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Preface

1t was my original thought to entitle this monograph “Diabetes Melhtus
m Children” It soon became obvious that this entity could not be treated
without presentation of the fundamental alterations 1 ntermediary me-
tabolism as they arc now viewed nor without drawing comparsens and
contrasts betneen the chinical mamifestations and characteristies of dia-
betes in children and in adults Then too, 1t 15 amply establiched that sur-
vival of the juvenile diabetic 18 only part of the goal and that many of the
problems whch hie beyond the eluldhood and adolescence of the diabetic
are common to all dhabeties For theve reasons it seemed {ar more desenp-
tive to use the title * Diabetes Mellitus, with Emphasis on Children and
Young Adults”
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CHAPTER 1

The Metabolhism of Toodstuffs
and the Defect in Diabetes Mellitus

The survival of any mammal involves the maintenance of body tempera
ture within narrow limits transfer of nutrients for replacement reparr
or growth and release of sceretions ind other produets of ccll activity wath
subsequent transport to ather t1 sues or to the external environment These
processes all require energy Furthermore any somatic activity or the
movement of the orgami=sm as a whole al<o requires energy to overcome
mertia frichion and gravity The cnergy for these processes is all obtamed
by enzymatic action from arganie compounds 1n food and ultimately from
the sun whieh provides the energy for their synthesis (1a-d)

1In the past four or five decades the science of brochemustry has provided
remarkable msight 1nto the energy transformations that characterize v
ng tissues Segments of this knonledge of the mctabolism of the chief
foodstuffs made available by the biochemist to the chimeran and especially
germane to an adequate understanding of diabetes mellitus will be briefly
presented in this chapter Detailed reviews of metabolism and metabolic

terrel hips are 1 leewhere (le-0)

I The Fate of Dictary Carhohydrale
A Digestion and Absorption

Enzymes for the hydrolysis of the complex earbohydrates m food such
as starches and dextrins to simple sugars arc present in the saliva in the
gastne Juice and i the of the and the 1 mu
cosa In the Jeyunum and 1leum glucose fructose galactose and other
dictary saccharides are absorbed by an active process possibly mvoelving
phosphorylation as well as by diffusion and enter the eapillanies of the
portal system (2a-d) It has been shown that the rate of absorption differs
for cach of the sugars and ises to a maximum of approvimately one gram
per kalogram of body weight per | our as an mncreased amount of & particu
lar sugar 13 precented (2e f) This rate of absorption may be altered by
several factors diseussed i cubsequent chapters of this text <uch as thy
Tod activity adrenocartical sceretions and discases such as sprue and

3







CHAPTER 1

The Metabolism of Foodstuff<
and the Defect in Diabetes Mellitus

Tte czrival of a=v mammal iy olves the mantenance of body tempuras
ture w1*hm rarrow L, transfer of nutnents for nplacement repur
or growth, and refease of <eerctions and other products of cell actiaty with
<ubsequent transpot to other ti-sues or to the external environment. These
proce<cez all requure exergy Furthermore amv somatie actiahy or the
movemert of the o-gamrm as 4 whale al o requires enery to overcome
merhia friction and gravity The energy for these proce~ 313 all of tatned
by enrymatic action frem orgame compounds 1 foed and ultimately from
the sun which prowvides the energy for ther syvntheuis (1a-d)

In the past four or five decades the <cience of biochenu try has provided
remarkable 1psight 1nto the energy transformations that characterize In
ng tissues Segments of this knowledge of the metabolism of the eluef
foodstuffs made available by the brochemist to the ehimeian and ¢ peeanlly
germane to an adequate under<tanding of dtabetes mellitus wall be trelly
presented 1n this chapter Detailed reviens of metabohsm and mdtal olie
nterrelationships are available elsewhere (le-o)

I The Fate of Dietary Carhohydrate
A Digestion and Absorption

Enzymes for the hy droly «is of the complex carbohy drates in foo 1 such
a3 starches and dextrins, to simple sugars are present in the salinva 1 the
gastric juice and 1n the secretions of the pancreas and the intestinal iy
cosa In the jejunum and ileum glucose fructose galactose and other
dietary =acchandes are abeorbed by an active process possibly imvolving
phosphory lation as well as by diffusion and enter the camllaries of the
portal system {2a—d) It has been shown that the rate of aborption differs
for each of the sugars and nses to & maxtmunt of approvimately one gram
per kilogram of body weight per hour as an mereased amount of a partien
lar sugar 1s presented (2 f) This rate of absorption may be altered by
several factors, discussed 1n subsequent chapters of this text, such as thy
rord actavity, adrenecortical sceretions and discases sueh as sprue and
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4 BIOCHEMICAL AND HORMOVAL ASPECTS

celiac disease as well as by starvation, the fat content of the diet, and the
presence of other sugars (2f)

B The Metabolic Fate of Glucose

Within the body flurds the chief dietary monosacchande, glucose, may
enter one of several metabolic pathways onee 1t has crossed the cell mem-
branes, or <o-called “cytostructural interfaces” (3a) During this passage
through the cell membrane, or shortly thercafter, glucose 1s phosphory lated
1¢, acquires o phosphate group through the mediation of the enzyme, hexo-
Linase, and a high energy phosphate compley, ad hate or
ATP (3b) The role, if any, of the anterior pituitary and adrenocortteal
steroids 1 this process of phosphorylation, remans controversial (3c-e)
This phosphorylated dernative, glucose 6 phosphate, ean then be con-
verted to glucose 1-phosphate and glycogen, 1t may enter the glycolytic
cyele for degradation to pyruvate or 1t may be catabolized to phospho-
gly ceraldehy de v1a the hevose monophosphate <hunt The hexose mono-

STARCH DEXTRINS
POLY TRI DI, AND MoNO
SACCHARID]
OF DIET

" GLUCOSE
MUSCLE + TISSUE GLY%LYsls\ HEXOSE
GLYCOGEN

MONOPHOSPHATE
SHUNT

CONVERSION TO FATTY /

ACIDS AND NoNl:ss:Nruu.l N
0 AC!
AMINO ACIDS ITRIC ACID

{cu: I

Fia 11 Parrwats o GLucose MEerwoLisst
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phosphate shunt appears to be & major pathway of glucose ¢atabolism
the ner These various possibilitics are shown diagrammatieally mn figure
1-1 The retrograde reaction (glucose 6 phosphate — glucose -+ phos-
rhate) may also occur but 1t does not of course represent a step in the deg-
radation or disposal of glucose

1. Conversion to glycogen Glucosc 6 phosphate derned from glucose
or from other monosaccharides such as fructose or mannose, or from other
sources such as Jactic acid, amino aexds or glycerol can be converted to
glucose 1 phosphate and lard down n hiver sheletal muscles, and other
tiseues as gly cogen Glycogen 1s a polymer of glucose conuisting of glucose
molecules limhed at earbon atoms one and four in the chain and one and
s1x 10 the branches to provide a complex molecule with a molecular weight
1n exeess of one million and perhaps in excess of four rmllion (figure 1-2)
{4a-f) The rate of storage of glucose as glycogen depends upon the store
of Iner gly cogen and the availability of <upphies of carbohydrate Gly cogen
storage 15 under the influence of nsulin phosphorylase adrenocortical
steroids glucagon epinephrine clectrolytes and other vanables It may

Fia 12 Brarcrive oe Grycooey Motscuts
Model of segment of muscle glycogen based on results obiamed by stepwise
enzymatic degradation O ©, and @ glucose residues removed by first second
and third degradation with phosphors lase respectrely @ glucose residues removed
by amylo-1 6 glucomdase Of five ters three were degraded corresponding to 122
out of 150 glucose res dues (from Larner Illngworth Con anl Con {4b) with kind
permission of autbors & publshers)
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GLYGOGEN 4 PHOSPHATE

arp  GYUCOSE I PHOSP IATE(CORI ESTER)
eLucosE vy s
cLucose
GLUCOKINAS (ROBISON ESTER} M
-
ATR
Fi FRUCTOSE &
FRUGTOKINASE (NEUBERG ESTER}

FRUCTOSE 6 DIPHOSPHATE
{HARDEN YOUNG ESTER)
3 GLYCERALDEHYDEPHOSPHATE
T § DIPHOSPHOGLYCERALDEHYDE
1 3 DIPHOSPHOGLYCERIG ACID
-
3 PHOSPHOGLYCER C ACID

2 PHOSPHOGLY ~ERIC AC D

TRIOSE PHOSPHATES

PHOSPHOPTRUVIC ACID

//P"uvxc Acw
ALANINE ACETYL Cor OXALOACETATE LACTIC ACID
Fra 13 Guycouysis
Transformations are shown 1 accord with the schema of Embden Meyerhof Parnas
(11 51) End products of pyruvic acid represent current views

be affected by diceasc states such as hyperthyroidism eirrhos:s, and dia-
betes Supplies of blood glucose can be replenished from liver glycogen
directly by glycogenolysts as follows
Liver gly cogen — glucose 1 phosphate —» glucose 6 phosphate
— glucose + phosphate

The glycogen stores of muscle on the other hand eannot contribute di
rectly to blood glucose because glucose 6 phosphatase 1s lacking i musele
Lactic acid 1s therefore the end product of glycagenoly<is However, once
the lactic acid leaves the muscle and enters the liver 1t can be converted
to blood glucose or to iver gly cogen (le, 4g) This has been called the Cort
eycle

Musele glycogen — Lactie acid

Toliver  Oher products of glycolysis
< Blood glucose
Glycogen

2 Degradation by glycolysis (anaerobic phase). Many compounds
have been identified as intermediates mn the glycols tic scheme of Embden-
Meyerhof-Parnas (11, 53, b) Some of thece are listed 1n figure 1-3
Glyeolysis may be described briefly as & process whereby glucose phospho
rylated at the number six carbon 13 converted to fructose 6 phosphate,
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phosphorylated 1n turn to fructose-1,6 diphosphate and then sphit into the
first of a series of three carbon dern atives which are ultimately converted
to pyruvate In this conversion of fructose-1,6-diphosphate to two mole-
cules of pyruvate energy 1s generated and stored 1n the form of ATP
Sinee all the enzymatie reactions of the glycolytie schere are freely
reversible, pyruvate can go back through the gly colytic cycle all the way
back to glycogen or, n the absence of oxygen, be comerted to lactic acid
Tt can be transformed to the amimo acd alamme by the addition of an
aming group (! ) and to oxal acid by the addition of
CO2 Most unportant of all, 1t may be converted to acetyl CoA (I, k, 1,
5b} Thus last process 1s wreversible Acetyl CoA 1n turn may serve as &
building block in the synthesis of amino acids, of fatty ncids, hetone bodies
and other products such as the steraids, or, and this 13 the major pathway,
1t ¢an be oudized to COz and H20 via the eitnie acrd cyele of Krebs (6a, b)
3. Degradation via the hexose monophosphate shunt. The studies of
Bloom, et alhave mdxcaled tlmt mihe ln er some 75 per cent of the glucosc-
13 d d to p b hyde after passmg through
phosplmgluconnte, ribulose, and nbose {7a-d) At this point the phospho-
glyceraldehyde re enters the gly colytic eycle for subsequent transforma-
tion to pyruvic seid (figure 1-4) The quantitative significance of this shunt
n the over all metabolism of carbohydrate 1n vivo 18 unknown In wiro
studies indicate that this pathway represents only a small part of the total

GLUCOSE & PHOSPHATE
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Y
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-

PYRUVIC ACID
Fio 14 TEX0SE MorornospiaTe (PHOSPHOGLUCONATE) SHUAT
The shunt 19 on alternative pathwey for transformation of glucose§ phosphate to
phosphoglyceraldehyde (7c, d}
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carbohy drate metabolism 1n striated musele and 1 bram (7b) In bovine
cornea 1t accounts for 35 per cent (7c)

4. Entry nto the Krebs citric acid cycle (aerobic phase). Figure 1-5
depiets a simplified version of the Krebs cycle in which the chief interme
diates are outlined This 1s the final common pathway for the degradation
of carbohydrate, protein, and fat Acetyl CoA enters the Krebs cycle by
condensing with oxaloacetic acid to produce a six carbon molecule, aitric
acid The conversions of ertric acid to alphaketoglutaric aeid and of the
latter to suceimie acid, each release a molecule of CO  The net effect 1s the
oxidation of acetyl CoA to CO, and H:0 and a generation of energy Most
of this energy 1s stored in the form of Ingh energy phosphate bonds (ATP)
and thus 1s available to perform chemical work, 1¢ synthesis of cell con-
stituents, active transport, absorption, ete (6a, b)

IL The Intermediary Metaholism of Amino Acids and Proteins

A diet adequate m protens, and adequaey will be quantitated later,
provides certain essential ammo acids as such or i the form of polypep-
tides 1n amounts suflicient for the eonstruction or reconstruction of tissue

a

Jomvcronxr

OXALOACETATE
o N
MALATE + ACETYL
7 Y Cor
CITRATE + CoA
0

FUMARATE + 21
! €IS ACONITATE 4 Hz0
! ]
|
SUGCINYL  Coa 4 2H +COp
N+ cor

)
150 CITRATE
OXALOSUCCINATE 4 2H
S L
S
ALPHA KETOGLUTARATE
+coz

1,0 + €Oz + ENERGY

ACETYL Cor | HICH » X
ENERGY THIO £S

acio ADINDSINE TRIPIOSPHATE (ATP}
CONSISTING OF PANTOTHENIC ApENosIiS TiPIOSPH

ADENCSINE DIPHOSPHATE AN!
ETHYLAMINE WITH ACTIVE SH
GROUP (BETA MERCAPTOETHANOLAMINE}

Tie 15 Traxsrorwamions Wirmiy TEE Keess Crce (5b, 6b)
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proteins Other nonessentsal amuno netds can be synthesized from carbo
hydrate or other sources provided ealoric intake 15 adequate Conversely
amuno acids taken 1n excess and not incorporated 1nto protemns are de
amenated 1n the Iiver and their carbon chains transformed into earbohy
drate fat or even into other amimo acrds It has already been ndieated in
the preceding section of this chapter that earbohydrate thus formed ean
be deposited as glycogen or eatabolized to CO and H.0 Also certain
amino acids ean enter the Irebs ¢y cle through transamination the process
wlereby the amino group 13 transfcrred to an alpha hetoacd {6b) A
readily avaslable supply of energy as a result of the breahdown of acety]
CoA makes § ossible the de not o syntheus of proteins (Im)

