyperglycemia and
glycosuria present

Tolerance Tests

All subjects were mjected with a single dose of 50 or 65
micrograms of crystalline vitamn By, by the mtramuscular
route Insulin therapy was not mterrupted durmng the
vitamin By, studies Urine was collected from the test
subjects during the first 8 hours after injection  All sam
ples 1dentified only by code numbers assigned at the hos
pital were then submitted for analysis Extenston of the
collection period te 24 hours was found unnecessary since the
increased time yielded no more than 5% of the total amount
of excreted vitamn B, The B,, actvity in urine
was esttimated microbiologically by the Skeggs method
Recovery of added yitamin B,, to basal urine spectmens
was essentally quantitative thus demonstrating the absence
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af inhib Rad B, was ad: ed to several
subjects Lirmary radiorctivity was measured eiher diectly
on aliguots of the urne or on zhiguots of butanol extracts
Only after completion of the assays was ophthalmescopic
diagnosts (nsed as a entenion of the seventy of the disease)
of the patients compared with the analytieal resnlts Thas
procedure was adhered to rigudly tn ovder to mummize bas

Results

In the first study, five dizbetics hospuntized 1 a hospital
 Mexice City were given antramuscularly 65 micrograms
of ¢erystallime vitamua B,y each  For comparison 9 healthy
Mexscan subiects were myected with 3 ke amownt  The
analyses of indndual urine specimens demonstrate that
the Mewican controls excreted much more vitamia B, than
the dibeties {Table X1} In spite of the large varmtion
in the latrer group, the difference was statistically sigmficant
However, these data with 2 lumated number of subjects are
not suffictent to attribute the difference to disbetes since the
subjerts were not strictly comparable with respect to age or
sex. Nevertheless, these results were sufficrently suggestive
to warrant mort detaled study  Work at the Wimer
Institute (Becker, *S2} of the Jahns Hopkiss Hospital at
that tune had mdicated decreased adrenal cortical function
. chabetes without retinopathy and a possible causal rela
tonstup of relatnely excessive adrenal actwaty to retino
pathy and RumnelstielWilson renal Jessons

Fable 111
Mexxcan Diabetis
£12 Exceered
Subjeces § £ AvermgeAge <z IE)e
Diabessc 3 2 37 yrs 49%2p
Controls 9 o 2y 17

* (X % SE) mean W32 wacreted w b standaed ervor
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Data from our ammal experiments also ndicated a
possible interrelationship between the kidneys and adrenals
and the metabolism of B,, This combimnation of cireum
stances suggested the hypothesis that the urinary excretion
of By, by diabetics might be related to the presence or
absence of retinopathy  To test this hypothesis, a total of
22 consecutive subjects with retmopathy and 13 without
retinopathy were accumulated over a period of four months
and each one given a vitamin B, tolerance test There
was an uneven distribution with respect to the number of
subjects 1 each group and a preponderance of females in
both groups In spite of this heterogenity the urinary excre-
tion of By, by all subjects fell into two distinct groups
Over the entire age range there was 2 umformly greater
excretton by subjects with retiopathy than by those without
retmal lesions  The two exceptions were subjects who were
oniginally diagnosed as drabetics without retinopathy, but
were found to have (or to have developed) early retmo
pathic changes on subsequent reexamination  However, m
our statistical analyses (Table IV) only the original diag
noses were considered  The urinary excretions of normal
subjects are mcluded for companson The data show that
the diabetics with retmopathy excreted an average of
approximately 19 micrograms of vitammn By, while diabetics
without retinopathy excreted only 4 2 micrograms, whereas
the clically healthy subjects excreted 9 6 mucrograms
Statistical analyses indicate significant difference not only
betsveen the two diabetic groups but also between either
one of them and the healthy subjects Radiwoactve By,
studies revealed simlar differences between the two groups
of diabetics (Table V)  There scems to be no presently
demonstrable correlation, however, between the severity of
the retinopathy and the By, excretion
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Table IV

Urinary Excretion After Injection of Vitamin By (50 mcg)
g B12 Excreced

Subjecs No of Subjecrs (<2 SE)®
Disbetrcs wrthout retinopathy —— . 13 42217
Diabetics with retinopathy — . 22 19+21
Healthy Controls —_ 6 96=14

*(x == SE) mean B1? excreted w th standard errot

Table V

Vitanun Byy Excretion and Diabetic Retinopathy

M ero-
BizbyRado-  biolog cal

No of ey
Gronp. Sobees (cpm) [ehi

‘With retinopathy 7 4150 175
Without retinopathy _. 4 1100 45

To explore further the mterrelationship of vitamun B,,
and the adrenal cortical function it was of interest to ascer
tamn if possible whether the excretion of vitamim B,, can
be effected by the admmnstration of cortisone  Ta this end,
a series of experiments were performed  In 3 typical exper
ment two groups of mature female rats (average weight
220 grams) raised in our own colony were employed
Group A recerved daily except Sunday 5 milligrams of cort
sone suspension per rat per day for three weeks The dura-
tion of this therapy 1n various experiments ranged from
one week to one month No marked difference 1n the
results to be described below were observed with different
times of treatment Group B serving as control, recetved
on the same days an mnjection of one cc of 1sotonic sahine
solution  After this pretreatment for three weeks each
ammal 1n both groups was given a test dose of one micro
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gram of radtoactive vitamin B,, The urinary specimens
collected 24 hours before as well as 24 and 48 hours after
injection were assayed for radioactivity and for microbio
logical activity of vitamin By, Forty eight hours after the
mjectton of vitammn B,, the ammals were sacrificed and
tissues such as liver, kidneys and five grams of muscle from
the thigh were removed for radioactivity determimnation
after wet ashing  The results of this typical experiment
(Table VI) demonstrate that the vitamin B, activity in
24 hour urine specimens of the cortisone treated anmals was
twice that of the control animals, as measured either by the
microbiological activity or by the radioactivity  The results
of tissue analyses demonstrate that in each mstance the
organs of the treated animals retained less radioactivaty than
the saline injected controls

Table VI
Radioactivity 10 Urine and Tissues
Treatment BI2 aU m oy B12 Bound/Gram T ssuc
Grosps reamen [ ' Miscte  Lver . Kedaers

A Cortisone 072 077x003 Ol 57 167
B Sahne 044 048003 018 110 2#
R M crograms of B2 as measured by the radwoactvty a the 24 hour unne

3pec men.
M = M crograms of B12 as measured by the m crob al act v ty in the 24 hour unne

spec mens
Duscussion

The low microbrologtcal activity mn the urine of diabeties
without retmopathy might be explaned on the basis of the
presence of an mhibitor  This argument however, loses
its force since m the similar studies i which radioactive
B, was admimistered there was a sumlar marked difference
in the urmary excretion of radioactvity by dibetics with
and without retmopathy However, the compltcations ans
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ing from the unlabeled B, reserve in the tissues of test
subjects, as discussed tn a previous report, makes 1t unwise
to wnterpret the data beyond a suggestion of a quahitative
difference 1n the radioactivity mn the unine specimens of these
two groups of diabetics after admimstration of B, No
efforts have been made to ascertan whether the microbio
logical activity excreted by the two types of diabetics 1s due
to the presence of more than one form of this vitammn or of
B,, like compounds

Recently a difference was reported in the excretion of
vitamin B,, by young and old healthy subjects following
injection of a test dose This phenomenon may be attributed
to the decrease of kidney or adrenal functions with age
A difference 1n the rate of loss of radioactivity from the
kdneys of young and old rats following subcutaneous injec-
tion of By, was also observed These results suggest like.
wise a possible role of renal function m the excretion of
wvitamuin B,, Friedenwald and his associates showed a cor
relation of Kunmelstiel Wilson renal lesions with diabetic
retinopathy It is therefore plausible to attempt ta explan
the observation of the difference 1n By, excretion by these
two groups of diabetics on the basts of possible differences
n renal function Hoswever, clinical tests of renal function
did not correlate with By, tolerance m this sertes of diabetic
panents  {The cfiects of testosterone on patients with
drabetic retinopathy make this thesis even less likely )
Nevertheless the possibility of subclinical renal involvement
affecting the By, tolerance test requires further study
Observations on the effect of cortisone on urinary excretion
of B, by rats suggests a possible explanation for the
nereased excretion of yitamin by the diabetic with retino
pathy  This hypothests receives support from prelimmary
data demonstrating a higher concentration of oxysteroids
related to but not 1dentical wath, cortisonte 1n the urynes of
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diabetics with retinopathy than m diabetics without retino
pathy In this communication it 15 merely intended to report
the difference in the excretion of a test dose of B, between
these two groups of diabetics The possible influence of
the adrenal cortex wmsofar as it 1s demonstrated by the
increase 1n the excretion of vitamin By, by rats treated with
cortisone deserves further mnvestigation

Such findings provide us with some of the necessary back
ground information to study the biochemical and physto-
logical defects in diabetics and may throw additional hght
on the metabolic function of By,

Discussion

Dr Eraine P RaLur (New York, New York) I
thought perhaps our observations on a limited group of
diabetic patients would be interesttng  We did the sulf-
hydryl determuation on whole blood and found that the
diabetics fell in two groups those with blood values below
normal and those with normal values When we gave
vitamin By, 1n very large doses anywhere from 350 to 1000
meg a day we mvariably were able to raise the sulfhydryl
level i both groups to very high levels

1 wondered if Dr Chow had any observations on dia
betic patients

Dr Bacon F Cuow (Baltimore, Maryland) Dr
Rall: your observation is very mteresting ' We found that
pattents with pernmicious anenua, like our By, deficient rats
have very low sulfhydryl content i the red cells This
content could be raised very markedly by the admimstration
of vitamin By, by the parenteral route or by 2n oral dose
Whether your observation that some diabetics have low SH
content 1 the cells 1s 2 of By, defi g
remains to be investigated
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INDICATIONS FOR USE OF VARIOUS INSULINS

FRANkKLIN B PECk

The Lilly Research Laboratorses
and
Indiana University
School of Medicine
Indianapolss, Indiana

When I received a copy of the program of this meeting
I was again reminded of the first New York Symposium
on New Insulin in which I participated in 1936 It was
moderated by your past president Dr Herman Mosezens?
whose enduring interest in diabetes and 1ts manzpeasers,
has been so valuable to so many of us through t== yez—y
Thus early meeting has remamned a treasured mazemr 5er
1t brought a large group of new friends with 2 —rexs?
mterest and a cross section of different problesss, w%-m
I have always found exceedingly stimulating It kas b
a rare privilege to be able to work cooperatively wzz yory
albeit at long range on 2 good many developme=r mye
have ensued These reflections suggested that zwy 2y
cussion of the indications for the use of varioms s
preparations might well be approached through eorarems.
L cae Ve L on ot -
'

which | hope will not appear too pedantic and oprre,- 5

At present there are four Insulin prepasz=q. e
mercially available in the United States Thq-t_,”,_;
others in use m Europe none of which hate oy, hat
themselves widely over several years of usaze ;- Py
on this account can be dismussed from further czrg, - ._:
Another new preparation (Insulin zinc suspens .. -
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Novo) is recently available m Denmark and has been
endorsed by Lawrence in England  Its characteristics have
been described by Hallas Mgller and associates? Regular
or crystalline Insulin preparations made 1n the United States
assay 1dentically and are interchangeable except 1n a small
group of cases of allergy The position of these prepara
tions i the therapeutic armamentarium has changed duning
the years since introduction of Protamine Zine Insulin from
the “sheet anchor” of Insulin therapy to that of a supple-
ment to long acting preparations, and for use in emergencies
where rapidity of action 1s desirable  Before the intro

duction of NPH Insulin, only about one third of the output
of Insulin was rapidly acting  Now NPH appears to have
replaced about one half of the Protammne Zinc Insulin
formerly employed Globin Insulin with zinc has been
constdered by most observers to have a similar type of
intermedrate action to that of NPH Insulin, zlthough some

what shorter in duration  All the modifications of Insulin
exhibit the characteristic hypoglycemic effect of the pure
hormone, and differ from one another only in their rate of
onset of activity and duration of tume actton  Their rela

tive posttions in regard to onsct and duration of effect can
probably best be appreciated by reference to the published
assay curves of Jamieson Lacey and Fisher® of the labora-
tortes of the Toronto Insulin Commuttee These disclose
that 1n onset and maximum action there 1s practically no
difference between Globin Insulin and NPH Insulin  The
two curves separate (n ascension mdicating the greater pro