A The Hydrolysis of Proteins wn the Gastromtestinal Tract and the As
sinulation of Polypeptides and Anuno \auds

A number of gastrointestinal enzymes are capable of hydrolyzing the
peptide hinkages of protemns (—CONH—) with formation of amino acids
and peptides These inelude the pepsin and renin precent in gastric scere
tion and maaimally effective 1n acid <olutton and the trypsin and chymo
trypsin of the panereas and the succus entericus » hich function most effec
trvely in alkahine solutions There 1s non ample evidence that not all of the
mgested protein must be sphit into amino acids prior to absorption (8a)
The individual amine acids and pols pephides enter the portal circulation
¥1a an unidentified mechanism and reach the Iner and thenee the sy stemie
cireulation

B The Metabolic Fate of Amino Acids

1 Tncorporation nto protemns The turnover of protemns 1n tiscues
occurs at a half Iife rate of some 80days and much more rapidly 1n plasma
averaging 10 days 1n the case of albumn (8b) Appropriate amounts of
all of the 25 or more amino acids are probably necessary for protein syn
theais (8c) Transfer across the cell membrane and concentration withm
the eell 15 effected by an amno acid pump mechanism (8d) Protemn 1s
then sy nthesized largely and perhaps entirely within the microsomes of the
cells (8e)) (figure 1 6)

2 Transformation or degradation m the Liver, kidney, and in other
#ites ¢ Transamination 19 a brochemieal process in which the ammo group
of an amino acid 1s transferred to an alpha ketoacid with formation of a
new amino acid and an alpha ketoacid possessing the earbon cham of the
i bal anmno aetd Thus the transammation of alamne and alpha hetogli
tarate reylts i the formation of pyruvate and glutamate This important
reaction provides a hink between earbohydrate and protein metabolism
aud represents a mechanism for the sy nthests of amino acids from carbo
hydrate intermedrates (8k)
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b Deamnation and degradetion In the hiver, ceriain of the amino acids
are converted to glucose following deamnation (81) The following amino
acids have been shown to be glycogeme or gluconeogenc, 1e giving rise
to liver glycogen or mn the phlorizintzed animal to urme glucose glycine,
serine, threomne, vahne, glutame acid, aspartic aeid, proline, hydroxy
proline, listidine, arginine, methionne, cystine, and tryptophan Leucine
15 the one ammo acid that 1s *olely ketogente, 1e productive of urme hetone
bodies m the phlortzinmized ammal Glycogenie and hetogenie ammno acids
1nclude alanme, 1soleucine, phenylalanine, and ty rosine

The released amino group 1s 1n turn transformed mnto urea via the ar-
ginine extrulline ormthine cyele (8m) In the kudney glutamine becomes
the source of ammonia and the ammonium 1on s0 ymportant 1n conserving
certain body electrolytes as the need anses (8n)}
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C The Dietary Adequacy of Food Protemns The Concepls of Essential
Amano Aads and of the Darly Protein Requarement

The studies of Rose and lus collaborators have established that only
certain of the amino acids present i body tissues ean be synthcslzed from
protemn and sors The der have been called “essen-
tral", referring of ceur«e to the fact that they must be present preformed
1n the diet Obviously the human organism docs not have the armamen-
tanum for the biosy nthesis of these compounds The group includes 1ahne,
leucine, 150l methiomne, th , try ptopt 1y sine, and phenyl-
alanme (9a-1) The remamder are termed nonessential smce they can be
synthesized and need not be obtamned from evogenous protem sources

1. Amino acid mixtures versus whole proteins in maintenance of
nitrogen equilibrium, This partitioning of the armno acids has been
based largely upon the demonstration that the balance of body protein
becomes negatiie, 1e mtrogen loss 1s greater than intake, unless each of
the essential amino acids 18 present 1n the diet in amounts above certain
mntmum 1alues After many years of such studies st has become evident
that whole unhydroly zed proteins are more effictent 1n the muntenance
of mtrogen balance than are the constituent amino acids obtamed by hy-
drolysis (9)-1) This has given nee to the suggestions that cither di- or
poly peptides from partially digested protemn are more effectsvely utihized
or that the feeding of whole protein augments mitrogen retention This fac-
tor has been called the strepogenin effect The recogmition of the existence
of this cffect will necessstiate a revision of the estimates of the mimmum
d:etary requxrcments of the mdivdual cssentml ammo ncnds

P Towi

in pro-
lem intahe. Anothcr relcm\cl) recent finding has further modxﬁcd the
views of the nutritionist coneermng balances of body protemn and mitrogen
It has Jong been advoeated that the adult diet <hould include one gram
of “good protein”, 1 ¢, one which contains essential amino acids 1n switable
ratios, per kilogram of body weight This recommendation arose 1 part
from the observation that with lesser amounts the balance of body nitrogen
becomes negative, 1 e, more 13 excreted 1o urine than 1s pre<ent 1n the diet
This would be logieal provided such losses were to continue unabated
This 18 not the case however Thus, patients placed on regimens restrcted
1n protein, such as the rice diet, ultimately again achiey e nitrogen balance
(intake = outgo) on a protein ration of 25 grams each day or approvi-
mately 03 gram per kilogram of body weight (10a~-¢) This 1s 1n keeping
with the Lnowledge that much of the world survives on a protem ntake
of less than the Amencan so called * optimum” At this point 1t behooves
us therefore to recast our views and to cstablish the revised optimal intake
value which will surely fall above the 1ntake which produces liver discase



12 BIOCHEMICAL AND HORMOVAL ASPECTS

in the Bantu and which may well be below the aceepted mtake which leads
to maximum growth It still remams to be establiched that mavimum
grow th per se 15 an advantage Indeed 1t may ultimately be proved that
sumilar to obesity maximum growth carries unnecessary handicaps with 1t

II Fats

Dictary hpids consist of neutral fats (esters of glycerol and fatty actds
1e mono di, and triglycenides) free fatty aeds sterols of ammal and
plant onigin (the Jatter are not utihzable by the human organtsm but may
influence the fate of cholesterol) complex fats such as the phospholipids
lecithins cephalins and cerebrosides and finally waxes whieh are largely
unassimulable Most ind perhaps all of these re not ¢ sential components
of the diet because in contrast to sts Iimited ability to synthesize amino
acids the body sppears to be able to synthesize all or almost all of its fats
from the other foodstuffs The provico must be mserted 1n the hight of the
demonstration that Jioleic lhinolenic and arachidonic acids must be m
cluded 1 the diet for the well being and groomung of the rat (11a) The
general nonessentiahty of the fats or ipids per se does not mean that they
are not vital for the bodtly economy but only that the organtsm 1s 2ble to
derive the vital liprds from other precursors Fats provide two and one
quarter times the energy (mne calories per gram) obtatnable from 1dentical
amounts of carbohydrate and protein The chermcal nature and degree of
unsaturation of ingested lipids modifies the type of hpid laxd down as
depot fat (11b) Finally we bave just begun to recogmze the deletersons
effect of an unnecessarily high intake of calories from fat or the intake
of excessive amounts of partrcular fats upon the mncidence of cardrovascu
lar diceases diabetes melhitus arthnitis and gall bladder disease( 11c d)

A Dugestion and Absorption of Fats

Lapases or enzymes which break down glycerides mto the component
gly cerol end fatty acuds are present in the sceretions of the stomach pan
ereas and small bowel but hy droly sis in the rntestine necd not be complete
for absorption to occur( 122 b) The glycerides fatty acids glycero] and
cholesterol are then absorbed by the lacteals within the intestinal vall: and
enter the lymphatic drainage system of the trunk via the thoracte duct
Fatty acids may enter the portal veins directly However the bulk of the
assimilated fats by pass the Iner upon absorption and reach this organ
only after a partaal airemt, through the systemie exreulation

B The Role of the Lwer and Tissues i the Metabolism of Fats

Fatty neids ultimately reaching the Iiver from dietary sources or tssue
depots are canverted to acety! CoA by successtve oidation at the betn
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carbons 1n accordance with the original suggestron of Knoop (13a-¢)
(figure 1-7) Energy 1s iberated as the fatty acids are oxidized to COz and
H.0Q (6b) This 1s mediated through transfers of protons and ¢lectrons to
diphospho and triphosphopy ridine nucleotides wia tr g enzymes
{cytochromes) As already noted, m the untreated diabetic the citric acid
cycle aperates suboptimally As a result of reduced conversion of glucose
to pyruvate oxalotcetate 1s not produced 1n adequate amounts from py«
ruvate for combmation with acety] CoA (see figure 1-5) The cxcesses of
acetyl CoA are converted i part to acet: and beta-hydroxybutyne
acids and to acetone (figure 1-7)

Fat not utilized for encrgy purposes m the liver znnd other tissues 13
stored 1n depots The degrec to which this occurs 1s determined by the
metabolic Joad n relationship to the need and conditioning factors such
as the adrenocortical and gonadal steraids The hyer s alco an important
determinant of the form and amount of total cireulating imd (13d, e)
Thus 1n obstructive disease of the bilary tract, total scrum fat nises while
1 far-ads anced cirrhosis st falls below levels present in health (13f) Under
these circurnstances alo the proportion of crculating fatty acids mn the
estentfied form 1s decreased below the rather stable value of some 70 per
cent that obtarns sa subjects w il trtact Mver stewoture and functron (13g)

C The Concept of the Metabolic Pool

The dynamie state of body constituents and the interrelations of fat,
protein and carbohydrate derivatives have been beautifully delineated n
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Schoenheimer’s Dunham Lectures (13h) -

“The large and complex molecules and thewr component umts, fatty scids, ammo
acids, and nucleie acids, are constantly mvolved m rapid chemical reactions Ester,
peptide, and other Linksges open, the fragments thereby lberated merge with those
derived from other large molecules, and with those absorbed from the mtestizal tract,

to form o holie pool af ble as to ongin These hberated
molecules are agan subject to numerous processes Fatty seids are dehydrogenated
hyd, d, degraded or el d, and thereby 1 ted While

some 1ndvidual molecules of these acids are completely degraded other mdividuals
of the same chemical species are steaddly formed from entirely different substances
notably from carbohydrate Symslar reactions occur among the sphit products of the
protems The free amino meids are deaminated, and the mtrogen liberated 13 trans.
ferred to other previously desmmated molecules to form new ammo acids Part of
the pool of newly formed small molecules constantly re-enters vacant places n the
large molecules to restore the fats the protemns and the nucleoprotens Some of the
small malecules mvolved m these reactions diate steps
1 the formation of exeretory products

“Components of an animal are rapidly degraded nto specific malecular graupimgs
which may wander from one place to another The chemreal reactions must be balanced
so d Jy that, through the body reman constant 10
total amount and m structure This constancy 13 not to be taken as an indication that
the structural matter of the hiving organism 18 mactive and tahes hittle part 1z metabo-
bsm ”

IV, Yitamins as C in Intermediary Metaboli

The vitamins or accessory foodstuffs serve as coenzymes at many points
1n the intermediary metabolism of the chief foodstuff:

A Pantothemc Acd
Coenzyme A 15 a complex moleeule consisting of pantothenic acid, adeo-

sme diphosphate, and beta-mercaptoethanol {14a) The acebic acd
cster of coenzyme A, acetyl coenzyme A, ranks with adenosmetriphosphate
fu 3Y v alablaeneroy

1

synthess of fats, ketone bodres and steroids Letrerency ol pamwineit
acrd decreases antibody production in rats, perhaps by decreasmg protemn

synthesis (14d)

B Thamine

This vitamm functions as & coenzyme (after bepatic conversion to the
co-carboxylase, thiarmne pyrophosphate) the decarboxylation of pyru-
vate or other alpha hetoacrds In the conyersion of pyruvie acid to acetyl
Coh, bpore acd (6,8 dithrocetanaic acid) and thigmine are mvolved as
coenzymes There 1s no conclusive evidence that lpote aerd must be pro-

vided w the diet
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C Pyndoxrine

Vitamin B as pyridoval phosphate 13 the es<ential coenzyme for all
transamination reactions It also serves mn the decarboxylation of ammo
acids (81) As in the easc of pantothenic acid, a defictency of pyridotine
decreases antibody production (14d)

D Choline

Choline 1n combmation with phosphohpids grves rise to lecithin (phos-
phatidyl choline) which facilitates 1n some unidentificd manner the me-
tabolism of fatty acids (14e, ) In the absence of adequate amounts of

o ' 1d o aL 1 L ML el ba b oa el

{rom ethanolamine
E Foh¢ Aad

This accessory food substance, N-5-formyl 5,6,7,8 tetrahy drofolic acid
or folinie aeid, 1s an ymportant participant 1n reactions involving the trans-
fer of one carbon fragments, as in the mtercom ersion of glycine to serine
{14b-)) and 1 the biosynthesis of the purine ring (14k) It also partier-
pates n antibody formation (14d)

F Vatamin By

Cobalamin (vitamin B;;) 18 operative in the synthesis of thymudme, a
desoxynboside, and possibly of desoxynbose itself (141), 1n the formation
of methyl groups, and 1n the interconversions of amino acids (14m) Its
metabolie role remains obscure

V. The Action of Insulin and Posstble Sites of
Metabolic Defects in Diabetes

The work of Sanger has revealed that 1nsulin 15 & protein with a molecu
lar weight of 6,000, or multiples thereof (15) Each molecule consists of two
polypeptide chains held together by —S—S— linhages derived from the
amino acid eystine The A chain 1s made up of 21 amino acid residues and
has glycine at its N-termnus, the B cham consists of 30 amno acid resi-
dues with phenylalanine as the N-termnal amino aaid

There are several sites at which msulin, which escapes destruction by the
sulinase or sipular systems (16a—d, see also chapter 6), may act to facih
tate the disposal of carbohydrate loads (16e)

A Effect of Insulin on Transfer of Glucose mnto Cells

Insulin may imerease the rate of entry of glucase 1nto the cells by altering
the permeability of the cell membrane Levine and his colleagues (17a—¢)
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and others (17d-1) have demonstrated such an effect of msulin upon the
volume of distribution of glucese, galactose, aylose, and arabinose and
thewr uptake by the rat diaphragm Stadie (3a, 18) loealizes this ty pe of
action at the “cytostructural” boundary of the celis Morgan et af (19)
have concluded from studies of the kinetics of the transport of glucose and
other monosaceharides that the process 1s not sumple diffuston but an en-
zyme catalyzed or a “carner” transport process, that it 1s symmetrseal
wath respect to mnward and outw ard motement, that 18 12 not dependent on
adenosinetriphosphate, and finally, that the rate at whieh such transport
oceurs sets the upper hmuts for glucose utilization