Jongation of effect of NPH Insulin

The rapid stuft from rapudly acting Insulm to Prota
mune Zine Insulin following tts marketing 1n 1937 was not
solely the result of its convenience m reducing the total
number of datly mjections It was also becanse of the
salutary, often dramatic alteration brought about n the
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general condition of the severe diabetic, particularly notice-
able in the diabetes of cildhood Diabetic dwarfism, daily
periodic acidosis, hyperltpemia and  hepatomegalta, so
characteristic of the pot bellied, stunted drabetic children
of that pertod disappeared promptly from climical view
The typical picture of juvenile diabetes before 1936 and
1937 1s now difficult to appreciate since there are no longer
these chinical cases to use n teaching medtcal students I
have not seen a diabetic dwarf now for almost fifteen years

‘What brought this change about? The obvious and
most easily demonstrated change 1n severe cases of dizbetes
was the altered pattern of hyperglycemia as demonstrated
imitially by Krarup* (1935) in the classical monograph from
Hagedorn's Clinic at the Steno Memorial Hospital A daily
dose of long acting Insulin elimnated the peak of hyper-
glycemia during the nocturnal period of starvation Such
hyperglycemia must represent tissue destruction and con
verston to glucose rather than simple overflow of ingested
carbohydrate  Krarup’s blood sugar curves amply demon-
strate the characteristic effect of longacting Insulin on
lowering the fasting blood sugar  Of neglected and prob-
ably more fundamental importance than the effect on hyper-
glycemia are the observations of Wilder® (1937) on protein
wastage prevented with Protamine Insulin  These observa-
tions appear in a section of a report entitled, “Clinical Inves
tigations of Insulin with Prolonged Activity,” and T believe
many physictans are unfamiliar with these partrcular find-
mgs  In his clinical experiments the dose of Protammne
Insulin was not sufficiently large to lower the blood sugar
below the level at which 1t was found in the morning Never-
theless, the excretion of motrogen was depressed after the
first four hours and positive mitrogen equilibrium was mam
tained until the end of the twentieth hour after the dose
The ritrogen balance did not become grossly negative even
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after 31 hours, and with Protamme Zinc Insulin, the
protemn sparing effect was apparent for a period of 32 to
36 hours He suggested that this probably explains the
mmproved sense of well being noted generally in patients
treated with Protamine Insulin even though glycosuric
The correction of this important defect in metabolism of
protemn as well as carbohydrate established unquestionably,
I believe, the use of long acting Insulin preparations as the
foundation of Insulin therapy, to be embellished where nec-
essary with rapidly acting Insulin in exceptionally severe
cases or during complications  The high blood sugar level
fasting which 1s so characteristic under treatment with regu.
lar Insulin represents decompensation of diabetes during
starvation, with attendant tissue destruction and mtrogen
wastage This ts corrected by use of Insulin modifications
acting long enough to extend over the mght

After some years of experience with Protamine Zinc
Insulin during which various expedients of dietary readjust-
ment and supplemental extra doses of Insulin were resorted
to 1n attempts to conform the individual's metabolic load
with very slow prolonged action of Protamne Zinc Insulin,
1t became apparent that a preparation having a more efficient
ntermediate effect would be highly desirable to correct the
defictt of Insulin during the daytime and overactton at night
A long sestes of mvestigations was undertaken cooperatively
1n a number of clinics nvolving the systematic study of 2
large variety of Insulin~Protamine Zinc Insulin admx-
tures as well as specially prepared acid (clear) and buffered
(cloudy) modifications of Insulin using protammes, histones
and globns as modifying agents A su:nmary l;f the prog!
ress of these mvestigations was made® and after severa,
years these studies led to the conclusion that a prepara}glon
having the action characteristics of 221 (Insuln ;o ro
tamine Zinc Insulin) mixture exerted the most satisfactory
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iming effects for the most patients’ That NPH Insulin
rystals happened to conform with this trming was undoubt
edly forturtous  Its preparation on a large scale proved to
be practical and 1t had the further advantage of being a
chemical compound of high purity and controllability n
production

It should be emphasized that NPH Insulin represents
the tuming that appeared to be the most satisfactory for most
patients—probably about four fifths of all the cases  Those
cases of exceptional severity many of the juveniles and the
unstable pattents whose response to Insulin 1s  brittle * and
erratic remamn difficult individual problems In the mamn
the patterns of Insulin response mn this group fall mnto two
main types varying 1n extreme mstances almost diametrically
to one another i that some of them present twenty four
hour blood sugar curves that are concave 1n shape whereas
the others are convex Iz20® has commented on the differ
ent patterns of response 1n labile cases  The concave curves
are quite similar to those obtaned under treatment with
regular Insulin prior to the advent of Protamime Zinc
Insulin  The blood sugars fasting are high and accompanied
by glycosuria  The blood sugar falls during the daytime
hours but ascends again at night The convex type of curve
1s the pattern obtamned in stances where the time action of
the Insulin preparation 1s too slow rather than too fast
Both curves are found with other long acting modifications
They have been observed with Protamine Zinc Insubn and
more recently Hallas Mgller? has reported similar responses
m patients freated with the Insulin zinc Lente (Novo)
preparations

The cause of these different patterns of response 1s not
clear  Blood serum from different patients varies in its
ability to solubthize protamine mixtures and modifications
(Peck® Tzzo®) and this was attributed to the presence of
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sariable amounts of an enzyme termed protaminaze by
Bang™ thought to be responaible for sphtting the Protanune
Zinc Insulim complex.  Swwce the same findings ace obtaned
with the Insulimzine modification of Hallas-Moller, howe
ever, and the Lente preparations contan no protamune,
another explanation must be sought.

Insulin therapy 1s mdicated m general in, 1) alf diabetic
chiddren, 2} dubetics with complications (nfection, sure
gery, coma, ete ), 3} patients who demonsteate an mability
to mantaun sutntion without hyperglycemia and glycosura
It 15 obviously possible to treat diabetes by means of any
Insulm preparation prowvided swmtable rearrangements of
dhetary distribution and dosage are provided  For simphfic
cation of mamagement and mstructions to patents, nurses
and resident stafl, the diabetes service at Indinnapolis Gen
eral Hospital has strven to utdize routinely not more than
two essential Insuln preparations, one fast aad one slow.
Insulin 13 used for rapid effect sn emergencies, complications,
young children and for supplementary doses NPH Insulin
15 used in all cases for s sustaned effect with moderate
overlappmg  In the growp of cases having evceptional
sevenity, the sunple provision of 2 morming dose of NPH
Insulin before breakfast s obwiously not adequate
Recaurse 1s then had to one of two procedures depending

upon the findings

The typieal confirmation of the vanons forms of blood
sugar curyes observed have been summarnzed diagrammaty
cally m Figare I The first curve, concave in type, with
tugh levels fasting and normoglycemna durmg the day,
represents the findings during treatment with short acting
Insulin preparations  The next curve of apposte type, &
convex surve, represents the blood s;xgdar ﬂ;cmm:;: s:::

he seyere case treated with a s

:svfc f;:;‘;:?::;i ;;:xc Ynsulm before breakfast The blood
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Figure I
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sugar fasting 15 wefl controlled, but not enough Insulin 1s
released m relation to the heavy carbohydrate of the meals
to prevent post prandial blood sugar elevatton and glyco
sustz 1t calls for supplementation weth extra doses of
Insulin, either separately or i 2 mixture The thied curve
depicts the behavior of blood sugar n the majornty of cases
treated satisfactonly with a dose of NPH Insulm gnen
before breakfast in the moming  Reasonably physiologscal

fevels are mamtaned 1n both the fastimg and post prandial

periods  The fourth curve (sofid hine) summarnizes the

findings 1n that group of patients displaymg 2 convexity of

response indicating that NPH Insulin 1s not acting rapidly
enough to prevent daytime hyperglycemss  In these cases,
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the urine specimens before breakfast are sugar free, but
glycosuria occurs after breakfast and sometimes 1n the
afternoon  Since more Insulin 15 needed 1n the daytume, 1t
1s added to the single injection of NPH Yasulin given before
breakfast, and the amount 15 increased gradually to correct
the convexity of the curve (broken line) and prevent exces
sive glycosurta and Ryperglycemta  The last eurve (sohd
Ime) illustrates the concave response sometimes obtaned
with NPH Insulin, and 1ts alteratron by the provision of 2
second smaller dose of NPH Insulin before the evening
meal or later  This necessitates a second injection which 1s
undesirable

Since the concave type of bloed sugar response usually
requires a second mjection later on m the day, and duplicates
the earlier findings which were so common before the advent
of modified Insulin preparations, 1t appears to be the most
objecttonable  Sometimes 1t can be improved by utdizing
a longer acting preparation such as Protamine Zinc Insulin
More recently, we have been observing the effect produced
by Insulin-zinc suspension (Specrally Modified Insubn Type
7030, Lilly) prepared according to Hallas Mpller It
appears to act somewhat longer than NPH Insuln, and on
this account may have its chief indication for use m patients
displaying difficulty 1n mamtenance of normoglycemic values
over the mght  In addition, 1t seems quite suitable for use
1n the larger number of cases of mild or moderate severity
and of the stable type There still remams the smaller
group of labile cases having fluctuating responses from day
to day where no reliable and consistently  satisfactory
rethods are avatlable for stabilization at entirely satisfac-

tory levels
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Duscussion

Dr BenyamiN AsHe (New York, New York) T will
confine myself to about five minutes, because there are differ-
ent points of view which I hope will be expressed I want,
however to express my thanks to Dr Peck for giving his
paper to me 1n advance of 1ts being read here, because 1t
1s an example of his kindness to us as practitioners over a
long range of many years

Nothing that I s2y 1s meant as differing from the data
that Dr Peck has presented, and I throw out some of thesc
suggestions simply as matters of experience which differ
some respects
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T think we have to conclude—and Dr Peck has hinted
at 1t—that the 1deal insulin s yet to come

The other pomt about the indications for the use of
msulin that occur to us as practitioners 1s that too many
people use msulin who do not need 1t Chiefly, the obese
mdividual whose diabetes can be controlled without insulin
1f anything tus condition 15 rendered worse by the use of
msulin, his obesity increases

We also have the problem that the long acting nsulin
1s too often used for too long a time  In other words, both
patient and physician persist too long n the dose of a long
acting msulin when some emergency has arisen for which
regular msulin 1n more frequent dose than one should be
used, and conversely, when some emergency has been han
dled, we too soon return to the single dose of the long
acting nsulin  So that the emphasis that Dr Peck has given
on the use of the regular msulin and crystallne nsulin
deserves repetition