GLY PHE
1ISOLEY VAL
VAL ASP
GLU GLU
GLU ms
cYs LEU
cts cys
ALA GLY
SER SER
VAL HIS
cYs LEU
SER VAL
LEU GLU
TYR ALA
GLU LEU
LEU TYR
GLU LEU
ASP VAL
TYR cyYs
<YS GLY
ASP GLU
ARG
GLY
PHE
PHE
TYR
THR
PRO
LYS
ALA
A CHAIN B CHAMN

v 7HE InsULIN MoLPciLe
t at the N-tezmumus, In the B cham
ermmnus (15)

Fio 18 "Tue SeQuEnCS OF AxTho AcTDS
n the 21 amino and A chun gl cime 19 present
of 30 ammo acids phenylalantne makes up the N-t:
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Fia 1-9 Possists Srres of InSTLIY AcTion
Insulin may facilitate the passage of the sugar through the cell membrane s at
(A), faciitate phosphorylation of glueose (B), accelerate transformation within the
Krebs eyele (C), or play a more zpenfic role i the formation of high energy com-
pounds (D) (32) (Oxaloncetate 18 mspelled 1n the figure )

B Effect of Insulin on Phosphorylation of Glucose

Insuhin may facibitate the phosphorylation of glucose within the eell,
1¢ the formation of an ester of phosphorus, a process which requires an
energy source such as adenosinetriphosphate and an enzyme The work of
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Colowick and Cort and of others (3b, ¢, 20a, b} suggests that this 1s hexo

Linase The studies of Villee, White, and Hastings (20c) mdicate that 1n
the rat diaphragm msulin acts by cancelling the mhimtory action of
growth and adrenocortieal hormones upon hexokinase Hovwever, the diffi

culty ed 1n d t such a relationship 1n cell free systems
(20d e} and 1n confirming the findings of Colowrck (3e) rases appropriate
doubts concerning the complete validity of this hy pothesis This question
remasns unsettled since Hochstemn ef al (20f) have shown that glucose uti

zatlon can oceur 1n special 5)stems such as the cell free derivatives of
mouse melanoma homogenates Once phosphorylation has faken place
glycolysis proceeds down to pyruvate 1n the absence of mmsulm At this
pomt, i the absence of nsulin a block 1o the miroduction of the products
of glycolysis mto the citric aeud cycle by condensation with ovaloacetic
acid appears (3e, 21a, b)

C Effect of Insubn on Transformations in the Citric Acid Cycle

The next site of possible msulin action 15 within the citric aad cycle
1tself as suggested by Krebs and Eggleston (22) Irrespective of whether
1t 15 the entry within the ctric acid eycle or the transformations within
1t that are impeded by msulin lack, the net effect 15 defective production
of adenosinetriphosphate with further interference with the phosphoryla
tron which 15 mediated by high energy phosphate compounds In the pres
ence of glucose, snsulin favors the formation of esters of phosphorous at
the expense of high energy phosph pounds such as ad ripho:
phate and creatine phosphate (23a)

In tntro studies with rat draphragm provide some rdentification of var
ables which condibion the achon msulip As a first step m exertng 1is
effect upon glucose uptahe and glycogen synthesis nsulin combines with
the diaphragm (23b) Hypophysectomy or adrenalectomy has no discern
1ble effect on the combination of msulim with the diaphragm, whereas pre
treatment, of the animals wath antertor pituitary extracts or Erowthnhof

c:‘ the alfoxanized rat and the duplirsgm expased o veéro to allovan can
not bind msulin The recent studies of Bornstern and Park (23¢) mndreate
that hormonal factors may be operative mn this defect because even serum
from alloxamzed diabetre rats aleo whibits uptake provided that the p1
twitary and adrenal are mtact

Recently Shaw and Stadse (23f) reported that m therat daphragm there
are two pathways of glucose disposal 4 glycogen synthesizing pathway
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which 1s msulin responsive and a lactate producmg pathway which does
not respord to insulin

Summary

‘The energy for growth, reparr, nnd rcplaccmcnf. of living tissues 1s dc-
nved from the complex orgame dstuffs and
from the sun The carbohydrates, protetn, and fats of the diet, absorbed
following varying degrees of digestion, are ultimately but not entirely
degraded to COz + H:0 (and N) with release of energy However, before
this course 19 run, each of these foodstuffs or their derivatives may be mn-
corporated into the structure and functions of the tissues at a rate which
can be quantitated 1n terms of biologic half hife Thus m the case of the
carbohydrates the individual sugars may become components of the central
nervous system b , tissue gly des or be stored
as polymers 1n the form of tissuc glycogen The polypeptides and amino
acids of proteins are used 1n the construction or reconstruction of body
protemns The chuef fate of uneatabolized fat 15 storage, though the indi
vidual lipids may be united with one of the other chief foodstuffs to form
Iipoprotcins Also, components of carbohydrate, proteins and fats may
be converted nto the others Thus glucose can be transformed to non-
essential ammo ac1ds or to fats, certamn of the amino acids of protemn may
be deaminated arnd transformed to glucose or fatty acids, and the fatty
acids can 1n turn be converted to amino acids and, perhaps only to a imited
extent, to glucose

These 100 of the major foodstuffs reflect of course the com-
mon pathways of catabolism of the foodstuffs Glycolysis, the chief route
of glucose degradation, ends with acetyl Cod oxaloacetate, lactic acd,
and alamne as the chief products The beta ovidation of fatty acids alco
results 1 the production of acetyl CoA which unites nith oxaloacetate
denived from glycolysis to enter the citric acid ¢ycle The amino acids can
enter the glycoly tic eycle following conversion to glucose or, 1n the case
of certamn amino atid dern stives, may enter the citric acid cycle directly
The end result 15 the d d of )b d organie molecules wath
a release of energy for the formation of high energy esters of phosphorus
(ATP and creatime phosphate) or of sulfur (coenzyme A)

In the diabetic the absence of msulin, or the mereased destruction of
msulin by nsulinasc or other systems greatly reduces glycolysis and de-
creases the Lty of oxal ate Pr and are
decreased The body shrits to fat for energy, but fatty acds are mobilized
1n excess of the catabolic capacities of the tissucs Excesses of acetyl CoA
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winch accumulate are then converted to ketone bodies These two proc-
esses, together with mereased gluconeogeness, account for the two chief
mamifestations of diabetes, 1 e, hyperglycemia and excessive hetonema
It must be emphasized however that these characteristic findings 1n the
absence of msulin result from changes m the rates of processes which
normally oecur 1n the body and do not represent the imtiation of any new
biochemrcal mtercont erstons

1
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CHAPTER 2

The Morphologic and Metabolic Effects
of the Growth-Diabetogenic and the Lactogenic
Hormones of the Anterior Pituitary

The antertor pituitary elaborates a number of trophrc or trope hormones
which have speeific tissues as their targets and whose secretions mn turn
1nfluence the utihization or disposal of foodstuffs In this chapter only the
role of excesses and defi of the diab growth factor and of
excesses of the lactogeme principle of the anternior pituitary will be dis-
cussed, with particular emphasis on earbohy drate metabolism The adreno-
cortrcotri d tieal, the thyrotropin-thyroxdal, and the gonado-
tropin gonadal effects will be presented 1n outhine form only 1n clanfying
the role of the anterior pituitary, and then taken up scparately and in de-
tail in the succeeding chapters In Chapter 6 the possible bearing of varia-
tions in these hormones, contrited mn nature and by man, upon the chinieal
entity known as diabetes mellitus will be evaluated

L Effects of Losres of Growth and Other Prtuitary Hormones
4 In Nondwbetic Ammals

‘The removal of the anterior hypophysis produces a cessation of growth
1n the immature ammal, i the adult a decreased food intake, weight loss,
hypoglycerma, and cacheuis supervene (la-f) Since this procedure de-
prives the orgamsm of all of the anterior pitustary tropic hormones, such
animals exhibit morphologie changes in the target glands consisting of a
decrease m the organ and cell size, and evidence of diminished secretory
activity in the thyrod (1g), in most but not all of the cells of the adrenal
cortex (1h}, and 1n the gonads (11} From the viewpomt of function the
changes con<ist of a) hypothyroidism (decreased 10dide and sodine trap-
ping, diminished formation, storage, and release of thyroxin, and decreased
oxygen ), b) hypead ticism 1) water and electrolyte

i} vanable m the facil of pot. and water
output and mn the conscrvation of sodium during perieds of deprivation,
redistribution of water and electrolytes within the body, 2) regulation
of the intermedrary metabohsm of foodstuffs, a tendeney to hypoglycema
asaresult of an merease in glucose tolerance and an mcrease 1n sensitivity
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to mnsuln ansing m part from dimimshed gluconeogeneais from protemn
and {at and decreased glycogen formation and storage, 3) mntegnity of
sccondary sex manifestations androgente, 1¢, the brotem-anahal s

ade o

+ v e auu spelin ang decrease or loss of sexual characteristies and ac
tinities {1, L))

Anterior pituitary extracts which contain suffictent amounts of the
tropic prmeiples correet all of these deficiencies 1n growth as well as the
morphology and function of the adrenal cortev, thyraid, and gonads Ex-
tracts rich 1n grow th hormone correet the deficicreies m grow th and over-
come 10 great measure the alterations i carbohydrate metabohsm Can-
cellation of the thyroidal, the adrenocortical, and the gonadal defictencies
1n such animals requires the speetfic tropie hormone, though in the case of
the thyroid, the adrenal cortex, and the nongametocyte function of the
gonads amimals or synthetic derivatives can serve as replacements for the
products of these plands
B In Diabetic Ammals

Houssay et al (1b, 2a, b) demonstrated that the remoy 2l of the antensor
hypophy sis markedly alleviated the mamifestations of the diabetes which
followed complete pancreateetomy mn animals The hyperglycemia and
gly cosurta recurred with admmistration of anterior prtuitary extracts
Though Long and Lukens (3) showed that adrcnalectomy produced a
sumilar amehioration of the dinbetie state following panereatectomy, the
fact that combined anterior hypophy sectomy-adrenalectomy produced a
greater cffect than either alone <uggested that the mechamsms myolved
maght not be 1dentieal The validity of this conclusion has been established
1 subsequent studtes with purified derivatives of the anterior pituitary
and of the adrenal cortex and in the case of the latter, with synthetic
sterords as well

IL. Effects of Antersor Pitmtary Extracts:
Older Expermmental Work

The mjection of crude extracts of the antertor prtuitary overcomes, 1
part at least the cessaton of growth and the tendeney to hypoglycerma
whreh charactenzes the ammal deprived of the anterior hy pophysis and
produces cxcessive grosth and hypergly cemut an the mtact anmal

The growth effects when obtained, consist of an ncrease m body size
and in the museles 11scera, and the features of ammals (4a, b) resembling
those secn 1n the giantism and acromegaly in patients w1th eosnophil
adenomata of the antersor priwmtary In pregnant rais an increase jn body
size has been noted m the mothers snd offspring (5)
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The hyperglycemia which appears with the administration of growth
hormone to susceptible species and mdmduals 18 accompanted by glyco
suria and L (6a g) and diabetes melhitus
which appears spontaneously 1n humans In some of the amimals the earbo
hydrate disorder persists after the cessation of therapy and 13 termed raeta
hy pophyseal diabetes

Houssay (6h) reported that morphologic changes in the beta cells of
the pancreatic slets (degranulation  lhyalmzation and 1in the animals
with permanent diabetes atrophy or disappearance of 1slets) were found
1 ammals recetving such anterior pituitary extracts Lukens and his col
leagues {7a b) subsequently showed that in partially depancreatized rats
cessation of mitwitary extract therapy or treatment with jnsulin or with
phlorzin prior to the end of the third month permitted recovery of the
1slets and avoided a permanent diabetes

1T Effects of Autertor Patuttary Derivatives Studies
with Purified Growth Hormones

A Is Growth Diabetogeme Hormone a Single Entity?

The punfication procedures devised by L1 Evans and Stmpeon (8a) and
by Wilhelm: Fishman and Russell (8b) applied to homogenates of p1
tuitanes have yielded growth hormone a protein which 1s capable of in
dueing a resumption of growt! following hypophy sectomy and which pro
duces hyperglycemna glycosuria and hetosis in suitable ammals This
matenal 1s free of sigmficant amounts of other pitwitary protemns such as
thyrotropmn adrenocortscotropin and gonadotropins Since erystallization
electrophorems and x ray diffraction patterns indieate this to be essen
tially a pure protemn 1t has been generally agreed until recently that 1t
represents a single molecule capable of exerting these dual actions In
1951 Raben and Westermeycr (8¢) reported that a grow th hormone ob
tamned from I og pituitaries by passage through an oxy ecllulose column had
no effect upon carbohy drate metabolism but retamed 1ts ability to restore
growth following anterior hypophyseetomy This could be taken to in
dicate that despite the seeming umformity of pure growth diabetogenic
hormone prcparauons two very simular but dictinet proteins are present

hr on an oxycellulose column merely utilizes
these shight differences to effect a separation These studies have slso
yielded a diabetogenic protern matenal which 13 associated with corta
cotropin rather than with grow th hormone n the chromatographie separa
tion and which may be an entity distinet from these two known pitmtary
tropic factors (8d e) If the antenior pitustary does elaborate this diabeto
genic factor as & separate hormone then the long recogmzed carbohydrate
effects of erude antener piturtary extracts such ag the abihiy to produce
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hyperglycerma, ketosts, and msulm resistance, to mobilize fat, and to
lower the RQ (6a) wall have to be aseribed to 1t rather than to growth
hormone However, a number of workers (9a, b, ¢) have been unable to
confirm the findings of Raben and Westermeyer It 1s stall possible there-
fore that growth-diabetogenic factor 15 a <ingle entity as Young (94, €)
and Reid (9f) and others have emphastzed and that these newer separa-
tion procedures merely alter the growth-diabet h lecul
sufficiently to remove 1ts drabetogenic praperties The effect of a variable
such as pH on the 1on1zation of protem 15 1n keeping with this possibility,
and there 1s some evidence that m alkalme media growth-diabctogemic
hormoene loses some of 1ts carbohydrate effect (9g, h)