The following 1s something that 1s subject to honest
difference of opmion  There are many of us who cannot
agree that the action curve of globin mnsulin 15 quite like
that of NPH There are many of us who have seen cases
where globin mnsulin controls the hyperglycemta of that
group of drabetics, however few they may be, whose hyper
glycema and glycosuria last twelve or more hours, mn asso
cation with meals and such patients with no nocturnal
glycosuria whatever do very well on globmn msulin T offer
for your consideration another small group of people who
cannot be controlled 1n any way except by two doses of
globin msultn, each one small, taken 12 hours apart They
are not frequent

The problem that ntrigues me 15 this question of a sup

plemental dose  VWhat are the critersa for etther the phy-
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sictan’s ordering a supplemental dose, or, more serious, for
the patient to decide, after having some time in the day
already had 2 long acting 1nsulin that he will take a supple
mentary dose, small or large, of regular msulin? I do not
mean to suggest that there are no occasions when such a
supplementary dose 1s umperative I do want ta call your
attention and invite your thinking to this pont I believe
that too often this supplementary dose of regular insulin 1s
resorted to for unwarranted mdications—I mean by that
that the patient will take a urine specimen, and on the basts
of a color reaction, or let us assume—and this will have to
be an assumption because 1t cannot apply to many patients
—that they even have an accurate percentage of glycosuria
at a particular time, and take an unnecessary “supplemental”
dose of msulin What I am proposing to you 1s the constdera
tion of whether or not too often a supplementary dose of
regular msulin 1s taken on the basis of a percentage knowl
edge of sugar m the urine, or a color reaction, without
knowledge of the volume of urine voided, and hence without
knowledge of the fact that actually at the time of even
brick red urine there has been very little glycosuria in terms
of grams of glucose Under those condittons, in advocating
a supplementary dose (particularly 1f we advocate 10 units
if 1t 1s a tan color 20 umts of regular wnsulin of 1t 1s an
orange color, irrespective of the knowledge of grams of
glucose, which may be very little) are we not “making”’ the
so called “labile” diabetic—n other words does not this
supplementary dose then ¢reate hypoglycemia for which 2
glucose source must be resorted to so that later agamn in the
day we have hyperglycemia and glycosuria?

How many so-called * labile” diabetics do we create by
2 supplemental” insulin dose when we follow percentage
and color reactions i urine and have no knowledge of the
number of grams of glucose actually lost, which, if negligible,
we would not treat?

123



Dr Henry E Marks (New York, New York) 1Itis
an important part of our job to make the diabetic regimen
as easy as possible for the patient and to avoid, when pos
sible, multiple 1njections of msulin  In our experience one
can regulate almost all diabetics satisfactorily on a single
injection, «f the distributton of carbohydrate throughout the
twenty four hours 1s adjusted to the activity curve of the
mnsulinused With any of the slow acting insulins this usually
requires 2 small breakfast of 30 to 35 grams of carbo
hydrate, approximately equal amounts of carbohydrate at
lunch and supper, a small mid afternoon fecding, if there 1s
a tendency to hypoglycemia before supper, and a bedtime
feeding of 20 to 35 grams of carbohydrate depending upon
the level of the blood sugar before breakfast

The intensity and duration of the msulin activity curve
varies in different individuals, some having early maximum
activity and short duration, others a late maximum and
longer duration These variations can be compensated for
by corresponding variations in carbohydrate distribution
and this 1s simpler for the patient than supplementary
injectrons of msulin  When the onset of msulin activity 1s
delayed to such an extent that glycosuria occurs i the first
hour or two after breakfast there 1s a temptation to use 2
supplementary dose of regular msulin to control this period
of hyperglycemia  However 1f the glycosuria 1s confined to
the first two hours after breakfast and if the blood sugar
reaches a normal level by lunch time one can disregard ths
brief postprandial rise

1 should appreciate hearmg from Dr Peck about hus own
expertence n using this method of regulation as compared
with multiple mnjections

Dr FransiiN B Peck (Indianapols, Indiana) I
only want to take a minute and to thank the distussants
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My approach to this subject 1s obvious to try to generzlize
and develop principles and of course when you generaluze,
you get mto trouble In individual cases one has to make
individual readjustments We have seen d fierent types of
response to all sorts of msulin preparations and 1t 1s difs
cult to make specific rules on that point  All one can do 15
to begin from an average with a plan which was what I
was attempting to place before you 2 plan of approzct,
and then depart from the approach whenever it becomer
necessary

Throughout the last fifteen years at the Infzzrore
General Hospital we have routinely continued 22 57z o
daily diets 1nto thirds  We begin treatment on =2z _ans,
with three meals in thirds  We chose that c<hmgeer
along 1n the early forties feching that 1t was someLTy sog
we could continue constantly over a longer perto” 1 <ime.
and then measure the response of different insulin grmy s
tions against it Nevertheless we do not hesitate s L
that distribution wherever 1t appears necessary

As Dr Marks pomted out in many instantes, =7 .
bution of food 13 very advantageous A good mzev gz erx
do better with a smaller breahfast and splitting 21w ot
meals into larger proportions such as onc fifth v § ¢
and two fifths  Practically all of the ch ldren ¢ g e
get five feedings a day
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THE MANAGEMENT OF DIABETES DURING
PREGNANCY*

Davip Hurwrrz
Mount Auburn Hospital
Cambridge, Massachusetts
and
Boston City Hospital and
United States Public Healch Service
Boston, Massachusetts

The problem of pregnancy n the diabetic 1s of great
importance to the intermst concerned with diabetic women
of the childbearing age  With him lies the responsibihity
of decrding when diabetes exists during pregnancy, how to
manage diabetes during pregnancy and delivery, how to
assess the role of hormonal therapy He must collaborate
with the obstetrician to decde the optimal time of delivery
and the type to be employed The following observations
are based on 140 cases of pregnancy and diabetes over an 18
year period under our personal supervision at the Boston
Lymng in Hosprtal  Since our maternal mortality was zero,
our marn concern 1s with the fetal mortality which was 23%
Before gomng into the possible factors mfluencing fetal
mortality, a brief discussion of the diagnosis and manage
ment of these cases 1s i order

Diagnos:s
Glycosuria often occurs during pregnancy and 1s usually
ascribed to lowering of the renal threshold However, we
have found by sertal glucose tolerance tests in normally
pregnant women that pregnancy often exerts a deleteriovs
efiect upon their carbohydrate metabolism  If one uses 2

* From the Diabetes Clinic of the Boston Lying in Hosputal
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mester, drops suddenly to the pre pregnant level With
these few facts 1n mind the management of the dizbetes
during pregnancy and labor should be an easy matter

Fetal Mortality

The perplexing part of this problem 1s the fetal mor-
taity Time and again a patient well controlled and cooper-
ative reports the loss of fetal movement and a dead baby
The same unfortunate experience also may occur before
the onset of climcal diabetes Indeed, we have found as
high a fetal mortality during the 5 year period before the
onset of diabetes as after the onset of diabetes? For this
reason, 1t might be well to study some of the possible factors
nvolved

{2) Effect of Seventy and Duration of Diabetes on
Fetal Mortality

A low fetal mortahty occurred 1n the muild diabetic
requiring ne insulin - 45 of the 140 cases were 1n this mild
group Beyond this group there appeared to be no increase
1 mortality with increase m severity  (Of the 63 cases
requiring 51 or more units of nsulin daily, the fetal mor
tahty was 25% while 1n the 10 cases using up to 20 units
daily the fetal mortahty was 30% ) Sumlarly, the fetal
mortahty was low in those cases where drabetes was diag
nosed during pregnancy (11% of the 53 cases) while there
appeared to be ne statistical difierence among the groups
of longer duration White found that 52% of the fetal
mortality occurred in the group with diabetes of 10 years
duration or longer  Her cases were equally divided between
those over 10 years duration and those under 10 years
duration so that 48% of the fetal mortality 1s m the group
under 10 years duration—hardly of statistical significance
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(b) Effect of Toxemta on Fetal Mortality

There was 2 hugher nadence of toxemia in diabetc
pregnancies (29%) as compared with nondiabetic preg
nanctes (7% ) This was particularly true in those cases
with severe or Jong standing diabetes Again there appeared
to be no differences among the groups ranged according to
sevenity, 1f one excluded the noninsulin diabetie  Of the
toxermc diabetic patients, 30% had a fetal death as com.
pared to 20% of the non toxemic group, so that toxemia
may be a contributing factor to the fetal mortality but 1s by
no means the sole factor

(c) Analysis of Fetal Deaths

There were 22 mtrauterine deaths and 10 neonatal
deaths  Of the latter group, congemital anomalies and
Miller-Wilson triad* were common  Of this group of 10
there were only 3 deaths which in retrospect could be con.
sidered obstetrical and therefore preventable Of the 22
still births, 15 showed no cause of death 12 of these 15
deaths occurred duting the 34th to 37th weeks By the end
of the 36th week 72% of the fetal deaths had already
occurred and by the end of the 37th week, 81% of the fetal
deaths had occurred  There was an abrupt increase w fetal
deaths from the 35th week (38%) to the 36th week
(72%) Whether advancing the time of delivery to the
35th week could increase the yield by reducing the number
of mysterious intrauterine deaths or would ncrease the
number of neonatal deaths cannot be answered at present
While excesstvely large babies do oceur more commonly 1n
diabetic pregnancies, it 1s rare that the resulting dystocia
results 1n death

*Cardiac enlargement marked erythropo esis of the [ ver and b,
Plasia of the 1slets of Langerbans. * Tper
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Hormonal Therapy

This work 15 based upon the original work of Smuth
and Smith who demonstrated a hormonal imbalance (abnor-
mally high serum choriome gonadotrophins and fall m
urinary estrogens and pregnandiol excretion) before onset
of toxemta or of fetal death ‘They demonstrated correc-
tion of this imbalance by the oral admimstration of stil
bestrol  Their schedule calls for 5 mgs stilbestrol daily
at the 7th week of pregnancy, wereased cach week so that
by the 34th week 1t reaches 150 mgs stilbestrol daily 14
of our patients were so treated during 16 pregnancies We
have treated only those patients coming to us before the
20th week and have used the others as controls  This 1s
not too satisfactory, as patients coming for the first time
Iate 1n pregnancy are usually less cooperative, and poorly
controlled The reason 1t was done this way was because
of the lmuted number of cases In our hormone treated
group there were 3 deaths (19% mortality) while in the
control group of 35 there were 9 deaths (35% mortality)
In the entire group, exclusive of the hormone treated cases,
there were 29 fetal deaths 1n 124 pregnancies or 23%

mortahty The 3 deaths in the treated group could all be
explained (hydr halus, ¢ al alveolar dysplasia and
prolapsed cord) This limited experience 1s not enough
to draw any valid conclusions Ideally one should treat
alternate comparable cases with hormones I am glad to
say that this 1s being done m England under the auspices
of the Medical Research Counal  Alternate cases are
treated with hormones so that netther the patient nor the
attending physician know whether the pills are hormone or
placebo  They have handled about 150 cases in this way
1 discussed this with Dr R D Lawrence 1n London a few

ecks aga and it 15 hus preliminary impression that there
i vement wn fetal mortality in the treated group

was no 1mpro
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It 1s our belef that a lethal factor or factors mdepend
ent of the hyperglycema are operative in the diabetic
pregnant patient with the major effect on the placenta with
resulting deficiencies of placental steroids  Early induction
will probably increase the fetal yreld The corrective effect
of hormonal therapy 1s shght if any The nature of this
lethal factor 1s unknown Why do some severe Juvenle
diabetics of long standing have several normal babies
rapid succession without difficulty while recently discovered
muld diabetics have stillbirths?