These unsettled questions are to be hept 1 mind m the presentatron of
the morphelogie and metabolic effects of the so-called grow th-disbeto-
geme factor which follows

B The Morphologic Effects of the So-called “Pure” Growth Hormone

The earlier observations that crude or relatively impure preparations
of pitwitary growth factor produced body growth n hypophysectomized
and normal ammals (42), increased muscle size (4b), and induced de-
granulation, “hyalimization”, and atrophy or disappearance of the pan-
creatic beia cells (6h) have been confirmed with highly punfied growth
hormone obtained by separations of the type deseribed by L1 (8a) and
Wilhelm: (8b) and their colleagues

Thus the newer denivatives are much more potent 1n producing body
weight gam 1n the ymmature hypophysectomized mouse (10a, b}, but may
be mactive in the monkey (10¢) Bigland (11a), Greenbaum (11b), Simp-
son (1lc) and their co-worhers have specifically commented on the 1n-
creases 1n muscle size The individual fibers of skeletal, cardiac, and con-
nective tissues have also been reported to be mcreased in diameter The
effeet on the individual muscles may be proportionate to or in excess of the
gain 10 body mass In Bigland s ammals the tenston exerted by the en-
larged quadriceps was found to be less than i pormals (112)

1t has been shown that purfied growth hormone increases skeleton
size but not maturation (122) and that the thyrord gland plays & defer-
runative role mn the latter The increase 1n the width of the epphysts
induced by growth hormone s quantitatively related to dosage and 18
the basis for a boassay, provided sutable allovances are made for the
effects of lactogeme hormone bli’;l)i the less marked action of thyrotropin

nocorticoptropin (12
nnglgxd;:rlg. the nx::wex}‘) preparations continue to produce the changes 1t
pancreate 1slets described with the crude matenials {6h, 13a) Hast a}r]\éi
Kinash (13b) have i additon reported an actual inerease mn 1slet weight,
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but the imjected hypophyscctomized animals ate more than the hypophy-
sectomzed controls

C Brochemucal Changes Induced by Growth Hormone

1. In the Metabolism of Protein and Nitrogen. The increases in body
weight, organ and cell sze and the accelerated skeletal growth are re-
flected of course 1n the external exchanges of mtrogen, as well a3 m the
relative rates of anabolic and catabolic processes within the bedy Effec-
tive preparations of growth hormone decrease the urinary excretion of
nitrogen (14a, b) and increase the protein content of muscle, of circulating
plasma, and of other organs and tissues (14c-g) This posmve nitrogen
balance could result from protetn kd hed degra-
dation of released amino acids, or mcreased synthesis of amimo acids mto
body protemns The studies of Bartlett, using glyemne tagged with N,
suggest that all of these factors are operative as indicated by decreased
protein degradation 1n the fasting dog given growth hormone (153), a
Iower rate of ammo acid eatabolism, a smaller urea pool, a larger pool of
metabohe mtrogen, and an accelerated rate of incorporation of tagged
glyene into protein (15b) Russell (15¢) on the other hdnd believes that,
1n the presence of an adequate supply of amino acids and with the organ-
1sm operating largely upon a fat substrate, the chief and perhaps the sole
effect of growth hormone 13 exerted on protein anabolism She pomnts out
that 1n Hoberman's studies (15d) the total mtrogen excretion mn fasting
amtmals was reduced by growth hormone with a proportionate decrease
10 the excretion of previously administered tagged mtrogen This argues
agamst an inhibition of protemn eatabolism since under such eircumstances
the decrease would not have been proportionate The drop in plasma and
tissue amino acids (15¢, f) and the Terated disposal of B
ammo acids following growth hormone (15g) argue aganst a depressant
effect upon ammo acid catabolism It may well be that the 1sotope studies
detect rate changes whreh 1n terms of net effect prove msignificant The
detailed evidence for these two interpretations 13 available m several re-
views (15h-))

Tt should be ponted out that the nitrogen retamming effect of growth
hormone cannot be eheted in a pancreatectormzed preparation, as for
example, 0 a Houssay ammal (16a) Insulm therefore 1s necessary for
the growth effects of growth hormone Furthermore, insulin itself can serve
as a gronth hormone 1n a hypophysectomized anrmal though 1t 1s not
effective to the same degree (16b, ¢} This has suggested the mteresting
possihility that a major portion of the growth stimulating effect of anterior
miturtary 13 mediated through an d insulin output (16a,
LY
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2. In Fat Metabolism. It has been shown that growth hormone admin-
wstration mobilizes hipid from tissues and deposits 1t 1n the Iiver {173, b)
Also, m terms of the imntermediate metabolsm of fat 1t has been recog-
nized smee the days of crude pitwitary extracts that growth factor 1s
ketogenie Studies with liver slices show that the hypophysectomized rat
produces fewer Letone bodtes (17¢, d) and that growth hormone miubits
lipogenests (17e) It 1s not entirely clear that these are direct effects on
lipid metabolism, sinee inhibition of carbohydrate metabolism, an action
of growth hormone, 1s by 1tself ketogente (16a) Moreover, Petersen and
Lotspeich have suggested that the hetogenie effect 1s not obtamable with
punified growth hormone (17f) Engel after reviewing possible sites of
metabolte blockade concluded that growth hormone probably acts at some
undetermined pomnt in the Krebs eycle (8¢) Russell’s thesis (15¢) that a
fat substrate 1s conducive to the protein anabolic action of grow th hormone
has already been eited This vien 15 supported by the studies of Bondy
(17g) and of Beaton and Curry (17h)

3. In Carbohydrate Metaholism, Until the advent of the Raben-
Westermeyer preparation all actis e forms of the grow th hormone exerted a
deleterious effect on earbohydrate disposal which paralleled the growth
activity (9e-f)

a Imtwl hypoglycemia or hyperglycemwa? The earher finding that the
materials first produced degranulation of the beta cells (6h) led to the
suggestion that they mcreased 1nsuln secretion (182 ¢) The finding by
Milman (15e) and Kurtz (192) and their colleagues that hypoglycema
appeared shortly following the mitial mjection of the newer denvatives
15 1 heepmg with such an action, though st should be noted that m the
work reported by Kurtz pancreatectomy faled to elmmate this acute
hypoglycema Furthermore the studies of Fod (19b), of Bornstemn {19¢)

and of Kibler (19d) and their colleagues indicate that trancient early
ot TLL % e o menctad Hhat this

1g el
10WEYET,
ment 15
punified
;;mnth hormone Perhaps some of the answers lie, as has been suggested,
(19¢) mn the level of blood sugar 2t the time of mjection
b Subsequent hyperglycemia and diabetes In contrast to the uncer-
tamty concernmng the earliest effects, it 12 clear that several days of growth
hormone therapy 4t a level of approximately three milligrams per lulod
gram of body weight produced hyperglycemra, glycosurza, hetosis an
053 1n susceptible species and mdividuals This expernmental jorm

ht 1
o wed glucose tolerance (203, b) which

of diabetes 15 charactenized by wnpaj
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responds to msuln therapy (212, b 22) The drabetogeme cffects can be
eheted m the p { (6d), 1 the all d (232, b), and
m the adrenalectomized preparation (24) In the intact ammal the pan-
creatic 1slets show the lesions deserthed following crude extraets, with evi-
derce of nereased activity and new islet formation However, continued
therapy results in destruction of the 1slets and permanent diabetes Per-
fusion of the pancreas of such ammals <hows a dimmished 1nsulin output
{25), histologie measurements point to loss of sslet tissue, and extractions
reveal a decreased ynsuln content It has already been mentioned that not
all «pecies nor members of a partrcular species respond to this drabetogenic
cffcet The studies of Adams and de Bedo (26a) and of Emerson (26b) 1n-
dicate that a tolerance or unresponsiveness to this action of growth hormone
develops n susceptible ammals which can be overcome by 1nereasing the
dosage or slfting to gronth hormane derived from another species

¢ Siute of dwbetogemc action The exact pomnt m the metabohism of
glucose at which the diabetogene effect of grow th hormene 1s exerted (1 ¢,
at the entry of glucose mto cells, glycolysis, the hevose monophosphate
shunt, citric scid cyele or in the ton of high energy phosphat:
has not been established Studies of It labelled isulin 1ndieate that de-
struction of msulin 18 not aceelerated 1n homogenates wluch contam an-
terior pitutary derwvatives, though it 1s retarded by anterior hypophy-
sectomy This suggests that a relative defictency of insuhn due to de-
struction 1s not a contributing factor (272, b} Alo one may conclude from
the volume of distribution studies of Levine et ol that penetration of glu-
cose mto cells 1s not retarded (sec section V of Chapter 1)

4. In Electrolyte and Water Metahol, Therapy of ammals with
growth hormone which 1s effective 1n producing body weight gam and -
crease 1n body tissues should be accompamied by decreased urmary output
and retention of the chief extracellular and cellular electrolytes The re-
ports of Glafkides (14a) Stem (14c¢), and Whitney (14f) and their col-
leagues demonstrate posity e balanees of sodim, potassium, and chlonde
as a result of growth hormone admimstration but no data on phosphorus
are given The lack of an effect of gronth hormone on this constituent
reported by Knobnl (10c) was observed 1n monkey s which did not respond
to therapy It 1s probable however that growth hormone does alter phos
phorus metabolism especially since 1t 3s recogmzed that m Imm? the
level of zerwm morgatic Phosphorus 13 denated dunng attive aurdmi ety
and decreases with suceessful therapy of the ecstnophil adenoma (27¢, d)

The data en net body flurd effects of growth hormonc are scant It has
been shown that the mability of the hypophj sectomized dog to excrete a
water load s partly corrected by growth hormone (282) In the iatact am-
mal sueh therapy re<ults 1n an expansion of extracellular and cell water
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as measured by the thiocy anate space or by analyses of muscles (14f, 28b)
Studies of plasma show that a decrease in hematoent 1s produced which,
from measurements of the total red cell volume and cireulating plasma
proteins, represents an espansion of plasma volume (28¢)

IV, Effects of Anterior Pituitary Growth Hormone
Therapy m Humans

With but a few possible exceptions growth hormone admmstration to
healthy adults and to dnarfs has had no chmeal effect upon body growth,
and has enly rarely mfluenced the balances of mtrogen and electrolytes
(123, 29a~)) Studies m our laboratory on muscular dystrophy children
undergoing s therapeutic trial of growth hormone prepared in accordance
with the Raben-Westermeyer technique show ed no change 12 body growth,
m ntrogen and electrolyte balances, nor in carbohydrate metabolism as
reflected 1n responses to oral or mtravenous glucose or to travenous
msulm (291)

V. Clnical Hyper. and Hypofunction of the Anterior Pitutary

In patients with loss of anterior prtwitary function, such as those with
ds' discase or Sheehan’s syndrome, hypoglycema may be pres

ent and hy persensitivity to wnsulin can be demonstrated (303-d)} This 1
1n keeping with the effects of ablation of the anterior prtuitary in animals
Adenomata of the eosmophl cells of the anterior pitmtary produce
mantism during the growth period and acromegaly and splanchnomegaly
thereafter This mereased seeretion of growth hormone by the eosmophils
of the anterior pituttary 1s associated with & lngher mexdence of disbetes

i

= — ~al

abihity to produce insulir are greater 1n the nonsusceptibles or that the ex

panding eosinophil adenomata producc deficits of adrenocorticotropin,
thy rotropm, and other factors wInch 1nfluence carbohydrate metabolsm

It must also be kept 1n mind that such patients may eat poorly

VL. The Diabetogeme Effect of Prolactin

Changes 1n carbohydrate metabolism have been noted to follow them
Jection of another pitwtary tropie hormone, prolactin ‘This was perhaps
first noted by Houssay and Anderson (2b) but their lactogenic preparation
contained up to 30 per cent ACTH Fou and Ius co-worhers have shown
that the admimstration of 4 purer form of Inctogenic prineiple 1solated
from amimal pituttaries to intact dogs produces imttia) hypoglycema which
1s then followed by hyperglycema (32a—) Panereatectomy ehminates
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the hypogly cemic but not the hyperglycenue phase This suggests that the
lowenng of the blood sugar 1s produced by release of pancreatic insulin
and el the possimhity that the sul hypergly cerma 1s at

tributable to a release of glucagon or hyperglyceme gly cogenolytic factor
which may be seereted by the alpha cells (sce Chapter 11) Examination
of the pancreas of anmals folloning the first intravenous mjection of pro

Jactin reveals degranulation of beta cells suggestive of insuln release
(32a—) The etiology of the subscquent 1 yperglycemia remains obscure
but 1t may be related to the diabetogenic effect of estrogens released n
small amounts by the gonads mn response to prolactin This posstbility
and the findings that estrogens m large dosage may ameliorate diabetes
are discussed 1n Chapter 4

Summary

Chromatographic separation of anterior pituitary extraets has resulted
1n the preparation of a grow th factor which 1s free of diabetogentc activity
This suggests that perhaps gron th and diabetogenic properties of antenier
pitmitary extracts reside 1 two separate though elosely related molecules
This remams however a controversial issue

‘The admimistration of extracts of the anterior prtmitary or of apparently
pure growth diabetogeme hormone produces in several days hypergly
cemia glycosurra and ketonurra in suseeptible individuals of susceptible
anmal species The finding of an imtial hypoglycema and the histologie
study of the panereas have led to the suggestion that the growth dia
betogenic factor stimulates the beta cells directly and ultimate destrue
tion of these insulin producing cells results from a combination of stimu
lation and ext 15 alo ble mnd; that pancreatie
glucagon 13 released by growth hormone

The diabetogeme effect appears to rise entirely from a blochade of i
sulm action at the cell Jevel (in the rat diaphragm conier«ion of glucose
to glycogen 1s impeded) without evidence of increased gluconeogenesis As
a matter of fact growth diak hormone facihtates the
tion of ammo acids (and other ticsue constituents) into tissue protems and
thereby removes a potential source of glucose

Prolactin or the lactogenic hormone of the anterior miuitary apparently
free of the growth diabetogemc factor 1s also capable of producing dia
betes Agam there 1s evidence that this hormone like the growth diabeto
genie factor mtally stimulates & release of insulin by the beta cells
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CHAPTER 3

Products of the Adrenal and
the Metabolism of Carboliydrate

Though 1t 1s well known that changes 1n carbohy drate metabolism are
produced by dern atives obtained from the medulla and cortex of animal
adrenals as v ell as by synthetic congeners the mechanisms of these actions
and the sites at which they occur are not as yet clear]ly defined Compar
able alterations in carbohydrate bol may also be d m
the course of =pontnneous nereases i the activity of these organs, a5 in

toma or tical hyperplasia while opposite effects
are at times scen w1th deficiencies of certamn of the humoral products of the
adrenals