Summary and Conclustons

We have observed a net fetal mortality of 23% 1n
140 diabetsc pregnanctes  About 34ths of the fetal deaths
occurred before the 37th week  Whether earlier delivery
would result n increased salvage or increased mcidence of
neonatal deaths cannot be answered at present Toxemua
18 mereased 1 diabetic pregnancies and 1s associated with
increase m fetal mortahty but by no means accounts for 1t
all  Nerther does a high inadence of excessively large
babies account for the high fetal mortahity Increased fetal
mortality also occurs m the 5 year period before the onset
of diabetes This suggests a lethal factor independent of
actual hyperglycemia—similar to complications ’ such as
vascular disease rennopathy ete occurning in diabetics
general  Daabetic actdosis 1s preventable 1f proper supervi
sion 1s muntained 1t should play no part in fetal mortality

Hormone therapy benefits have not been proven Only
by setting up a controlled study with alternate patients can
we get the final answer to the question of its efiectiveness

The pregnrant diabetic should have meticulous control
of her diabetes so that diabetic acidosts should be ehiminated
She should have careful supervision by both internist and
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obstetrician  Termination of pregnancy should be deter-
muned by size of fetus, presence of toxemia, and previous
obstetrical history
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Discussion
Dr WiLLiam P GIvEN (New York, New York) It
was a pleasure, Dr Hurwitz, to hear your excellent and
complete study of this subject 1 which we are so mterested
From the pomnt of view of an obstetrician, I merely want to
make a few comments which will serve to further emphasize
the many pomts you made
I think we may say that most observers m this field
are wn agreement on the following ponts  Pregnancy 1s
safe for the mother, in general There 1s a sigmficantly
high fetal mortality rate—Dr Hurwitz reports 23 per
cent—and an appallingly high total fetal loss, if we mclude
induced and therapeutic abortions, ranging from 30 per
cent to 50 per cent A high percentage of these deaths
occur in the uterus after the 30th week, but it mught be
pomnted out that practically the same percentage in our
sertes occur 1n the neonatal period
Factors, as Dr Hurwitz pointed out, which may favor
the chance of intrauterine death are true toxemia progres-
wve, pre-existing hypertensive disease, keto acidosts, and
then 2 lethal syndrome we are impressed with that Dr
Hurwitz did not mention  This we prefer to call the
hydrammios syndrome Roughly 50 per cent of our dia
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betics will show an excessive weight gam after the 30th
weck, appearance of clinrcal edema, and rapid increase m
the size of the abdomen, with presence of hydramnios At
the same time there 1s an increase i msulin needs, some-
times 25 per cent n a week's time, and there may appear
in the retinas, aneurysms, bleb hemorrhages, or slight exu-
dates This, too, ts a cortisone hike syndrome, and most of
our uterine deaths seem to follow this particular entity

Lastly, there 1s a high madence of breach presentations
and 2 tendency to desultory labor and excessive sized nfants
The diabetic infant seems to be rmmaturely developed and
neonatal death 1s common

On the following prinaiple of treatment we are in agree-
ment with Dr Hurwitz and they are accepted by most
workers in the field Frequent observation of the patient
15 essential  All drabetics experience an increase 1n mnsuhn
need during their pregnancy The patient should be hos-
pitalized immedrately for keto actdosss, true toxXema, pro-
gression of pre existing hypertensive state, and in the
hydramnios syndrome Premature termmation of the
pregnancy 1s indicated where further intrautenne hfe 1s
considered hazardous for the fetus  Cesarean section may
be the preferred method of delivery The mfant must be
considered as a premature

Unfortunately, there 1s no general agreement on the
actual application of these prinaples  The decision as to
the optimum time for delivery 1s indeed a dificult one, and
one can only make this decision after constant observation
of the patient  Even then, unfortunately, the decision must
be made more on expertence and judgment than on any
scientific criterta

Agam, the method of delivery ts a matter to be deaded
on only after the most careful evaluation of the patient
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and the cephalopelvic relationshup  The management of the
patient must be individualized during labor or cesarean
sectton to meet each patient’s need, and the intricacies of the
peduatric care of the infant necessarily demand such care
be relegated only to the most experienced

Unfortunately, there 1s a tendency for all of us,
obstetrician and internist, or pediatrician, to oversimplify
this problem by assuming that one or two of the prinaiples
of management afford the whole answer to the problem
The assumption that premature termumnation of the preg-
nancy at 2 definte ttme m 2ll patients, for example, 36
weeks, or that a method of delivery, for example, cesarean
sectton, 1n itself will alter the outcome of the pregnancy,
overlooks the tremendous variability between patients  Such
a simple concept 1s attractive, but dangerous and deceptive
The value of hormone replacement therapy becomes such
an issue that the need for meticulous and experienced man
agement 1s in danger of being overlooked Unquestionably
the chief proponents of hormone therapy in Boston have
reported the best results with the largest series of patients,
and therr series comprise a significant number of very severe
diabetics It 1s not my purpose to condemn or defend
hormone therapy It 1s my purpose to state categorically
that there 1s a tremendous inherent danger in the obste-
trictan’s assumption that the treatment of the pregnant
diabetic resolves itself into the simple admimstration of
hormones If he were to omut all the general principles
of care that have been formulated 1n the last five years
and discussed by Dr Hurwitz, and merely admmster stil
besterol and progesterone, 1t 1s nconcewvable that the
results would be anything but disastrous

One must view the mherent complexities of the prob
lem to understand why, 1n view of our present knowledge
no substance, time or method of delivery or even excep
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tional antenatal or unlimited pediatric care will solve the
problem  Basically, one 1s dealing with 2 progressive and
vltimately degenerative disease of unknown etiology  The
problems that may further complicate the pregnancy of
diabetic women are also of unknown ettology and may be
fatal to the wfant The obstetrician has not yet learned
to cope successfully with toxemia or hypertension or the
hydramntos syndrome in the nondmbetic mother, nor has
a pediatrician solved all the problems of prematurity and
neonatal life

My purpose then 1s to pomnt out that our knowledge
1s still superficial  'We have merely developed an intwitive
familiarity with the problem  The causes and effects are
still to be discovered by basic research  Certamly we must
continue to look at the problem as a whole and not miss
the forest for the trees

Dr Eomunp L SureviNn (New York, New York)

1 should hike to make a few comments on this controversial
topic I was very pleased to hear the presentation by
Dr Hurwitz and the discussion by Dr Given As was
mentioned we do not have all the answers Dr Pedowrtz
and T presented a paper two years ago, analyzing our
cases from 1932 to 1950 Our statistical results fit in very
nicely with those of Dr Hurwitz  Just recently, we have
restudied the Pregnant Diabetic from 1950 to the present,
and have a series of 67 wiable pregnancies 7 of the
patients received substitutional hormone therapy The
fetalloss was 8 9% 1 fetal death occurred in the hormone
treated group  Tlus represents a marhed improvement 1n
fetal salvage for our wiable fetal mortality prior to 1950
was 22%

It 15 interesting to note that with reduction of fetal
wastage, the inadence of cesarean section rose from
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29 8% 1 the earlier group to 62 7% n our most recent
scries

This suggests that liberalization of cesarean secton
1s one of the factors responsible for our reduction i fetal
mortality

Dr 1 LewenTER (New York, New York) Empha
sis has been placed upon the management of the diabetic
during late pregnancy, but there has been no discussion
of the management of the pregnant woman 1n the early
stages of pregnancy with diabetes without further com
plications  'Would you say a word about that?

Dr Davio Hurwitz (Boston Massachusetts) Dr
Given's observations concerning hydramnios are fanuliar to
all of ns dealing with this problem  YWhen hydramunos
occurs one should be suspicious of some severe congenital
anomaly  Such defects may be picked up by x ray in the
35th week 1 am glad to hear him say that the insulin
need usually goes up during pregnancy because in his paper
1t was not established as a consistent phenomenon Also 1n
tus paper there were eight cases with diabetic acidosts with
several fetal deaths in the group If we control diabetes
to the pomnt where we climmnate acidosis then we can
exclude one possible factor 1n fetal death and heaven only
knows there are plenty of fetal deaths without worrymng
about acidosis as a possible cause

Dr Shlevin's figures are very mteresting It 1s true
that cesarean section does not present the high mortality
that it did 20 years ago when we first started to work on
this problem Pemcillm and better understanding of
thrombo embolic disease etc  have cut the maternal
mortalty down to a figure which 15 far below the 2 per
cent we dealt with n the early part of the series I do
not believe 1t 1s the cesarean itself that saves the baby
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but 1t might be the tendency to advance the clock to earlier
termination of pregnancy

As regards the management of early pregnancy with
diabetic complications, I think patients who have serious
diabetic lications, such as ret: hy, usually have a
very poor chance of getting through and having a Ive baby
Those who have hypertension even without drabetes, run
nto toxemia and often fetal death before the 6th or 7th
month The diabetes should be carefully handled in those
cases so that 1t 1s well controlled as soon as possible  Good
control means urine tests as close to sugar free as possible
without provoking hypoglycemia
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THE EFFECTS OF LIFE SITUATIONS AND EMO-
TIONS UPON THE MANAGEMENT OF DIABETES

Lawrence E HINKLE, Jr

Corpell University Medical College
New York, New York

The management of diabetes mellitus over an extended
period of time requires that the physician control a number
of variables which affect the course of the disorder During
the past 50 years we have steadily increased our under-
standing of these variables Much scientific attentron has
been given to such factors as the amount and kind of food
mntake, the physical activity of the patient, and the type
and amount of insulin which he 1s given The mfluence of
the physical environment upon the patient as expressed in
acadents surgical operations, infectious diseases and other
intercurrent illnesses has been taken into account also
Likewise 1t has been known that the reaction of the patient
to his social environment 1s an important variable which
creates a great number of practcal problems for the phys-
ctan i his attempt to manage the disorder However,
only during the past two decades have attempts been made
to 1dentify and quantitate the nature of the diabetic
patient’s reactions to his social environment, and to try to

techmques for the g of this aspect of

velop
the 1llness

The reaction of an dividual to his social environment
may be arbitranily divided into two major categories Furst,
man reacts to what 1s gong on about hum with manifesta
tions mvolving his mood thought and behaviour In a
broad sense these mamfestations may be constdered to be
the functions of the higher neural centers, especially of the
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cerebral cortex, and they usually are within the realm of
the conscions awareness of the individual  Second, man
also reacts to his soctal environment with adaptive reac
tion patterns which mvolve changes 1 the function of 2
great many other organ systems 1n additron to the central
nervous system  Although these adaptive reaction patterns
are mtiated by stunult which anse m the surrounding
environment, are perceived by the organs of special sense,
and are mediated and orgamized through the central
nervous system, the neural pathways through which they
are mediated do not usually involve “‘conscious awareness”,
and the reactions develop mn a semt automatic manner
which 1s not subject to “will” or “volition” The study
of the reaction of diabetic persons to their social environ-
ment therefore involves a study of both the manifestations
of fechng state thought and behaviour which oceur on a
conscious level, and of the manmifestations of changes n
organ function and in metabolic patterns which occur on
a more or less automatic basis n the absence of awareness