I The Adrenal Medulla
A The Role of Hyperglycemia of Medullary Onpn

Extracts of this portion of the adrenal have long been known to produce
Iiypergly cemia (1) Cannon (2a—) 1n lus wntings assigned a useful role to
this hyperglyeemta 1n the primitive reaction to alarm which prepared the
orgamsm for combat or for fight This may have been true 1n the evolu
hcnary lustory of the progemtors of man, but 1n the highly orgamzed

h 1 cconomy of as they exist today 1ts possible effec
tiveness as a ready mobilizer of energy 13 largely lost as a consequence of
though not necessanly directly medinted by (3a-e), 4 concomitant dis-
charge of adrenocortical sterotds These agents, discussed in section 1I of
this chapter, act to cancel the mereased utihization of carbohydrate to be
expected from hyperglycemia per se Hence, 1f such an explanation of
hyperglycema enginating from products of the adrenal medulla 1s used,
1t 18 necessary to ndicate that 1t may represent an attempt to overcome
the block 1n carbohydrate metabolism mmposed by the secretions of the
cortex of ths gland

It had been suspected from pharmacologic studies that there may be
two different effects or components 1n the total extract known as epineph
Tine or, more commonly, adrenalm (4) In 1949 the two preseor amines,
epmephnne and norepinephrine, present 1n extracts of the medulls were
characterized chermcally (5a~¢) Their chemueal structures are shown
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Fi1e 3-1 CaEMICAL STRUCTTRE OF EPINEPHRINE AND 0F NOREPINEPHRINE

n figure 3-1 and some of their known phystologie actions other than the
hypergly cemrc effect are compared m table 3-I (6a-1)

B The Ongin of Medullary Hyperglycema

The subcutaneous admnistration of the whole extract of the medulla,
or of either of 1its two components produces a prompt nse an the level of
the blood sugar The degree of this response and 1its duration m healthy
subjects 18 shown 1 figure 12-1 of Chapter 12 It onginates largely as a
consequence of activation of Iiver phosphorylase with depolymenzation
of liver glycogen (7a-€) Conversion of muscle and perhaps other tissue
glycogen to glucose (via the pathway muscle glycogen — lactic acid 2
glucose 6 phosphate ~» blood sugar or Iiver glycogen) (8a-h), gluconco-
genesis from at least fat (9a-d), and decreased peripheral utihization
(10a-d) also play contributary roles However, the last pont has been
disputed (10e-g) (sec Chapter 12)

1. Findings in Muscular D; phy. Studies wath Iar dystrophy
1n our laboratory (11a,b) confirm the earhier observations of Ellington and
Goldblatt (11¢) m showing a distinetly lower hyperglycemic response to
epinephrine This we have tahen fo ndrcate a decreased availability of
muscle glycogen m this disease entity for ultumate conversion to blood
sugar
It 15 possible how ever that this difference 19 to be ascribed to defects 1n
hver phosphorylase, undue tenacity of Inver glycogen, dimmished epueph-
r1ne blockade of perspheral glucose utilization, decreased stores of hepatic
gly cogen, or to hiver disease (11b) There 1s no evidence for at least the
last two of these possibilities (11d, e) and 1t has been established that the
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TABLE 3 1
c of effects of epinephrine and hry
Measurement Reference Ep nepbrme Norepnephe ne

Cardiac output 6a b h  |lncreased | Do change decressed
Systalie blood pressure 6a b h  [Increased | Incressed
Diastolic blood pressure | 6a b b [No change | Increased
Pulse rate 6 b Tncreased | Deereased
Penpheral resistance 6a b Decreased | Increased
Glomerular fltration rate | 6c d - No change
Clearance of Na 6c d g k I |Increased | Do change decreased

decrensed | icreased
Clearance of K 6c d j k 1 |Decreased | Decrensed "no change
Fortal pressure 6 Increased | Increased +

responses 1n cirrhosis to epmephrine though abnormal, are of o different
type (12) On the other hand 1t has been shown that muscle glycogen
stores are abnormal 1n expertmental muscular dystrophy (11d} and that
gly cogenoly tic enzy mes are altered m patients with this disease {13+)

2 Responses in Juvenile Diabetes The 3y oung diabetic responds with
hyperglycemia to the whole extract of the adrenal medulla to norepmeph
rine and to epmephrine (see figure 12 3 tn Chapter 12) The quantitatively
greater change 1n terms of prolongation of the hypergly cemia 1s compat
ble with a relative ability of the diabetie without msulin to dispose of the
carbohydrate load thereby presented (13b) Tius 1s al o evident 1 the
concamtant electralyte changes m these two groups of subjects as de
seribed 1m detarl i Chapter 12

¢ lyte Changes A Hypergl of Medullary Ore
;n

As mdicated m Chapter 1 the disposal of glucose loads may occur
through at least three pathways glycogenation glycolysis and the hevose
monophosphate shunt which rejems glyeoly«is at the pomnt at which
phosphagly ceraldchyde 1s formed In vtew of the deglycogenating action
of epinephrine 1t 15 cbvious that at least at the height of the cpinephirine
action only the latter tno pathways are nvamlable Nothing 1s known
about electrolyte ¢t anges during the opcration of the hexose monophos
phate shunt but glycolysis 13 accompanied of course, by phosphorylation
This abstracts morgame phosphorus from the serum In the juvenile dia
betic the decreace 1n concentration of <crum morgante phosphorus follow
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mg epiephrine 15 less than n the nondiabetic control despite the more
prolonged nse 1n blood suger m the diabetic patients These gnd the
changes 1n the other electrolytes are described 1 greater detail in Chapter
12

D Pheochromocytoma Clmcal Hyperadrenahsm of Medullary Ongm

The earher chimeal reports of pheochromocytoma emphastzed the oc-
currence of episodic hyperglycemia or glycosuria as diagnostic features
(14a~f) Glucose tolerance tests were also abnormal at times All of these
changes are 1n keeping with the known hypergly cemie effects of eptneph
rine and the loss of tolerance for glueose which accompantes deglycogena
tion of the hiver and the hrine-imduced peripheral blockade of glu
cose disposal (15), 1f such there be

However, as knowledge of this syndrome has increased through autopsy
matenal consisting of previously und d pheoch:
evident that carbohydrate changes are not indispensable features As a
matter of fact, hypertension intermittent or persistent, may be the sole
finding (14d) Hence carbohydrate alterations, like the responses to the
histamune, adrenolytic, or cold pressor tests and the signs of autonomic
overactivity such as sweating, tachycardia, or mcreased basal metabohc
rate, may or may not be present 1n this entity

ytomata, 1t 18

E Carbokydrate Effects of Demedullation

Though loss of the adrenal medullae leads to mnsulin hypersensitivity
(16a~c), there 15 no evidence of any associated spontancous carbohydrate
disturbance There are no data concerming hyperglycemic and electrolyte
changes following adrenalin admimstration to such subjects or pattents,
though they may well oceur

II. The Adrenal Cortex

Al three of the major groups of sterords 1solated from the adrenal cor-
tex {the 11-desoxy, 11-oxy, and androgemc) have been shown to affect the
termediate metahalsm of foodstufls i addition to any other mumeral-
regulating and androgenic actions which they may possess

A Carbohydrate Effects of an 11-Desozysterod, DOC

11-Desoxyecarticosterone or DOC has relatively little capacity to mduce
glycogen deposition in the liver of adrenalectormzed animals when com-
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pared to the 11-oxysteroids such as cortreone or hy drocortisone by mezns
of bioassay (17a-)) The low rating 1s 1n Leeping with the chiieal expeni-
ence that 1 Addison’s discase DOC does not provide adequate control of
hypogly (18a) The ap of a more normal oral glucose {oler-
ance curve m Addison’s disease following DOC m place of the flattened
response scen 1n the untreated patient 13 largely, and perhaps entirely,
attributable to the restoration of eirculatory effiiency as sodum and
water deficits are corrected by the predominant mneral-regulating action
of this hormone Cortisone does not have this action 1n adrenalectormzed
rats (18b) DOC atself 1n subjects with functioning adrenal cortices may
amelorate chnical and expenimental diabetes (19a—c) The fact that ad-
renalectomy does the same suggests that both procedures remove & dis-
betogentc factor (19d-f)

Until the advent of aldesterone or electrocortin 1solated by Rexchstem
et al (20a~c)} 1 1953, a mineral regulating steroid some 25 times more
potent than DOC, 1t had been convenzent and justifiable to believe that
the absence of oxygen from the 11-pomition stremgthened the mineral-
regulating effect of a sterovd and weakened 1ts carbohydrate effects DOC
and cortisone were usually contrasted 1n this regard, smce the latter pos-
sesses but 1/25 of the electrolyte effects of DOC, milligram for nulligram,
while 1t exerts a far more potent mnfluence en the intermediary metabohsm
of foodstuffs The demonstration that aldostcrone 1s sn hemmacetal with
an oxygen In the 11-position has upset this neat classification This sterord,
present 1 the amorphous fraction of extracts of the adrenal cortex of
nmmals and 1solated from the urine of patients with disorders of mineral

as mn neph and 1cal hyperactivity or tumor
{20d-g), exerts a mineral rcgulatmg effect more marked than that ex-
nbited by DOC It al<o possesses a capacity to induce glycogen depost-
tion which, 1z comparable amounts, 1s almost as great as that of eortisone
or hydrocortisone (20g) However, since aldosterone 18 secreted in much
smaller amounts than 1s true of hydrocortisone 1t 13 1mprobable that the

d output does ficantly infiuence carbohydrate metabolism
Its chief role appears to ie 1n the regulation of sodum, potassium, and
water exeretion i conjunction with other steroids of the adrenal cortex
In the normal amimal 1t facilitates the reabsorption of sodium from the
distal tubule and enhances the renal exeretion of potassium Ths 13 also
true 1 the adrenalectomized water-Joaded ammal 1n contrast to the so-
dmm dmreuc effect exerted by steroids such as hydrocortisone (20h)

the al 1 chlonde tion induced by alds
are secondary to the sodum change This 1s certamly true in the case of
DOC (21), though 1t has not been demonstrated for aldosterone
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B The Effects of 11-Oxysterords Upon the Metabohsm of Foodstuffs and
of Carbohydrate i Particular

Steraids of thns ty pe, such as Cpd E or cortisone (17« by droxy 11-dehy-
drocorticosterone), Cpd F or hy drocorticone (17a-hy drovycorticosterone),
Cpd B (cortrcosterone), or Cpd L (allopregnan 38,17a,dtol 20 one) pro
duce drstinct metabalic changes when admmstered to normal subjects 1
pharmacologic dosage, te, 50 mg or more cach day The first of theee
steroads 1s present only 1n small amounts 1n venous blood obtamed from
humans or from the catheterized adrenals of anmmals (22a, b) and henee
15 looked upon as largely a laboratory product The others are among the
30-0dd sterosds which have been 1<clated from the adrenals (22¢c-¢)

1. Effects on Protein The adminstration of any one of the compounds
cated, or of ACTH, to healthy subjects produces an antianabolie effect, 2 ¢,
the ordinary daj -te day replacement of tissue proteins 1s decreaced while
breakdown continues at an unabated or inereased rate (231-¢) The work
with Ni+-tagged gly eine and related techmes <hows that the incorporation
of admimstered amino acids into body protein 1s retarded by adreno
cortical steroids (24a—f) A negative balance of mitrogen or interference
with protein synthesis results In the earher studies & nsing urie acid
creatimine ratio 1 urine was employed as an index of this effect, but this
has been abandoned Jargely because 1t 1s erratic and cumbersome (23)

This net catabolic effect of admimstered 11-oxysteroids has been fre
quently observed 1n amimals, 1n healthy human subjects, and 1n patrents
{26a-1) However, m many patients this negative balance of mtrogen may
not be present, or, 1f present, soon disappears 1 the face of contimued
sterord therapy (261-1) Our experiences m this regard have been sum-
marized clsen here (26m) The reappearance of nitrogen equilibrium or the
deyelopment of actual mitrogen retention represents o benefietal effect of
11 oxysteroids which cancels the <o called ‘ toue destruction’ of protem
1n tllness (278 b)), if such there be, and leads to mtrogen storage in excess
of the expected antianabolic effect of the hormone It becomes evident only
when a high ealone high-mtrogen ntake 15 provided and especsally at 4
time when the patient 1s beginning to improve The studies of Rupp,
Paschlis, and Cantaros (28a) mdicate that the admimistration of po
tassium salts has no mtrogen sparng effect under circumstances which
lead to negative balances of body proten during steroid therapy, but
these results differ from the carher findings of Whitney and Bennett (28b,
¢) Meacurements of amino acids following adrenocortieal oxysteroxds
show a rise to be present regularly mn the plasma, though the effects upon
mdisidusl amino acids are varable (292 f) and the changes in tssues
~ary with the organs studied (29g) Thus the hadney 15 but little affected,
the hver shows & general though not universal decrease, and the amino
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acids, with some exceptions, mcrease markedly m the skeletal muscles
(29g)

When the net antranabolic effect 1s present, some of the resultant ex-
cesses of amino acids are converted to glucose followmg removal of the
NH, group n the hver with sub d unipary excretion of
mtrogen (20¢, e) The degree of this gluconcogenesis depends of course
upon the particular amino acids present, and occurs 1n accordance with
the outhne in Chapter 1

2, Changes in Lipid Metaholism. The oxysteroids have been shown
to mcrease the gastromtestinal absorption of fats m patients with steator-
rhea of the sprue type (30a—¢) In normal subjects the assimlation of fats
13 all but complete and hence further increase as a result of steroid ex-
cesses would be negligible, 1f present (31) It might also be pointed out that
1 adrenocertical msufficiency of the Addison’s type steatorrhea 1s not a
climeal symptom, though quantitative studies on fat excretion are lack-
mg

The sdmimstration of oxysteroids and, to a lesser extent, of ACTH
alters the serum lipid levels In some of the early studies i control sub
Jeets a uniform decrease 1n cholesterol was noted following ACTH and
ww as suggested that this represented utilization of this iprd for adrenal

(32a) In subsequent v, 1 humans and 1 am
mals the bulk of the reports indieate that oxysteroids and ACTH
pharmacologic dosages usually increase the level of serum cholesterol, of
phospholipids, and of fatty acids with a drop in neutral fat (32b-h) An
nitial by pocholesterolemic effect may be present (32a, ), with continued
therapy this effect tends to decrease (32f) These changes i the serum
Tipid levels can perhaps be nterpreted as representing part of the process
of the mobilization of fat from tissue stores with a lag n storage and 1
disposal by the iver and at other sites (32¢,1)

There 15 also evidence that the mtermediary metabolism of lipids 15
modafied by steroid therapy It has been noted that these agents decrease
Letone body formation (33a-1) This 15 certainly mn part a result of the
well-known glycogentc effect of oxysteroids (171, j), since 1t has been
amply demonstrated by Mirshy et al (15) that deglyeogenation aceentu-
ates hetosis wnle reglycogenation mimimizes 1t Other factors how ever may
also be operative The work of Kinsell et ! with diabetic patients main-
tained on carbohy drate-free diets of protemn and fat indicates that gluco-
neogenesis 1s greatly increased beyond that posaible from the ammo acids
{33a ¢, d, f) Ths points to a transformation of fatty acids to glucoce
and therefore represents a decreased consversion of faf fo acetoacetse and
beta hydroxybutyrie “hetone bodies ”” Possibly oxy steroids have such an
cffect The lessened ketosis after oxysteroids 1s a vaniable matter depending
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on the experimental condittons (34) but 1t cannot be attributed to 8 greater
ketone body disposal since they disappear at usual rates when sdmmstered
(34) It may be however that other deviations 1n fatty scd metabolem
are induced by oxysteroids

It has already been noted that the fatty scids and glycerol which are
get free by oxysterotds are converted to glucose via gliconeogenests The
remainder of the released hipsds are erther utilized directly 1n the tissues or
redeposited centripetally In patients the net effect of this last proeessis s
remoulding of body contours of the type seen 1n Cushing’s syndrome, re
sulting 1n thin and even spindly extremitses and a bulky trunk, a fat psd
overlying the lower cervical vertebrae (the so called buffalo hump), &
rounding of the cheeks (referred to as the moon face), and a stretching
of the lower abdomen and other parts of the trunk with formation of
striae These striations, n contrast to those seen n ordmary obesity or
1n pregnancy, assume a purple hue as a result of dilatation of vessels and
extravasations of blood

The seborrhea and acne which almost always develop with continued
11-oxysterard therapy should be mentioned under the subject of lipd
changes, cven though androgeme steroids probably play the major etio
logre role This overlap of adrenocortical steroids 1n their effects 1s true n
other respects We have already referred for example to the overlap of
the mmeral regulating steroids, such as DOC and aldosterone, and of the
1-o ds 1n ting the retention of sodum and the excretion of
potassrum

3. The Carhohydrate Effects of the 11-Oxystercids 1t 15 evident
from the preceding two sections that the 1l-oxysteroids accelerate the
new production of glucose from protemn and from fat This presents the
orgamsm with an mcreased carbohydrate Joad The glycosuna which re
sults must be differenttated from the renal glycosuric effect of adveno
cortical sterords (33g-1)

a Mechanisms of Carbohydrate Intolerance Follounng Adrenocorti-
cal 11-Ozystermds It 1s theoretically possible that 11 oxysterords interfere
with carbohydrate metabolism by aceelerating the destruction of nstlin,
by blocking the penetration of glucose ito cells by mterfermg with the
ATP mediated phospharylation of glucose, by wupedmg the disposs] of
the phosphorylated hexose via glycogenatton glycolyss, or the hexose
monophosphate shunt, by blockade 1n the Krebs cycle 1tseli, or by slowing
the new formation of ATP which 1s achieved via the Krebs cycle Asanal
ternative 1t may be that disposal remains virtually intact (34b, ¢) while
gluconeogenesis presents a carbobydrate load which excecds the capatity
for disposal Finally, a combination of impaired disposal and mereased car
bohydrate load may be present The data wdieate the last of these to be
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the most likely explanation (35a-f 363—d) The work of Elgee el al
(350, b) clearly suggests that the t of

by 11 oxysteraids 1s not mediated by accelerated destmctmn of msuln as
a result of excesses of growth diabetogenie factor

The studies of Levine et al with adrenalectomized eviscerated animals
maimntamed with or without msulin 1ndicate that oxysteroids do not dis
cermbly nfluence the volume of distnbution and hence the entry wto
cells of exegenous hexose 1n such preparations (37) From this they con
clude as others have done (23a) that the disturbances in carbohydrate
metabolism produced by oxysteroids 1n intact animals have their site of
origin and action largely 1n the Iiver However the studies of Bornstemn
and Park (38) and Stadie et ol {35e) show that w tmtre the uptake or
utilization of glucose by rat diaphragms may be mhibited under specifie
experimental conditions

Evidence 1s also available that these hormones do block the utihzation
of glucose mn tissues at an unidentified pownt m the citric aad cycle
pyruvate levels merease (391 b) and eitrie acid formation decreases (40)
This may be an ant1 msulin effect exerted at the hrebs cycle or elsewl ere
1n keeping with the fact that experimental ammals become extremely re
sistant to the lethal hypoglycemic effect of mmsulin when maintamed or
11 oxysteroids (41)

The early work of Conn et al with ACTH (422 b) suggested that the

1on of gl )} d the hyperglycemia and glyco

surta produced by this hormone in a healthy volunteer This was attributed
to possible conversion of an alloxan hke metabolite to nondiabetogeme
dialurie acid 1 the presence of glutathione Others have alco suggested
that the availablity of sulil ydryl groups from glutatlnone protected the
aslet cells in the pancreas (42¢ d) Subsequent work however has indicated
that glutathione may not decrease after oxysteroids (42e f) and that the
carbohy drate ntolerance wlnch develops (42¢ h) ean be related to pro
lungatmn perhaps of cortisone survival

Trresp of the actual h mvolved the fact appears to be
that the orgamm receving 11 oxysteroids 18 incapable of disposing of
glucose as reachly as normal at the same time that the carbohy drate load
13 d through gl The it d demand for
nsuhin s evident 1n the d 1 and gly cogen mfil of the beta
cells of the pancreas {421)

b Glycogenating Effects of Oxysterorls Two mportant prerequisites
for deposition of gly cogen 1n the hiver are the presence of adequate or even
excessive amounts of carbohydrate and sufficient insulin Both of these
conditions are met n the subject recerving 11 oxysterosds despite the
ant1 msulin effects which have been descrtbed and glycogen 1s therefore
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laid down As a matter of fact this 1s such 2 characteristte feature of
11-oxysteroid action that 1t has been employed, s mentioned earher
(17a), 1n adrenalectomized mice as a broassay techmque for 11-oxyster-
oids of natural or synthetic origin

¢ Carbohydrate Changes wn Patients Recewing Ozysteroids Despite
the mereased gluconeogenesis and the evidences of some type of msulin
blockade, animals and patients recerving ACTH or 11-ovysteroids are al-
most always able to dispose of carbohy drate loads without cvidence of un-
due hyperglycerma and gly cosuria However measurements of the glucose
assmlation cocffictent indicate that quite regularly the peripheral dis
posal of glucose 15 mitally dimimished by cortisone (43a, b) The ocea-
sional devel t of chimeal diab mellitus during steroid or ACTH
therapy probably represents the unmashing of a latent tendency to dia-
betes (43c-f, 44a-e) In our experience based on the therapy of a total
of more than 300 cases of rheumatic carditis, nephrotic syndrome, and
other diseases 1 children and m adults with corticone or ACTH we have
seen but four cases of diabetes mellitus appear (sce figure 3-2 and table
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TABLE 3 II

Occurrence of diabeles 1n patients under care of author and hs colleagues

while recerting ACTH or adrenocortical sterords

53

7o of | Derelop:
Dysease State Age Group Therapy ITreatment; ment of Ref
D abetes
Rheumatic fever,im | Children | Cortisone300mg q 55 Zero | 43¢, d
tial attack d 6wk, decr to
zero 6th-8th nk
Rheumsatic fever,re | Children | Cortisone300mg q | 53 Zero | 43t
current attacks d 6wk, decr to
zero 6th-8th sk
Nephrotic syndrome | Chsldren | ACTH 100 mg qd | 30 Zero | 43e
28d
Nephrotic syndrome | Children | ACTH 100 mg qd | 106 One | 43t
284
Nephrotic syndrome | Adults | ACTH 200 mg qd | 3% One [ 43
284d
Lupus erythematosys | Children | Cortisone  100-200 7 Zero | 43f
disseminatus mg for 12mo or
longer
Lupus erythematosus | Adults Cortisone—up to 1 9 One 43f
disseminatus /day & ar &
ACTH for months
or jears
Pemphigus valgars | Adults | Cortisone—up to 1 3 Zero | 43f
gm/day T or §
ACTH for months
or years
Beleroderma, Adults Cortisone—up to 1 4 One 43f
gm/day € or §
ACTH for months
or years
Periarternitis nodosa | Adults Cortisone—up to 1 1 Zero | 431

gm /fdzy & or 3
ACTH for months
or years

3-1I (43e~f) The admimstration of these agents to known diabeties usually
Tatses the insulin requirement (44f-h) (table 3-1IT} On the other hand,
diabetes precent 1 hir«ute women may actually require a lower dosage of
msulin during steroid therapy This happened in three cases reported by
Basteme et al (441}, mlule mn five others the requirement rose

In some of the patients the recorded peak and the two hour level 1n
glucose tolerance tests smtrally do show a nsc above the pretherapy re-
sponces (452 b, 461,b) Furthermore the cleetrolyte changes which ac-
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TABLE 3 IIt
Zffect of ACTH or sterord therapy on wnsulin requirement of Juvensle diabetics

[Maximun Tosalin
Dosage

Patient Age Daagnous Therapy
Bleé:re Duxrxlnl
me/d wd | wd
J D 30 | Diabetes melhitus + ne | ACTH 200 40 60
phrotie syndrome
J L 16 [ Diabetes mellitus 4 nephritis | ACTH 100 44 06
TB 10 [ Dizbetes mellitus -+ rheu | ACTH 80, corts | 52 | 145
matic fever sone 300

company accelerated disposal of earbohydrate following insulin or glucose
may be less marked (46a) than in control subjects, even when the blood
sugar responses themselves are not alfered

Insulin tolerance tests also show some impasrment of response upon
miral admimstration of ACTH or adrenocortical oxysterods (46b) This
appears to be less marked with ACTH (45a, 46¢)

d Charactenstics of “Sterord Diabetes” Wilder (47a), Bookman et al
(44e), Forsham and hus colleagues (47b), and others (47¢, d) have pomnted
out the salient diff between t diabetes meMitus and that
which follows ACTH or oxysteroid therapy, the latier 1s a) highly re-
sistant to insubin, b) accompanied by losses of body protem, ¢) charac-
tenized by mereased amounts of liver glycogen, d) more resistant to ketosts,
) more susceptible to fasting, f) present with other features of adreno-
cortical overactivity, and g) reversible after hyperadrenocorticism 1s cor-
rected

¢ Transient Nature of Carbohydrate Disturbances Desmte Con-
tinwed Oxysterord Therapy Just as the negative balances of nitrogen may
become modified with continued therapy, there 1s evidence that the carbo-
hydrate intolerance may be a transient phenomenon (26!) This has becn
reported by Bastente et al (43a,b) It has also been nated that ultimately
the patient may actually show an mcrease 1 carbohydrate tolerance
while on ACTH or cortisone beyond that present prior to therapy This
has been attnibuted to d d production of end steroids {43a,
b) and 1s in line with the observations i certan hirsute diabetic svomen

441

¢ It)hus also been suggested that prevention of potassium defieits or the
use of pot. pl tation 1nfl the carbohydrate disturbante
(48a-d) and that sodwm restriction benefits (48e) or aggravates (48a, d}
decreased carbohy drate tolerances It will be recalled that attempts to
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demonstrate an effect of potassium upon the negative mtrogen balances
during ACTH cortisone regimens were sumlarly successful and unsuc-
cessful

| Use of ACTH or Oxysterords win the Therapy of Spontaneous Hypo-
glycemua This has been reported to be followed by control of symptoms
and blood sugar levels 1 most but not all instances of the nomnsulinoma
type (49a~f)

C The Effects of Androgemic Sterowds upon the Intermediate Metabolism
of Foodstuffs

The and; steroids of adi tical or gonadal origin 1n pharma-
cologic dosage exert a protemn anabolte action (50a-¢) which leads to the
deposition of nitrogen and electrolytes such as phosphorus and potassium
1 tissues They, 1n conjunction with estrogens, presumably determine
the configuration of body musculature and size 1n the male, and the degree
and distmibution of body fat It has already been indicated that these
steroids play some as yet unclarified role 1n seborrhea and acne The
writer 15 unaware of any direct influence of androgens upon carbohydrate
metabolism

D Adrenocortical Hyperfunction

In primary aldosteronism resulting from an adrenocortical tumor which
18 producing this mineral-regulating steroid one finds retention of sodium,
deficits of potassium, alkalosts, defective renal excretton of water but no
cvidence of alteration in the metabolism of earbohydrate, fat, or protenn
{20f) This 13 1n keeptng with the fact previously discussed, that even
though this steroid 18 of the 11-ovy type and does have glycogenie prop-
erties when given n pharmacologic dosages, 1t 13 not present in sufficzent
amounts, even 1n the case of tumor, to exert any detectable influence on
the dary bolism of food

Patients w1th hyperplasia, adenomata, or cancers of the adrenal cortex
which produce Cushing’s syndrome changes do elaborate large amounts
of 11 oxysterords These induce marked alterations in the metabolism of
foodstuffs with evidences of mtrogen wastage from muscles and bone,
redistribution of body fat, and frequent but not 1nvarable impairment of
carbohy drate metabolism (24a, 47¢, 51a—e)

We have no evidence that female patients with the bemign form of
vinhzatien (1ncreased facial ha, 17-L d output 1o the
range with a decrease upon cortisone therapy, and no evidence of pelvic
or adrenal tumor) have any altcrations in carbohydrate, fat, or protemn
metabolism (52) Glucose and 1nsulin tolerances and electrolyte changes
are within the usual range Glucose as well as insulin tolerance studies
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m the adrenogemtal syndrome of infancy and childhood have been erther
within normal limits or have revealed relative or absolute hypoglycemia
(53a-1) In the latter instances the change 1s attributable to 4 deficiency
of oxysteroids rather than to excesses of androgeme steroids