Studies of the mamifestations of mood, thought and
behaviour which occur m assocration with disease syndromes
depend largely upon the accumulation of “historical” or
biographical information regarding what has happened to
the mndividual during the course of his life, and the observa-

tion of this individual and his psychological reaction pat-
terns throughout a period of tme  Such historical data 13
b d by several tech but chiefly by means of

nterviews so designed as to allow the patient to give the
most free and extensive information of which he is capable
without influencing him by suggestton  This 1s supple-
mented by assoctattve techniques which may take the form
of interviews conducted i a special manner or the applica-
tion of various types of psychological tests It also may
be supplemented by the testrmony of records, and of other
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persons who have associated with the person and have
observed him over a period of time Historical data
obtained m this manner gives a picture of the type of con-
dittoning to which an individual has been exposed by the
spectal experiences of his Iife, which are umique for him
It alsa provides a picture of the psychological reaction
patterns which he has extubited m the past 1n response to
vartous sttuations, and indicates the particular situations
which are most potent mn elitting various types of reac
tions i hum  Present observation of the patient provides
further evidence of his psychological reaction patterns and
of his common relationships with the persons 1n his imme
diate environment, including his physician

Duning the past 20 years historical observations of
this nature, using one or more of the techniques described,
have been made by a number of investigators, mcluding
Daniels,! Dunbar,® Mirsky,® Bruch,* Dolger,® W C Men
ninger,® Meyer and co workers,” Rosen and Lidz® and a
number of mdividuals it our own laboratory ® The find-
1ngs of these investigators have been in essential agreement
on several points, which may be summanzed briefly, viz

1 The appetite or polyphagia of the diabetic patient
has important psychologtcal determinants 1n many patients,
especially 1n the more obese group It appears that these
persons were conditioned 1n early life so that eating became
an important substitute gratification for the affection and
approval of their parents, which they felt deprived of for
one reason or another In later life, therefore, sttuations
of boredom, loncliness or imsecurity often provake i these
patients a strong desire for food, which it 1s difficult for
them to resist ‘This has very mportant mmplicatrons m
therapy, because such patients may find 1t extremely diffi
cult as well as very unpleasant to follow restrictive diets
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Often they will resort to deception, to subterfuge or to
open rebelhion rather than attempt to restrict thetr over-
powermng desire for food Itis generally agreed by workers
i this field that less harm 13 done to the patient if one
allows 2 wider latttude in dret and food habats, and attempts
to deal with the appetite problem as a problem n 1tself by
elictting the cooperation of the patent and attempting to
gutde him tnto 2 more direct approach to hus psychological
needs  Pumtive, dogmatic, or rejecting attitudes on the
part of the phystaan are almost universally meffectrve
dealing with the appetite problem 1

Figure 1

Changes 18 food 1ntake and nrine excretion occurring i a diabetic
worman 10 response to changing life situations
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2 Tt has been found that a relatively large number
of disbetic patients especially in the juyentle and adoleseent
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group, have been 1n conflict with one or both parents for
some time prior to the onset of the metabohic illness This
conflict frequently seems to have developed about feelings
mn the chuld of rejectron lack of acceptance and lack of
affection It 1s associated with 2 demanding overdepend
ant behaviour directed at the parent coupled with pertodic
outbursts of anger and hostile rebellion  Studies of the
parents 1n these cases have demonstrated that rejection and
lack of overt affection for the child often are actually
present  Such parents often react to the child s dependant
demanding and rebellious behavienr with annoyance,
further rejection and outbursts of punishment, followed by
guilty feelings assoctated with short periods of overindul
gence, often characterized by gifts of special food or toys
The development of diabetes 1n the child accentuates this
behaviour pattern on the part of both child and parent,
and the child soon begins to utilize the fluctuations of the
illness as a weapon 1n the conflict with the parent The
conflict 1s often greatly exacerbated by the apperance of
the illness, and anxiety and gulty feehngs may become
very promment features of the parental reaction ! 12

These behavioral reaction patterns greatly compli-
cate the management of the patient with diabetes The
patient approaches the physician and his therapeutic regi
men with the same attitude with which he has previously
faced the parent Sullenness, lack of cooperation, forget-
fulness, mability to follow mnstructions or to keep appotnt
ments, subterfuge and ntermttent periods of outright
rebellion may characterize his behaviour toward the
physiian  If the physician reacts with rejecting disap
proving punittve and restrictive attstudes simular to those
which parents have exhibited he may become nvolved in 2
conflict with the patient which completely vitrates all of his
eforts to set up a satisfactory therapeutic regimen Here
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agamn 1t ss generally feft that fess harm 15 done to the
patient 1f the physician 1s witling ta sacrifice some measure
of regulanty and peat chemcal control in the interest of
forming a firm friendly relatonship with the patient Such
a relationship ultunately enables the physician to guide the
patient toward understanding the nature and sigmificance
of his behaviour It also enables hum to lesd the patient
toward voluntanily accepting 2 seguiar regimen as one of
the necessary conditions to good heaith nstead of regaed
mg it as & pumshment nfiscted pon hum by s new type of
parent

Behavioral reactian patterns of the type described may
be so deeply ingramed sn the juvemte diabetic that they con
tinue 0 be repeated for many years m spite of the best
therapentic efiorts of the physioan  Parent<chiid retation
ships Lkewise may be firmly established and relatnely
unalterable, so that the physician must cope with them for
years in attempting to manage s patient  He may sec
them complicate 1 many other aspects of hss patient’s hfe
such as his marriage or his occupation There 1s no casy
salution to such conflicts It 13 2 common mustake of physt
cians to attempt to separate a parent and child who are bt
terly i conflict only to discover that the chiid 1s so
mtensely deperdent upan the parent that the separation s
harder for him to tolerate than the conlcr

3 Mood changes not uncommenly accur m dubetie
persons but are not always mamfest to the casual obsener
Patients often react to the diagnoss of diabetes with dejec
twn hopelessnesy and feclings of bang defeated  Fearful

of future amp blind and early death
may occur  Coma s often seen as a dread complication
which may descend suddenly and without warmng  Such
mitiaf feelings of hopelessness and fear may subnide after
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the individual has become accustomed to his illness and 1s
somewhat more sure of his ability to manage 1t, but 1 some
cases they are replaced by a nonchalant distegard for any
therapeutic regimen, coupled with a bland obliviousness to
symptoms of the disease and to evidence of advancng com
plications which are obvious to other observers Dislike
for the insulin injection 1s almost umversal, although many
patients deny 1t becausc they feel they must have the * right
attitude”  Recurrent pertods of dejection are features of
the course of some patients These usually occur after
significant eptsodes mn their lives such as the loss of some
important person or object, and they are often accompanied
by changes in food intake and an increase i msulin require

ment

Although these patterns of mood, thought and behaviour
have been observed with some frequency in persons with
diabetes there has been no evidence that they are the result
of the metabolic disturbance, or that they are an invariable
concomitant of the disorder There 1s some reason to
believe that the situationally induced stresses which play
a part in the genests of these psychological reacttons may
also play a part m the precipitation of the diabetic syn
drome, but this remamns in the realm of theory at the

present time

In addition to the mamifestations of mood, thought and
behaviour, which affect the course of the diabetic 1t has been
found that adaptive reaction patterns involying metabolic
changes also occur and have ymportant influences upon the
course of the illness It has been mentioned before that
although metabolic adaptive reactions occur in responsc to
environmental stumult such as events and situations, they
are not subject to voliton and therr occurrence takes place
without the mtervention of awareness or comscgusness
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They have been studied experimentally by exposng the
subject to an artdficial situation which hustorieal evidence
has indicated 15 potently stressful for hum or by sumulating
hun through conversation and activated memories to
re awaken lus reaction to former events. Several aspects
of these metabolic reaction patterns are worthy of note

Figure 11
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1 Reaction patterns myvolving the blood plucose level
In non diabetic ndividuals it has been found that stmulus
stnations elicting reactions of anxicty and tension appro-
priate to dealing with potential and undefined dangers, are
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often associated with a shght depresston of the blood glu-
cose, of the magmtude of 5-10 mg/100cc (Figure I1).
The mechamsm of this reaction 1s not known Because 1t
occurs 1 association with a fall in serum morganic phos-
phate, 1t may be the result of an increased uptake of glucose
by the muscular tissues In diabetic patients, especrally 1n
those with labile diabetes, stimulus situations of this nature

Figure III
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and fapdity (Figure ury. Occasmnally the blood glucose
may actually fay) to 2 hypo glycemyc level
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On the other hand, stimulus situations producing reac-
tions of overwhelming fear or anger, appropriate to “fight
of flight” in dealing with d and overwhelmmg
dangers, may produce a rapid rise m blood glucose This
again 1s of greater magmtude 1n the diabetic than n the
non diabetic  This hyperglycemtc reaction appears to be the
result of the mobilization of glycogen from the liver by
epmephrine

2 Reaction patterns volving the blood ketone
bodies 'The ketone bodies, which normally are present
the circulating blood 1 concentrations of less than 2mg%,
appear 1n the blood 1n increasing amounts as a part of the
response to many forms of non specific stress  This increase
in the blood ketones may be elicited by stressful situations
In non diabetic individuals the response 15 not of great
magmitude (24 mg%) and usually appears after stimult
which lead to a concomitant fall 1n blood glucose (Figure
I1) In diabetics the response 1s of much greater magmitude
(up to 20 mg% per hour has been observed), especially
when the subject has been m poor control and has previously
depleted hus liver glycogen (Figure IV)  This increase
ketonemea 1s accompanied by other metabolic changes which
include a rise 1n oxygen consumption and a fall i the respira-
tory quottent It seems to be a part of a general adaptive
reaction pattern wvolving the mereased utihzation of fat
and the sparing of carbohydrate which is evoked by a
vartety of non spectfic stresses

It may be that this glucose sparing reaction 1s precip
tated by the fall n blood sugar It hasa homeostatic effect
with regard to the blood glucose mn that the glucose fall
ceases after the ketonemic response 1s well established If
further glucose 15 ngested at this tune, the blood glucose
may nise to a higher level tigher than it was imtrally  This
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seems to be an explanation of the marked hyperglycerma
which 13 often seen 1o diabetic acidosis  In diabetic subjects
stress situations evoke this ketonemuc response quite rapidly
1t 13 1nteresting that the most potent stumul are those situa

tions of anger and resentment produced when a patient 1s
rejected by a parent figure

Figure V
Druresis ma dtab dividual under stress.
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3 Reaction patterns imvolying water and electrolyte
balance

Changes in the urtary output of water and clec-
trolytes occur m non dizbettc individuals in response to a
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Figure VI
Duurests occurring 10 an aglycosuric diabetic under seress
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variety of stimuli, among which stressful situations must
be included  Situations productive of anxiety are often
accompanied by a water diresss during which there 1s some
increase i the output of sodium chioride (Figure V)

Such situations lead to a similar dwresis 1 diabetics, who
are without glycosunia (Figure VI)  Qute clearly 1t 1s
not dependent upon the presence of glucose n the unine

When 2 drabetic who has already exceeded fus glucose Tm
and 15 excreting 2 urine with a high concentration of glucose
15 exposed to a stimulus situation of this nature, the increase
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tn his diuresis may be large and sustaned  The resulting
foss of glucose, water, chlorides, sodium and potassium 1s
a potent factor in the development of the debydration which
accompanies diabetic keto-acidosis (Figure VII)

Figure VII
Magautude of glucose and water loss 1z a duabetic under stress.
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Figures VIII, IX, X, XI,

The 1nteraction of beh 1 and bolic factors in

the psychological development of a diabetic girl and thewr effect upon

the course of her 1liness. ‘In Figs 1X, X and X1, arrows represent episodes

of ketasis  Those preceded by a dot are those complicated by the willful

cessatson of ansuln Under ‘treatment this girl has now gone for six
years without another eprsode of coma