Summary

The medulla of the adrenal cortex elaborates epincphrine and nor
epmephrine which produce hyperglycerma by deglycogenation of the hver
and perhaps by blochade of the peripheral disposal of glucose Increased
gluconeogenesis from fat and proten, and cony erston of lactic actd set free
from degly cogenation of muscle to liver gly cogen or to blood glucose may
also play a role

The 11 oxysteroids of the adrenal cortex of which hydroxy corticone
or compound F 15 the chief example alter carbohydrate metabolism by
wmereasing gluconeogenesis from amino actds and perhaps from fats These

ds exert an ant bolic effect upon the incorporation of ammo
acids nto tissue protemns, thereby providing a larger amino acid substrate
for gluconeogenests In addition, as 1 the case of diabetogenie growth
hormone studies with rat diaphragms indicate that utihization of glucose
for formation of tissue glycogen 1s dimimshed In the liver, however, the
11-oxysteroids facilitate the formation and deposmtion of glycogen and
presumably thereby minimze the formation of hetone bodies despite the
concormtant overproduetion and under-utilization of glucose In expen
mental animals this steroid type of diabetes 1s accompanied by histologic
evidences of beta cell mjury and destruetion On the other hand loss of
adrenocortical function results m hypoglycemis by virtue of dimmished
gluconeogenests, removal of the peripheral blockade of glucose utiliza
tion and dimimished liver glycogen stores
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decreased utilization of foodstuffs most hypothyroid patients are not fat
(41), presumably because the illness interferes with the usual calore
mtake In contrast to the hyperthyroid patient, serum lipsds and choles
terol values are regularly mnereased 1n myxedema (4e)

C Upon Glycogen Stores

1t has Jong been hnown that the administration of thyrovin for several
days results in marked depletion of liv er glycogen stores (3a, 5a-¢) Muscle
glyeogen glso drmamishes (5d) Tins 15 a specific effect of thyrovin which
cannot be eancelled even by igh carbohydrate diets, and represents there-
fore a shift 1n the equilibrium which mamntains the store of hver glycogen
toward in¢reased glycogenolysis or decreased glyeogenesis

D Upon Glucose, Insulin and Ipinephrine Tolerance Tests

Fasting levels of blood sugar in hyperthyrotdism are probably not greatly
different from normal, thovgh adequate contro] data might support the
contention voieed mn the older writings that relative hypoglycemia 13 ab
times present (6a) The admimstration of glucose produces an undue hy-
perglycerma (Gb-c) with a return to the usual 2- or 3 hour levels 1n most
but not all subjects

The blood sugar resp fe g insulin ad tration or epneph
rine njection probably depend mn the matn on the status of hiver glycogen
stores If these are adequate as m hypothyroidism, the response 1s in-
distingwishable from normal but may be augmented, 1f glycogen 1s de-
pleted, as i hyperthyroidism, msulm evokes a greater degree of hypo
glycemia and epmephrine results mn lesg of a blood sugar rise (%a, b) In
anmals athyreoss deereases absorption and decreases peripheral utihza-
tion The fact that the disposal of exogenous carbohydrate 1s dimtnished
1n terms of tolerance curves after thyroideetomy indicates that the latter
has the greater net effect (81, b}

II. The Experimental Production of Dialietes Mellitus by
Thyroid Admimistration

Haussay and Ius co workers (92~c) have shown that 1 some partially
depancreatized ammals with islets reduced to one sixth or onc-eighth
of normal, hyperglycema, glycosuna, and other cvidences of diabetes
can be preepitated by desiceated thy roxf 1 toae dosng‘c‘, Di to 20 gm

wn A Al

dence ol dig-
large amounts of exogenous thyroid do not produce any ev
betes 1n an ammal with an mtact pancreas (9a), nor arc they effectrve if
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ven for several d1ys only (9d) In such ammals the bz = = o>
ets of Langerhans may or may not be morpholopeal— sz yozrs
the partially depancreatized animals which des elop the Swse =
ahnization, and other evidences of 1<let damage are s, ~ o=
4) The studies of Fraenkel Conrat ef al (9¢) mmdies » 1z =—=
creases the msulin content of the pancreas This sugrers Tz
tes which develops 1n the putially depancreatized szmmss ~=—apes
1 exhaustion of the islets Houssay (9b) 1n 1945 mterprees-
 the result of a combination of alimentary hyperg-eesw: = v _
rect toxic action of the hormone on the pancreas
Molander and Karschbaum (9f) have employed allogerzs == =

the diabetog action of cvoge thyrod Tler =
rst recerved alloxan m amounts msufficient to produce Exmme -
quent adnumistration of dewicented thyroid for a period of e =, -
roduced the diabetic <yndrome together with lesions of &~ »
From the above studies 1t 1s clear that thyroxin or thy s’ = mew
an produce ultimately but not mmmediately, damage 23 2v=e -
f the rem umng msulinogenie portion of the pancreas

d or letel d ammals but that free
sult only 1n a reversible lesion

I Spontaneous and Induced Iyper- and Hypotyrwlom
1 ITuman Diabetes

The Occurrence of Duwabetes wm Hyperthyrovhem go? - .

thyrowdism 1n Diabetes

In contrust to the defimtely greater meidence of digheas -
cromegaly or Cushing s syndrome due to excessive anterye - .
Irenocortical actrvity, respectively there was at one tums ges o
hether the frequeney of elmical drabetes 1s higher in patierss -, o
1yrodism .
Joslin and Lahey (10a) m 1928 reported 43 instances of e
yroidism 1n 4917 diabetic patients Andrus (10b) reve=.
ries at Johns Hophins a few years later found three ps ~
oth duabetes and hy perthyroidism n a series of 200 Fypr
ve cases of hyperthy roidism among 400 ditbeties He o
oshn and Iahev that the comeidence of hyperthyrodis,
i no greater than the inerdence of diabetes 1n any ungt.. .,"_”
atients Howeter, as more precise indices of hyperthyro e, *  ©
eveloped and as experience has mereased, 1t has become ¢

.

o

ctes docs actually occur more froquently mn the hyperthy, = =27
nd that diabeties are more apt to develop thyroid overg- .. ‘:‘f
he data of Regan and Walder (10h) breed on 1882 patiy. f_
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thyrowdism of whom 32 per cent had diabetes suggest that the type of
hyperthyroidism 15 a determining factor Thus m the exophthalmie goiter
group 17 per cent had diabetes while 1n the toxie adenoma category 56
per cent developed diabetes They suggest that the higher inedence m
the latter may be attributable to the longer duration of untreated thyrod
overactivity

B The Sumultaneous Occurrence of Diabetes Mellitus and Spontaneous or
Induced Myzedema

In some of the earhier chmcal reports it was suggested that thyrod
underfunction protected the patient against the development of diabetes
{11a) This was m all probabihty a premature and mvald conclusion
though substantial statistical support of the type present for hyperthy
rowdism 1s lacking Certainly 1t 1s amply clear that the two entities can
and do oceur 1n the same individuals (41, 11b-n), even though the actual
eidence has not been defined The posubility exists that the lessened
rates of absorption from the gastromtestinal tract and the decreased m
take present 1n my<xedema have a benefictal effect upon the regulation of
the diabetic It has also been reported in a very small number of pabients
that total thyroidectomy 1n diabetics without antecedent thyred dis
turhances facilitated the contro] of diabetes (1lo-q), though the myx
edema thereby imduced w as of itself troublesome

C Aggravation of Pre-Emstent Diabetes Mellitus by Spontaneous Hyper
thyrowdism and s Amehoration

There 1s ample evidence that the development of hyperthyroidism i 3
patient with diabetes mellitus aggravates the carbohydrate disorder and
ratses the mnsuhn requirement (12a-d) Diabetic coma and thyroid enses
have even occurred simultaneously (12e, f} Converscly, the control of
hyperthy roidism or the production of myxedema as a result of surgreal
or medical therapy generally (12a-d}, but not always (12g), ameliorates
the disbetes There 1s some suggestion that this effect 15 more readily
achieved 1n toue adenomata than m exophthalmie goiter (12h-j) whieh
presumably origmates m the prtwitary gland

D Effects of Thyrod or Thyronn Admumstration to Diabetic Children
and Adults

It has been shown that the admmstration of sodium I-thyroxmn 1

ts sufficiently 1n evcess of end produetion of tlus hormone

rarses the basal metabohe rate and the level of eirculating protein bound

1odine 1n ammals as well as 1n humans (13a—f) Tn these two regards there

fore such regimens duplicate chinieal hyperthyroidism However such ad
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ministration of thyrown to diabetie children and adults m our chinie and
hospital populatron has been shown to have no tmmediate cffect upon the
msulin requirement as reflected n quantitative and qualitative urine
sugar analyses (table 4 I) (13d) Chronuc or contmued thyrod or thyroxin
therapy does howcver aggravate the intensity of chinical diabetes (figure
4 1 taken from our unpubliched studies) In alloxan diabetic animals an
amehoration of hy pergly cemia has been noted during the first month of
thyrown therapy with mnereased glycemia thercafter (13g) It 1s therefore
elear that this hormone does not have a prompt ant: msulin effect of the
ty pe exdubited by the diabetogenic growth factor of the anterior pituitary
or by certam of the adrenocortical steroids

IV How Does Hyperthyrosism Aggravate Disbetes®

A number of the older and current workers have expressed the view that
the delctenious effeet of hyperthy roxdism upon drabetes 1s nonspecific (111,
123, 14) and related perhaps to the total energy exchanges Our own data
presented 1n table 4 T indicate that the well cstablished deleterious effect
of hyperthyroidiem upon diabetes mellitus must represent o sequel to the
hypermetabolic or other effects of thyroxin This 1s 1n keeping with ke
absence of 1mmediate effects and their presence after continued or chroni=
therapy Such 1 sequel could be the result of the net metabolic action ¢*
thyroun or 1t mught represent the cffects of partial starvation Other
pos<ibilities include inady ertent overinsulimzation of the hyperthy roid doz-
betie or some ultimately deleterious influence upon the intermed.sie
metabolism of glucose mediated through disturbances of enzymes such 2+
hexohinase nsulingse anti insuhnese phosphorylase ete

A Possible Aggravation of Diabetes as ¢ Consequence of the Net Met=
bolic Effect of Thyromn

Thyrown 1s hnonn to accelerate glucose catabolism 1n tissues ber o
witro and in the intact animal (24-d) One would expect that f th e xome
M ’ f .

[

.
degly cogenating effect upon the hver even when carbohydrate = ge 5y
high {3a 5<-e), and b) 1t increases gluconeogenesis from bodr T
(31-d) The first of these mahes more difficult the regulation ot ¢« g ,
betie, since liser glycogen stores are not available to cover f,s g2o
1stered msulin between periods of food intake The second o» g:p(—»;.
gente action of thyroxin raises the load of carbohydrate Presesis 4n the
diabetrc orgamsm for disposal Hence, the deleterious effect of sessgops of
thyroun in the diabetic might be explicable by a predomizzs » o'htb'
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degly cogenating and gluconcogenie action over the peripheral eatabolic
effect

B Partwl Startation as a Possible Cause of Aggravafion of Diabetes
by Hyperthyrowdism
DuBors (4a) has shown that in hyperthyroidiem there 15 a one and
one half to two-fold increase 1n total ealorte expenditure If the diet of a
Iy perthyroid diabetic 15 not increased m these proportions sermi-starvation
develops Under such eircumstances the control of earbohydrate metabo-
Iism becomes more difficult (15a, b)

C Ouennsubmzation as the Cause of Increased Insuln Dosage wn the
Hyperthyrowd Diabetic
It has already been pointed out that in hy perthyrordiem glucose and

other sugars, as well as fatty acids such as oleie, are absorbed more
rapidly from the gastrointestinal tract This 1s attrbutable 1n part to a
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In this 15-3car-old juvenide diabetic the dulv mgestion of 10 mg of rodum
1 thyroun mercased the msuhn requiremeat from 50 umts to 63 units per d1y con-
comitant with » production of tachseardin and a fise i the srrum protem-boun §
todine The ree m msulin dosage perasted for severl weeks following withdrawal ;
of thyrouin and then returned to pretherapy Ievels (unpublished data)
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lar 1nterest since the diabetes was aggravated at each menstrust persod
and ameliorated by lage amounts of estrogens Others have since voieed
the opinion that 1n their patients such beneficial responses have been pro
duced (17m-o0) The most 1nteresting of these scries 1s MeCullagh's (170)
of s1x acr lic diabeties Istrogen therapy not only im
proved the diabetes clineally and, in five patients, an terms of the glucose
tolerance response as well, but also controlled the acromegaly as reflected
m a lowenng of the elevated serum morgame phosphorus levels and de
creases in hand and foot size
These 1solated observations do suggest that there may be clnical sup
port for a beneficial action 1 diabetes of large of estrogens and
the aggravating effect of small dosages It 15 probably premature to con
sider this evidence conclusive because of the difficulties of climeal expent
mentation mn a group of pattents where many variables other than estrogen
admmustration are undoubtedly operative One might ecite among these
the “placebo effect,” and the natural tendency of newly discovered dia
betes to ameliorate

Summary

Thyroxine and presumably truodothyrommne factlitate the peripheral
disposal of glucose, deplete the liver of glycogen, and nerease gluconeo
genesis The production of experimental diabetes 1n partially depancrea
tized or incompletely alloxamzed anmals and the aggravation of pre
existent diabetes 1 humans by excesses of thyrod hormone are well
documented It 1s obvious 1n view of these circumstances that the enhance-
ment of glucose utihization by thyroxine n tissues 1s of insufficient degree
to overcome the eftects of glycogen depletton and ncreased gluconeogene-
s1s Additronal factors which may play a role i the intensificatton of
clinical diabetes by thyrod overactivity melude an increased metabolic
turnover or a starvation effect (depending on whether the diet 1s mcreased
or fived), the ncreased absorption of glucose from the gastrointestmal
tract and by the renal tubules, and the development of madvertent over
1nsulinization, and mereased destruction of msuln Correction of hyper
thyrowdism or the mduction of hypothyroidism m previcusly euthyroid
diabetics ameliorates the intensity of the drabetes

Estrogens 1 small amounts can aggravate diabetes while the admims
tratron of larger amourits may decrease ypergiyvenic w amdin areds.
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CHAPRTER 5