1Y) 17 YEAR SCHOOLGRL 00 UNTS INSLLN

Faver vomer seumss

RIRG LISORER paSy con SRRt T N STRCT 3 siTERS yenonen
‘CALM, AVESTOHLESS, DOMNTE DOMNEERING, CAPRICIOUS

BrwiE > RARD WORKRIG, FEARFUL. BBV OF FmY

ME STUON SEACTION ATITUE 8 FEELNGS BOOLY Cance:

y  CARED FOR.“SPoven” FamER
BY SSTER LOVES, KTES
ComEser
2 RESENTS Farure.
0 SUPPRT)
5 VERPROTECTED REBELLIXSS
CHLDHOOD IWFECTIOUS
4 acmvry mesmcten et DHoon &
5
6 TTie tson
FREGS®S
NAUSEA, VOMTIG.
7 Seox m RERELLS ol
CAPPENDECTOMY
ABETES SUSPECTEDD
Figure VIII oo
st oo meacTen tovowss B
for s
o g™
W
f
RESENTFUL
oS " RESENTRUL
s v NEW SCHORL UNCOQPERATIVE AFR2O :g‘smss
W NEGHRORI000 ioevRvED) Saet
NOF) 'I
NCREASED RESTRCION H
y
i
@ puares tucNoSED w o
N
WOTHER TERRFED +
NOT FOLLOW O
FO00 mnc&u o Wik
NS
» arears forness
SULEN Ea=g s
Figure IX



Foe AL OFFCIATES.
Favy ARGMENTS

P MvES

v so00

1ot suoweD T oo
@ ot

RS i nER

PACATE SSTeR o0

LEATS M

smemon seacroy

STT3 104 3000, v

ARAMENTS OveR TREENT

Uoher neows TTa
& neont

Denare weTmD

VL & BT
RPPY PN MR
0 CuBaTR

;
]

g
|

E

Figure XI.

155




In actual practice the behavioral reaction and the metab-
olic reaction of the diabetic to his hfe situation are not
separated or seen in pure culture as they may be demon
strated in a laboratory  They occur together and potentiate
cach other (Figures VIII, IX, X and XI}) A diabetic
chuld who 15 pumshed by a parent may become sullen,
dejected, and have a violent outburst of anger, sometimes
accompanied by a temper tantrum with assocrated muscuolar
actinity He may deliberately cease to take hus insulin and
either eat forbidden items or neglect to eat at all There
fore, during this period, mn which hts metabolic reactions of
ketonemta and duwresis are developing, his behavior may
greatly potentiate these reacttons, and the ultimate ketosis
and coma which develops ts the result of the interaction of
all of these factors It 1s obvious then that the therapeutic
approach to the disease must be as broad and comprehensive
as are the factors which cause 1t to fluctuate That 1s to
say, the physician must not only give careful attention to
the pharmacological and chemical treatment of the metab
olic disorders which occur, but must also do his best to
gude the patient into a tranquil relationship with the socral
environment which so profoundly affects his course
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Discussion

Dr HEerBERT PorLACK (New York, New York) It
1s very easy for me to accept the principles that have Just
been discussed When I first started in diabetes 1n 1929,
I 'was a house officer at the New England Deaconess Hospt
tal, in the latter part of the year when the stock market
crash occurred  That afternoon between four and 81X,
we had five admissions of stotk brokers i deep diabetic
coma, precipitated, obviously, by the portend of the actual
crash that occurred in the mormng It didn't take very
long for one to leatn to appreciate the tremendous influence
of emational impact on the daily care of the diabetic  That,
of course, 1s an extreme example, but we see daily i the
office the spats between the children and the mothers I
think we should devote our attention more to the protective
mother of an overprotected child who starts the child off
on 2 bad series of events, rather than paying too much
attention to the child

Dr SamueL G Sro Bobkin (Brooklyn, New York)
In the event the physictan himself has had no basic psych
atric training, 1t seems important that there be two phases
of the treatment of the child in particular  Not only must
the physician take carc of infant exerase, but he must add
education of the parent not only in terms of what diabetes
1s like but 1n terms of the child In terms of the educated
child, 1t seems to me 1t 1s rather important that one make
the child part and parcel of the treatment itself This
particular child should not only learn all about diabetes but
play the part of the physician to himself 1n terms of learn
ing a lot about the history of diabetes the various syringes

and all the technic
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By taking the child 1 as a partner, you not only will
hayve him better under control, it seems to me, but you also
will get him to have more self assurance so that that self-
assurance will act as a bufler against his past history of a
psychiatric nature plus the increased stress that he will have
by the overindulgence and overcare or worry of the parents
because of the inroads of diabetes

Dr Lawrence T Hingie, Jr (New York, New
York) I agree with Dr Pollack that dealing with the
mother 1s important in dealing with the chiid 1 think that
anything that the physictan does to develop 2 warm and
secure relationship between the child and himself 13 good
therapy  Perhaps the second speaker was describing fus
own method of domng this  As T have smd before the
important thing 1s that the physician not develop a punitive,
restrictive, rejecting attitude toward the child  He must
{earn to vegard the bebavior of the child with the same
objective detachment with which he regards the fluctuations
1n the metabolic disorder

It 1s very interesting to me that our observations are
parallel with some of those of Dr Jean Mayer, which he
deseribed this morming and with some concepts which Dr
Long mentioned  That 1s there 1s much about the behavior
and development of patients with the diabenc syndrome
which suggests that from very carly life they have an
wncreased urge to cat  Their need for protection and
dependence may be a parallel manifestation of the same
general drives  Itas of interest that the metabolic reaction
pattern which the diabetic shows 13 the metabolic adaptation
to starvation and that m some respects his behavior 18 quite
umilar to that of partially starved people
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THE MANAGEMENT OF SURGICAL INFECTIONS
IN DIABETES WITH SPECIAL REFERENCE TO
STREPTOKINASE STREPTODORNASE*

W Ross McCarty

New York Untversity, College of Medicine
New York University-Bellevue Medscal Center
New York, New York

The surgical management of the diabetic 1s the same as
¢ 1 the non diabetic providing the diabetes 15 adequately

controlled

Surgery on the diabetic has ncreased in the past few
years for the following reasons —According to some
authorities the incidence of diabetes 15 increasing 1n people
over 40 years of age, the life expectancy of the diabetic has
been prolonged by modern management into the age group
i which surgical conditions are more apt to develop and
improved pre- and post operative care has decreased the
mortality i elective surgical procedures 1n the drabetic
patient

However, the appraach to the pr})blem should not be
taken hightly The widespread :lnenosﬁlcrusxs warrants a
careful evaluation of the cafdiac and renal status cf(clectwc
surgical patients The potential danger of aadosis and
cofna 1s ever present and the close cooperation of the
intermist, surgeon dietician anesthetist and nursing staff 1s
of the utmost importance

The pre and post operative management of the diabette
whether mild or severe, must be precise the anesthesia of
short duration and possessing the least towic and post

« Thus study was supported { n part) through = contract with the Meds

lopment Board of the Office of the Surgeon General
g:p‘:::r;‘e;cthu?nt’;lleD(eY"SopArmy Contract No DA 49 007 MD 457 and with

the U § Poblic Health Service
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operative cffects as possible, and the surgical trauma
mimmal

Emergency procedures present a more difficult problem
In trauma and infection the insulin need 1s increased but,
when possible, the same careful evaluation and stabilization
18 required  Severe infections or collections of pus may be
considered a diabetic emergency and incision and dramage
may have to be performed even i the presence of ketosis

The surgical prodlems in the diabetic are dinided mto
two mamn groups—{a) thosc unrclated to diabetes, and
(b) those related to diabetes

The of surgieal di unrelated to
diabetes, 1n an adequately controlled diabetic, 15 the same
23 1n the non diabetic

The surgical problems which occur as 2 result of the
diabetes are usually those of sepsis and ischemia  Infection
15 resisted pootly by the diabetie, and treatment should be
directed toward its control  While infection can ocour any-
where in the body the common sites are skin lesions, such
as carbuncles, past-operative wound 1afections and by far
the largest group are those infections seen 1n the feet asso-
ciated with ischerma secondary to advanced perpheral
arteniosclerosis

It was m the treatment of these infections that the use
of streptococcal enzymes used alone, or combined with
surgical drainage and debridement were found to be
effectne

Ta und, d the general principles of the therap
use of these enzymes may I bricfly review therr speafic
properties  Streptokinase-Streptodornase (Vandase) are
enzymes, cach of a special type that are produced by the

growth of hemoly tic streptococes in a bactenial culture media
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Streptokinase has the spectal quality of causing the rapid
lysts of the solid clots and coagulums of human bldod As
a therapeutic reagent, therefore, when massive extravascular
bleeding or excessive fibrinous exudation has occurred as 2
result of trauma or disease, the lysis of the solid fibrin has
afforded a means of removing by aspiration or dramage, in
2 rapid manner, the sohd coagulums that often mpede
normal healing processes

Streptodornase has the techmcal chemical name of
desoxyribose nuclease, and acts spectfically on a protem
known as desoxyribose nucleoprotem  This protemn has
been demonstrated by Dr William S Tillet to constitute
up to as much as 70 per cent of the solid sediment of
purulent/exudates It 15 derived from the nucler of cells,
broken down locally by disease or disintegration, and of
spectal importance 1s the fact that this nucleoprotein gives
to purulent exudates the thick, viscous, stringy, coarse
qualities that characterize pus  Streptodornase, therefore,
through 1ts potent enzymatic action, causes a rapid thinning
of pus, which makes possible, through subsequent aspiration
or dramnage, the removal of exudatrve materials of infec-
tional origin  Streptokinase and Streptodornase (Vari
dase) are two independently acting enzymes that cause the
rapid and thorough breakdown, through‘efzymatxc Irquefac
tion of two lly important le proteins that
characterize the pathologic exudation of many diseased
states

Certan practical prinaiples must be followed in_the
proper use of these enzymes to ensure the maximum effect
Direct and sustamned contact must be madedbetween the
enzymatic solution and the area to bi tgr::z ’I;l;‘ls coiln

be > P
:»:';tlhr:nvjycuncavmes, njection and dramagebth;aughlfpi}f.
cthylene catheters or even shallow foot baths e
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discased area 1s not readily accesuble, surgical inaision and
drainage must be carried out to ensure that the deep recesses
of the wound are 1n contact with the enzymatic solution

Damage to living cells has not been observed but the
enzymes should not be njected into solid tissues or ntro-
duced into arcas where serum 13 not present, or where the
fibrinous exudate has not undergone partial liquefaction
‘Thorough removal of the lysed material ss essential  The
action of the enzymes 18 self imiting and when the process
13 completed adequate dramnage by aspiration or gravity
must be mstituted  Because of this self limiting factor,
repeated instillations or reapplication of the enzyme 13
wndicated

It (s important to bear 1n mind the speafic action of each
of these enzymes and to realize that the enzymes will not
act upon or dissolve sohid or fibrous tissue  With this
background of the general prinaiples of the therapeutic use
of enzymes, together with the apphication of sound surgeal
prinaiples a combined approach to suppurative discase was
attempted

The combined enzymatic surgical approach has been
used 1n infections throughout the body, espetially in those
mfections occurring in the feet of the diabetic where the
arculation was impatred, and severe soft tissue infection,
necrosis and ostcomychitis were present

Summary

1 A few of the surgical problems in the diabetic have been
discussed briefly

2 f action  and app! of § k
Streptodotnase have been reviewe

3 The combined enrymatic-surgical approach has been deseribed

4 The effecuveness of this procedure bas been thown

5 The continued use of this method 15 warranted for further
evaluation and study
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Duscussion

Dr WiLriasm Pore (Boston Massachusetts) I should
like to ask three questions (1) In your series of patients
treated with varidase what correlztion was there between
the results obtaned and nutritonal status state of the
arculation, severity of the diabetes, etc , (2) Have you had
any experience with other enzymes such as trypsin or com
mercially available tryptar (3} Was any particular efiect
on granulation tissue noted in the cases treated with
varidase

Dr G Livn (Hempstead New York) 1 should like
to ask whether Dr McCarty used any antibiotics esther
systemically or locally along with the enzymes

Dr WV Ross McCarty (New York New York) All
of the patients were the typical subjects scen tn the aty
hospitals  The nutnitional state varied from poor to good
The blood supply to the loner extremities was poor

It 1s difficult to determine climcally the blood supply to
the impaired imb but wc hase found the blanching test to
be of value

The patients with peripheral disease presented here
today had absent dorstlis pedis posterior tibualis and pop-
liteal pulsations

I have had no experience with trypsin

The gronth of granulations secms to be accelerated
for a short pertod by the use of varidase  The de accelera
tion may correspond to the increase of the antibod es in the
tood servm of the patient  The antibod es usually appear
m 7 to 10 days

1 should have mentioned that the antibiotics are always
admimstered when we use the enzymes  The belief 19—
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though I do not think 1t 1s valid—that 1f the enzymes dis
solve the coagulum mmprisoming the bacteria, the defenses
of the body are removed and protection with antibtotics 1s
necessary

A comparable group treated in the usual manner and
with antibiotics, but without enzymes, did not show the
same results



THE NUTRITIONAL MANAGEMENT OF DIABETES

HERBERT PoLLACK

Mount Stnar Hospital
New York, New York

The mortality rate from Diabetes Mellitus has been
reduced remarkably 1n recent years The introduction of
msulin, the understanding of fluid and electrolyte balances
in the treatment of ketotic acidotic coma, and the use of
sulfa drugs and antibiotics were the most important factors
contributing to this increased longevity The increase 1n
the Ife span and the increasing numbers of people with
dabetes mellitus makes the problem of potential chronic
wnvahidism of prime importance  The whole philosophy of
the treatment of diabetes today paints towards a full and
active life and a sense of well being

Patients are frequently disappointed in the failure of
the achievement of the ability to maintain a full working
schedule and 2 zest for ife  Why 13 there a failure of
realization of this laudable objective?

A brief review of the various phases of diet therapy for
diabetes 13 mdicated At the ime of the introduction of
subin the starvation regimen was in vogue It had been
demonstrated that glycosuria and even ketosis could be
controlled to some extent by the actual induction of mal-
nutrition  The decreased metabolic rate assoctated with
chronie undernutrition probably was the important physio-
logical factor here  When undernutnition was a hfesaving
treatment, 1ts use, at that time, was justified Obwiously,
a malnounished living patient was better than a well fed
dead one  When insulin was introduced, 1t was used in
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connectron with these mimmal diets  The anxieties asso
cated with the process of learming to uvse msulin most
effictently resulted in the retentton 1n use of these minmal
diets  As time went along and experience and confidence
m the use of wsulin was gamned larger and larger amounts
of food were prescribed  The basic concept of under
nutrition however still persisted The attention of the
physictan was so sharply focused on the control of the
carbohydrate phase of the condition that he frequently
lost track of the overall contents of the diet and the state
of nutrition of lus panent It was easter to control glyco
suria with Imited food intakes than with expanded diets
Furthermore the majority of patients being treated for
diabetes 1n the early msulin days were elderly people whose
requirements as will be pomted out later are defimtely
lower than those of children and young adults The mere
keeping altve the few children at that time constituted such
a therapeutic trumph that little 1f any attention as paid to
their future development and nutritional adequacy Today
the problem 1s quite different The difficultres 1n the handling
of the msulins hase been resolyed to 1 great extent The
physician now can turn his attention to the future of the
coming generation of children and young adults with dia
betes mellitus

It 1s axtomatic that good health 1s dependent on optimum
nutrition In order for the mdividual to have a sense of well
being and be able to carry out his duly work the food intake
must assure an adequate supply of nutrients from calorses
to trace elements Variations in the body s ability to store
certain of these essentials lead to a necessary margmn
between mimmal daily requirements and actual recommen
dations In addition one must provide for mereased needs
(it tumies of metabolic stress  The diabetie, as 1s well known
1s peculiarly subject to these metabolic stress pertods The
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problem 1s to set up recommended allowances of nutrients
for the drabetic and to educate the physitian 1n their use

There 1s 2 simularity in the complaints of many patients
wth diabetes to the symptoms associated with chromc under-
nutnition  Fatguability, mability to sustan a good work
output level, asthema, and lack of sense of well being are
some of the common difficulties that make patients beng
treated for diabetes go from physician®s office to physician’s
office seeking relief An mvestigation of the diets consumed
by these patients brought several facts to hight  The com-
monest dict prescriptions for adults of all ages and both
sexes seem to be as shown in Table 1

Table I
Catbobydrare  Procein Fa Catories
150 80 80 1640
180 80 80 1760
200 100 100 2100
150 100 60 1540

The question arose, * was this purely a {ocal situation 1n
New York ity or was the same type of inadequate diet
m general use throughout the country *  An attempt was
made to spot chech survey the diet prescriptions for diabetic
patients in vanous states of the union 34 replies were
recened from different hospitals  About 34 of these hos.
pieals stated that they used the sample diets in the Diabetes
Guide Book for the physician as 1ssued by the American
Diabetes Asscciation  These are shown in Tabte 11,



connection with these mimimal diets  The anxieties asso
ciated with the process of learning to use msulin most
effiiently, resulted in the retention in use of these minimal
diets  As time went along and experience and confidence
mn the use of wnsulin was gamned, larger and larger amounts
of food were prescribed The basic concept of under-
nutrition however stll persisted The attention of the
physician was so sharply focused on the control of the
carbohydrate phase of the condition that he frequently
lost track of the overall contents of the diet and the state
of nutrition of hus patient It was easter to control glyco-
suria with Itmited food intakes than with expanded diets
Furthermore, the majority of patients being treated for
diabetes 1n the early mnsulin days were elderly people whose
requirements, as will be pointed out later, are defimtely
loner than those of children and young adults The mere
keeping alive the few children at that time constituted such
a therapeutic triumph that Iittle 1f any attention as paid to
therr future development and nutritional adequacy Today
the problem 1s quite different The difficulties in the handling
of the msulins have been resolved to a great extent The
phystcian now can turn his attention to the future of the
coming generation of children and young adults with dia-
betes mellitus

It 1s 2xiomatic that good health 1s dependent on optimum
nutrition In order for the indwidual to have a sense of well
being and be able to carry out hus daily work, the food intake
must assure an adequate supply of nutrtents from calories
to trace elements Vartations in the body’s ability to store
certain of these essentials lead to 2 necessary margin
between mmimal daily requirements and actual recommen-
dations  In addition, one must provide for increased needs
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problem 13 to set up recommended allowances of nutnents
for the diabetic and to educate the physician in their use

There 1s a similanty in the complaints of man) patients
with diabetes to the symptoms associated with chrontc under
nutritton  Fatiguability mability to sustamn a good work
output level asthenia, and lack of sense of well beng are
some of the common difficulties that make patients bcmg
treated for diabetes go from physician’s office to physician’ H
office seeking rehief An of the diets
by these patients brought several facts to ight  The com
monest diet prescriptions for adults of all ages and both
sexes scem to be as shown m Table 1

Table 1
Corbobydrare  Protesn Fae Catories
150 80 80 1640
180 80 80 1760
200 100 100 2100
150 100 60 1540

The question arose  was this purely a local situation in
New York City or was the same type of inadequate diet
in general use throughout the country ' An attempt was
made to spot check sursey the diet prescriptions for diabetic
patients 1n various states of the union 34 rephes were
recened from diffierent hospitals  About 4 of these hos-
pitals stated that they used the sample dicts in the Diabetes
Guide Book for the physician as 1ssued by the American
Diabetes Association  These are shown in Table I1



Table II
Composition of A. D A. Sample Diets

Apvirs Carbobydrate
125
150
3 180
4 220
CHILDREN
5 - 180
6 e 250

In the accompanying text to this table there 1s a state-

Procein

60
70
80
90

80
100

Fat

50
70
80
100

80
130

Calot es

1200
1500
1800
2200

1800
2600

ment to the effect that these Diet Lists can be used for
convenience providing they are modified to sutt the special

needs of the individual
tionnare replies that the diets were used without modifica-

tions

One of the large New York hospitals lists several diets

as follows

Carbobydrate
125
150
175
200
250

Table IIT
Protein Fat
75 70
75 70
50 70
83 70
90 77
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Calor es
1430
1530
1645
1772
2000

It was apparent from the ques-



A hospital in upstate New York 1ssues the following
mmeographed dict sheets

Table IV
Carbobydrare  Procem Fa Catories
120 60 30 1000
160 85 100 1880
125 70 80 1500
100 60 55 1200

Time does not permut further detailed reporting of the
results of the survey except to say that the prescription for
the adequate diet was found i the teaching of a few
individual practitioners who are well known in the field of
diabetes

The prime requisite of the body 1s for calortes  The
admsmistration of micro nuirients (vitamins ) in large surplus
will not prevent death from starvanon if the coloric intake
15 tadequate  The calorie content of a prescribed diet
should represent the needs of fully healthy individuals over
long pertods of time to mammtain body weight, rate of
growth and physical actvity

Since the factors that control calorie requirements are
sex, basal metabolic rate, body size, age, activity and
emironmental conditions reference standards must be
defined and the requirements calculated for these standards
Calculations for deviations from the reference umt must
be made when ind, d  The P of a dard
man, woman and child simplifies the teaching but unless
attention 13 pad to the deviations, this method of ealeula
tion 18 fraught with danger
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The standard reference man 1n use today 1s 25 years
of age He weighs 65 kilograms and lives in the temperate
zone He works 8 hours a day, 5 days a week at a desk
He walks about 3 to 5 nules daily and on week ends spends
about 2 hours a day outdeors This man needs on the
average 3200 calonies daily His aty brother on the other
hand does not need quite as many calories to maintain
caloric equlibrum  With mechamzation of transport with
central heating with the difficulties in getting to the out
doors for the calculated 4 hours weekly activity he prob
ably needs only about 2600 calories daily Again 1t must
be remembered that this 1s for the 25 year old vigorous
adult There 1s an approximate decrease in caloric require
ments of about §% for each decade The 45 year old man
in the smaller commumity may need only 2800 calories and
his aty brother only 2350 calories The older people
require proportionately less Men in heavy industry require
proportionately more  The Maine lumberman reputedly
needs up to 6 000 calortes daily in the winter The standard
woman 1s aged 25 years and weighs 55 kgs  She does Iight
housewnork without mechamcal equipments takes care of 2
children and indulges 1 2 hours of outdoor activity each
day of the weekend ‘This woman needs on the average
of 2300 calories dailly Her city sister with mechanical
house cleaning equipment and no stars to cimb requires
proportionately less

The rec ded calornc all es for children must
be broken down into small age groups because of the
rapidity of the changes from year to year There1sa small
decreasing requirement per umit of weight with age but
such a rapid merease in weight that the net result 1s increas
ing caloric requirement for the overall ndtvidual
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Table V
Calorie Allowances

SEX AGE WLIGHT UEIGHT  CALORIES

Yean Xe. s Cam. Ia

2 £ L — 25 &5 41 170 &7 1200

45 (3} " 170 174 2300

65 3] 243 170 67 2400

Female. 25 55 it 157 62 2300

45 55 121 157 121 2000

13 35 121 157 62 1300

Boys . 1012 13 7 1 57 2500

1318 49 108 163 4 3200

15 20 € 19 175 6 1300

G w102 1% 79 (U Ll 2800

131 4 108 160 6 2500

16 20 54 120 162 64 2400

In calculating calorie requirements for mfants the pedia-
trictan usually allows between 100 and 120 calories per
kilogram during the first year The National Research
Council Recommended Allowances for children up to the
age of 13 are set up in Table V. Until recently no attention
was paid to the differences between the sexes until after 13
years of age  Recent cxperimental evidence indicates that
boys actually have a greater requirement than girls by virtue
of their more active play periods

The calorie requlrcmcnts for adolescents presents 2
greater chall g calorse all on the
bass of body size cmly could penalize the undernourished
child  The Food and Agricultural Orgamzation has set up
2 compromisc system of caleulations which forms the basis
for this discussion  The boy of 16 who meght be expected
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to reach the weight of 65 kgs at age 25 should receive 3800
calories regardless of Ius current weight The rate of
growth the appetite and the actual subcutancons fat are
better guides to calorie needs of this group than any arbi
trary table  Remember that chuldren and adolescents spend
only 30 hours a week for 9 months a year mn school
About 20 hours a week eating and 60 hours a week sleep
ing A total of 110 hours 2 week m sedentary time  That
leaves 60 hours a week of high activity for the 9 school
manths and about 100 hours a week of high actwvity the
other 3 months

This review and calculation of calorie requirements
serves to re emphasize that the present diets in general
use for diabetic patients may be barely adequate for the
4§ year old group  For the decades older than 45 they are
definitely adequate and for the elderly they may supply too
many calortes On the whole however they are deficient
1n calories for the working young adult male and borderline
for the young adult female For children and adolescents
they are grossly deficient  As the practitioner of medicine
knows the group of patients most difficult to teach adherence
to a prescribed diet are the children and adolescents It s
the rare adolescent who adheres faithfully to the usual diet
prescription  They are aceused of being compulsive eaters
and of bemng rebellious of developing hostility towards
parents and phystcian because of the food imitations They
react by overeating all the forbidden fruts  Perhaps this
1s 1n large part our own fault If the diets we prescribed
were sufficient to satisfy the tremendous hunger of the
adolescent they would not have the craving for extraneous

foods

My plea and m
the same amount o

y practice i to teach these peaple to eat
£ food as non diabetics of the same age
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and sex categories  The cooperation sn return ss excellent
Insuhin dosage can be caleulated with greater accuracy than
when the child eats sumptuously i 2 hit and run masner
They must be taught to select the foods with a mmmum of
free sugar, It 13 necessary at times to allow some.  After
all, the frust jusces have been prescribed uince the days of
msuhn The rapidity of the mvalabslity of the sugars n
frurt jurce 1s mantfested cinically by the prompt response
of hypoglycemia to ther ingestion  Sucrose solutions rase
the blood sugar concentration at about the same rate as
fruse juices for all chmcal purposes  When coffec with
sugar 13 taken after a meal st provokes less glycosuna
than orange jmee taken tmto an empty stomach at break
fast time  Such foods as rce<cream which contan about
105 butter far and free sugar are empuied from the
stomach at a slawer rate and provoke no more glycosuria
than frusts

‘The consumption of 3800 calorics in three convenuonal
meals 1s a difficult task for an adolestent  Thes means that
betnecen meat snacks must be provided to supply the extra
calories  In actual practice this ss indeed a happy uroum
stance for two reasons  One the youngster or young sdule
¢can then join s poraries 1 thar 1 about
the snack times and, two, 1t facilitates wmsohn efficieney It
13 virtually imposuble to control glycosunia with a single
wjection of long acting or sntermediate actiag wsulin of
the meal division 13 in three comventicaal unsts  The post
prandial plethora exceeds the curremtly avadable msubin
supply  When the food intake 13 spread out over longer
periods of time up to at least 14 hours of the day, and more
umformly distributed, than much better control of plyco-
suria 18 posuble  The physican 13 emabled to prescribe
Iarger morming doses of wuhin and knows that the between
meal hypoglycentic danger 13 muinmuzed because the food
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avallability then coincides more closely with the nsulin
avallability  Even at that, i order to prevent post break
fast glycosurias, supplementary msulin of the rapid acting
type 1s usually necessary at the higher food ntakes My
patients prefer the extra stick and the full stomach to the
bungry feeling and guilty conscience of eating forbidden
frut  What I say here 1s not new to most of you, 1t merely
formalizes the facts and gives substantiating information
based on the newer knowledge of nutrition

There are other nutrittonal problems related to the
daily care of the diabetic patient One of these 1s the
adequacy of his protemn intake for maintenance, and in
rehabilitation after periods of catabolic decontrol of car-
bohydrate metabolsm  The National Research Council
Recommended Allowances for protem for the male adule
1s 65 grams, daily for the female adult 55 grams daily,
for children from 1 year to 15 years 1t ranges from 40 to 85
grams daily but for the male adolescent 1t goes up to 100
grams  These figures are predicated upon adequacy of the
caloric intake  The protemn needs are relatively high dur-
ing pertods of active growth (about 3 grams) per kilo,
and lower during periods of slow growth (15 grams/kg)
and in adult Life about 1 gram per kilogram body weight
The presence of the disease Kwashiorkor in children in many
parts of the world 1s evidence of the vulnerability of grow
ing children to poor protein intakes

In actual practice 1t 15 safer to give the diabetic patient
tugher protein allowances than those prescribed for normal
individuals It has been demonstrated many times that
ketosis even of the mild type 1s associated with a negative
n balance or depletion of body protems  During
s of ketotic acidosts and coma the mtrogen losses
y be n the order of the equivalent

nitroge:
episode
are tremendous and ma
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of 100 grams or more of protein an hour This means that
after every episode of hetosis a distinct effort must be
made to replemsh these losses as rapidly as possible in order
to avoid any long ttme deleterious effect  ‘The nature of the
amino aaid requirements to replemsh these protein losses
are unknown In accordance with the law of the mimmum,
no amino acid mixture 1s more efficient than the least amount
of the essential amino acid present  Therefore 1t 1s neces-
sary to supply 2n excess of mixed proteins in order to msure
the adequacy of the amino acid mixture  The protein allow-
ance of the diabetic adult then should be in the order of
100 grams each day and for the children and adolescents
proportionately as high

With respect to the micro-nutrients, or vitamins and
trace munerals, 1t can be said that the diabetic diets with
the accent on fruits and vegetables usually have sufficient
of these protective elements To date there 15 no sub-
stantizted evidence that the diabetic population suffers from
general vitamm deficeencies  The one exception must be
pointed out  During the catabolic episodes there 15 evi-
dence of large losses of nboflavin  These can be replaced
only during the times of protein deposition 1n the rehabilita-
tion perjods  Supplementary vitamn therapy has the same
indication mn the diabetic 25 1n the non-diabetic

A brief summary of the suggested recommended allow-
ances for the diabetic 1s given in Table V. This table 1s
based upon the Recommended Allowances of the National
Research Counal's Food and Nutrition Board and the Faod
and Agriculture Orgamization of the United Nations It
1s recogmzed that these figures are purely tentatise pend-
ing further experience
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avallability then concides more closely with the nsulm
availability  Even at that, n order to prevent post break
fast glycosurias, supplementary msulin of the rapid acting
type 1s usually necessary at the higher food intakes My
patients prefer the extra stick and the full stomach to the
hungry feeling and guilty conscience of eating forbidden
frmt  What I say here 1s not new to most of you, 1t merely
formalizes the facts and gives substantiating information
based on the newer knowledge of nutrition

There are other nutntional problems related to the
daily care of the disbetic patient One of these 1s the
adequacy of his protemn intake for maintenance, and mn
rehabilitation after periods of catabolic decontrol of car-
bohydrate metabolism The National Research Counal
Recommended Allowances for protein for the male adult
1s 65 grams, daily, for the female adult 55 grams daily,
for children from 1 year to 15 years it ranges from 40 to 85
grams daily but for the male adolescent it goes up to 100
grams These figures are predicated upon adequacy of the
caloric intake  The protein needs are relatively high dur-
g pertods of active growth (about 3 grams) per kilo,
and lower during periods of slow growth (1§ grams/kg)
and 1n adult life about 1 gram per kilogram body weight
The presence of the disease hwashiorkor m chuldren in many
parts of the world 1s evidence of the vulnerability of grow-
ing children to poor protein intakes
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ketosts even of the mild type 1s associated with a negative
mtrogen balance or depletion of body protens  During
episodes of ketotic acidosss and coma the nitrogen losses
are tremendous and may be m the order of the equvalent
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are unknown In accordance with the law of the mimmum,
no amino acid mixture 1s more efficrent than the least amount
of the essential amino acid present  Therefore 1t s neces-
sary to supply an excess of mixed proteins 1n order to msure
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100 grams each day and for the children and adolescents
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With respect to the micro nutrients or vitamins and
trace munerals, 1t can be said that the diabetic diets with
the accent on fruits and vegetables usually have sufficient
of these protective elements To date, there 1s no sub-
stantiated evidence that the diabetic population suffers from
general vitamin deficiencies The one exception must be
ponted out During the catabolic episodes there 1s evi-
dence of large losses of riboflavin  These can be replaced
only during the times of protein deposition in the rehabilita-
tion pertods  Supplementary vitamun therapy has the same
indication m the diabetic as n the non diabetic

A brief summary of the suggested recommended allow
ances for the diabetic 1s gtven 1in Table V. This table 1s
based upon the Recommended Allowances of the National
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availability then concides more closely with the msulm
availability  Even at that n order to prevent post break
fast glycosurias supplementary 1nsulin of the rapid acting
type 1s usually necessary at the higher food intakes My
patients prefer the extra stick and the full stomach to the
hungry feeling and guilty conscience of cating forbidden
frat  What I say here 1s not new to most of you 1t merely
formalizes the facts and gies substantrating information
based on the newer knowledge of nutrition

There are other nutrittonal problems related to the
daly care of the diabetic patrent One of these 1s the
adequacy of his protemn intake for maintenance and in
rehabilitation after pertods of catabelic decontrol of car
bohydrate metabolism  The National Research Council
Recommended Allowances for protemn for the male adult
1s 65 grams daily for the female adult 55 grams daly
for children from 1 year to 15 years 1t ranges from 40 to 85
grams daily but for the male adolescent 1t goes up ta 100
grams These figures are predicated upon adequacy of the
caloric intake  The protemn needs are relatively high dur
g periods of active growth (2bout 3 grams) per kilo
and lower during pertods of slow growth (1§ grams/kg)
and 1n adult Iife about 1 gram per kilogram body weight
The presence of the disease hwashiorkor n children in many
parts of the world 15 evidence of the vulnerab hity of grow
ing children to poor protein intakes

In actual practice 1t 15 safer to give the d abetic patient
higher protemn allowances than those prescribed for normal
individuals It has been demonstrated many times that
ketosts even of the mild type 1s associated with a negatve
mtrogen balance or depletion of body protemns During
episodes of ketotic aadosis and coma the mtrogen losses
are tremendous and may be 1 the order of the equivalent
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Inctudes discusstons of nutnitional factors related to intestinal
absoxpuon, of autritional aspects of hepauc d;sease, of pancreatic

of colitss, of
nutrition 10 tissue devitaltzation and mam(tnance, of induced
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