The Prod of Diab by GI
and by Chenucal Agents

The work based on extirpation of the anterior pituitary adrenal cortex
thyroid or gonads and tl e injection of their products reviened 1n the pre
ceding three chapters has gerved to identify some of the conditions under
which these endocrines nfluence carbohydrate metabolism In seeking
possible nonendocrine dinbetogente agents 1t was logeal to test firat the
cffects of large glucose loads Pancreatic 1slet damage was thercby pro
duced Later tle finding of blood sugar changes followieg the admynistra
tion of allovsn (a compound related to il e punnes and pyrmidines 1n

- - 4 3 ..

aad and dehydroascorbic actd which contarn chemical gopwgs re
- B

ings may represent theretore another type of expenimentsl dateteg 4n
duced by orgsnie chem cale Withen tl ¢ past five years a for et Zoup of
ds the fl has been employed suceessfu™y ¢ p oduce
hypesglycemia and some of l e ot! er mamfestations of diabeter These got
within the hrebs cycle produeing o block at the acomtime g0d srznent.
Finally other chemical agents such as neutral potass um ¢t e.te and
magneaium salts which may or may vot fit into any of t! e abo~g esteganies
hasve been found to produce expenimental diabetes
Tt e characteristies of these v anious ty pes of experiments! Eaboten pall
be reviewed prior to an evaluation of ther probable role ;¢

(L
production of d abetes mellitus whieh appears spontancoy. y l»};:u: B(nh,e

I The Usze of Glucose as o Diabetogenic Ageny
In 1938 Wocrner (1a) reported that mfusions of glucose p- o Jos o*
1n the pancreatic islets The subsequent stud es of Lukeny 1, .
worhers (1b-d) and others {Ie¢ ) established that the pey

~n ard e
3l or 1pET
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venous nfusion of glucose to mtact eats sometimes produced permanent,
hyperglycerma with evidences of 1mtial hyperplasta and subsequent hy

dropie degeneration of the 1slet cells The last of these changes 15 more
accurately referred to as glycogen infiltration 1n aceord with the tenets of
Duff and Toreson (1g h) and may be followed by ultimate destruction of
the 1slets Subtotal pancrcatectomy or pretreatment with alloxan m
amounts t to produce diabetes by 1tself d the action of
glucose (lc—f) Therapy with msuln imnstituted before the end of three
months but not later, permitted 1slet recovery and was followed by dis
appearance of the diabetes (1c d) It was felt that the degree of hyper

glycemia was an important determinant of islet damage These investiga

HN—C=0
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HN—C=0 0=C ¢
| N\
0=C C=0 OH
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tions clearly established that infusien of glucosc could be productive of
diabetes

II. The Diabetogenic Action of Alloxan and Closely
Related Compounds

4 Wechamsm of Diabetogeness

Alloxan, the first of the $iboratory orgame chameals with diabetogente
properties, w s shown by Jacobs i 1937 to produce a transient hyper-
glyeemia which was then followed by by pogly cama (2a) His obsers ations
of the blood sugar curves were nuted to 24 hours Tlhe ultimate by per-
slycemit which makes up the (nd stage of the multiphasic blood sugu
response to alioxan (<cc seetion B of this ehiapter) and results in pem ment.
diabetes mellitus w s reported four years later by Dunn and Mel ctehie
and therr colleagues (2b ¢) {figure 5-2) dunng « search for agent< which
would produce lower nephiron nephrosis, 1 e, acute tubulwr damage Islet
damage was obeerved in these rats This and the blood sugar effcets werc
promptly confirmed by Bailey ef al (2d e) m rabbits and rats and by
Goldner and Gomorn (2f) n dogs Subsequent studies have established
the vastenec of speeres differcnecs and defined the parameters of (feetise
dosage <chedules (2g L)

1. Factors Which Modify the Responee to Alloxan A lost of other
vartables which modify the response to alloxan has also been 1dentified
a) the sulfhydni grouping —SH, as m glutathione, eystemne and otler
compounds, and agents such as BAL which convert the ~8—8& group to
—SH proteet agunst disbetes if grven prior to, during, or wathin a lunsted
period after allovan (3a-m}, b) 2 lugh protemn dict, perhaps by providing
—SH groups (44) the admnistration of glucose and certain otlier mono
sacehandes (4b-d), or 4 high intahe of fatty acids (fe) also deereices
the diabetogente effect, ¢) sodium deficiency and perhaps potassium cx-
tesses potentiate the action of alloxan (Sa—c), d) compounds such a~
nieotinanude the furans and combinations of mtnte and pari-unino
proptophenone hive been shown to be proteetine (6a-d)

2. The Protective Action of Glutathione. Of this vanety of pro
teetine il potentiaiting agents and regimens only the role of sulfhydni
groups hazbeen acecptably eluerdited T vzarow and Patteron 131—f) have
pomted out that allovan lowers the glutatbione content of blood and t1 <ues
and that thisinterferca wath the glutathiond mediated con er1on of alloxan
to dialuric acxd a nondiabetogenie dern ative Alloxan can then cause di
reetangury to the ecfis perhaps by acting upon the —SH groups of enzymes
ind producing eruetal metabolic blochs The pancreatic 1<lets are pre-
sumed to be particularly suseeptible to thece tovie cflects of alloxan be-
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F16 52 Destruerton oF Brra Ceres or Paserratic Isters By Atzosay
Top photograph shows findings m the panereas of an untreated rabbit, dl anges
at bottom ere obtamed 16 hours following the Admmstration of alloxan 200 mg
per kg of body weight (from Dunn harkpatrich M etehie and Telfer (2¢) with kind
Jermssion of the authors & pubbshers)
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cause the g-cell content of glutathione 1s lowered by the manufacture of
nsulin which mvolses the formation of —S—8— hinkages from —SH
groups The conversion of alloxan to dinlunie acid and the relationslip of
the chemucal structure of the latter to uric acid and alloxantin are shown in
figure 5-1 Though draluric acid, unic aexd, and alloxantin have all been re-
ported 1o be diabetogeme {7a-g) it 1s probable that dinbetes oceurs only
when these compounds arc comverted to alloxan The fact that large
amounts of these compounds must be used, that they lower the glutathione
levels or are more cffectsve 1n regimens which lower them, and that the
results are sporadic are all i heeping with this view It has been shown
that oxidized eytochrome C ean effect the conversion 1n the case of dialurie
aeid (7h) Deliydroascorbic acid which 13 aleo diabetogente (71-p) bears
some chemical resemblance to alloxan

B The Ongins of the Blood Sugar Changes in Allotamized Animals

It 13 probable that allovan actually produces a four-phase change i
blood sugar levels beginning w1th a hypogly cemta which appears m 15 to
30 minutes and 1s often masked or replaced by hy pergly cemia (8a-d)

1. The Early Hypoglycemia: Role of Insulin, The studies of Gaaren
straom and colleagues (8¢, f) suggest that the hypogly cerma which may
usher m the blood sugar changes following alloxan 1s dependent upon the
presence of a functioning panereas and 1s probably due to a release of in-
sulm

2. The Early Hyperg], ia: Role of Epinephrine and of Glu-
cagon The hitherto so c:ﬂll‘d mitial hypergly cemea usually occurs within
one to four hours of insulin administration and has been attributed to
hepatic gly cogenolyms (93, b) This s supported by the abeence of such a
hypergly cennie phase in hcp'\tectomlzod nmm'ﬂs (8b) The demons!mhon
that this 13 also true of ad d and adrenal demedullated am
mals (9¢~¢) indieates that alloxan probably induces a discharge of epr-
nephrnine which 1n turn actnates Iver phosphorylase It has also been

fpd that this 13 mediated through a disch of gl from the
alpha cclls of the pancreatic 1slets (8e)

3. The Late Hypoglycemia: the Indeterminate Role of Insulin.
Between the fourth and tenth hours lypoglycemtn reappears This has
been attributed to a discharge of n<ulin from the damaged beta cells, but
1t has also oceurred though not regularly (9d, 10a-d) 1n previously de-
pancreatized ammals Bhattacharya (9f) has poctulated that blockade
of Iiver glycogenolvsis 18 responsible

4. The Late Hyperglycemia: Correlation with Beta Cell Damage.
Hyperglycerma  representing the third or fourth phace depending on
whether or not hypoglycerma was imtinlly mamfest, reappears after the
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tenth to twelfth hours m those ammals 1n which diabetogenic amounts of
the compound have been given This has been aseribed to destruction of
the beta cells (2a)

C Intermediary Metabohsm wn Alloxan Diabetes

L. Fat. During the first week of the diabetes considerable hetosis pre
vaills without comparably high urmary glucose and nitrogen exeretion
(11a-¢) This suggests an effect akin to or dentical with starvation,
though 1t may be more specifically related to alloxan induced metsbolic
changes with mobihzation of body fat 1n excess of the catabolic and
exeretory capacities of the body and accumulation of hetone bodres Lipo
genests 1s actually d d because of d hed glycolysis (12a-d)
but chol ol bolism appears ed (12a,b) Inaddition renal
tubular mjury with dimnished exeretory function (13) undoubtedly plays
a role in the marked Letonerma cited above

2. Protein As renal function mmnproves and as the diabetes becomes
maximal the azotemia which oceurs early after allovan (13) disappears
and unmary losses of vartous mtrogen ds, phosphate, pot
and glucose all nerease (14a, b) Increased gluconeogenesis from body
protein undoubtedly contributes to these urinary losses

3. Carbohydrate. The capacity to dispose of carbohydrate loads 1
decreased as a result of the insulin deficiency and the deposition of glucose
as hepatie and tissue gl - - a -
mals indicate however

cyele 18 mncrensed (15d
phosphat ds are d hed 1n the liver and the achivity of phos

;ryhatase and the bolism of phosphate altered (16a-d)

In essence the modifi 1n energy transfi and the metabo
hsm of electrolytes, carhohydrate, protem, and fat, directionally at least,
are those seen m any unregulated diabetic state nrespective of its etiology
(see Chapters 18 through 20 on diabetic coma m humans)

HI Diabetogemc Effects of Chelating Agents

Kadota and colleagues (17a—), Wolff ¢ ol (17d, ¢) Dell’Acqua and co

workers (17f-]) and others (17k~t) have demonstrated that certamn che
-~ V= Z =AY and ralated enmpounds,

1enyl-

mage

mdi-
and diabetes 1n a manner ot alloxan Agaim spLucs bus
vidual appear to diabet Kadota (17a) sug

gested that the damage to the 1slets was related to a chelation and removal
of the zinc which 15 hnown to be present in large amounts in these cells
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others {18a—g) mdieate that fluoroacctate admunstration results m forma
tion of 2 tovic fluorocitrate which impedes or stops the eitric acid ey cle at
the level of acomtime acid{ figure 1 5 1n Chapter 1) Citric acid 1ncreases
wn the tissues (18¢) In addition to the decreased utalization of hetone bodres
there 1s merensed production of ketone bodies

1t 15 of interest that one of Engel s animals which developed permanent
diabetes was found to have 1slet cell damage (18¢) This 15 keeping with
the finding that panereatic 1slet damage may occur either as a result of
a direct towc effect as with allovan, or secondary to exhaustion as nith
glucose admmstration In fluoroacctate diabetes, if findings m this one
ammal can be dupheated, the 1slet ccll damage w ould appear to result from
the blockade 1 the Krebs cycle

V. Miscellaneous Agents Found to be Diabetogeme: Chromate,
“Magnestum, Glucagon

Mosinger et al (19a) have recently deseribed hyperglycemia and islet
cell damage in rabbits following the adi ration of neutral
chromate (K2CrQ,) mn 100 mg dosage on alternate days for 4 to 9 months
At autopsy the ammals also showed hyperplasta of the adrenal coriex,
medulla, and thyrord The mechanisin of this diabetogeme action of neutral
potasstum chromate 1s unknown but the attendant endocrine changes
suggest an mteresting alliance between a chemical effect and hormonal
factors It should be r bered however that all d ammals also
show adrenocortical hypertrophy (19b, ¢}

Baar (20) has used the terms amino acid diabetes 1n deseribing the con
currences of cystine crystals in the reticuloendothelial sy stem and reducing
substances mn the urine This disturbance presumably falls into the larger
eategory of renal tubular dysfunction of which the deTom Fancon
(20b-p) syndrome 1s one example (<cction C i Chapter 13) This subject
was revies ed m detail by Elhinton and Danowski m 1955 (20q) The term
ammo acid drabetes should not be used since 1t suggests that amino actds
cause diabetes

In 1905 Meltzer and Auer (21a) and Underhill and Closson (21b) ob
served that magnestum admmistration causes hyperglyeerma and glyco
suria 1n mammals Lang and Rigo (21c} then demonstrated m rabbits that
magnesium chloride 1n small dosage lowered the blood sugar while larger
amounts produced hyperglycemia Recently Suomalamen reported that
{ollowing approamately 100 milligrams of magnestum chlorde per hilo
gram of body wewght by perglycenna appeared 1n the hedge hog nnddm
certain strams of laboratory rats and mece, but not in gumnea pigs {21 )f

Recently Best and his colleagues have reported that large do ages ol
glucagon m o1l are disbetogenic {22)
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Summary

Glucose loading especially m partially d d animals, leads to
degranulation and ultimate destruction of beta cells and can result in per-
manent diabetes Chemical agents in the alloxan group {allovan and at
times alloxantin, une aeid, or dehydroascorbie acid) preduce rapid beta
ecllinjury and persistent diabetes The blood sugar response to alloxan 1s
charactenized by an early and later hypoglycerma with an interepersed hy -
perglycermie phase prior to the development of the permanent hypergly-
cemia Of the roles of vanous factors operative 1n this form of cxperimental
diabetes that of glutathione has been most clearly elueidated This com-
pound exerts a protective action, posaibly by conyerting alloxan te dialune
acid a nondiabetogenie denvative A lack of —SH groups (which can be
provided by glutathione) may be a crucial factor in determining njury
to beta cells, snce a8 —S—S— group 1s an integral part of the meulin
moleeule

Quinolines (including oxine) <odwum diethy Idithiocarbamate, diphenyl-
thiocarbazone (dithxzone) and sodium ethylhanthate can aleo produce beta
ccll destruction an effect wlich was imtially attributed to chelation of
zinc by these compound: Fluoroacetate dibetes 13 characterized by a
bloek in the ertric aerd ¢y clc Dbutstet damage has aleo been noted Diabetes
ean nlso be produced by ehremate or mag) galts and by glueagon
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others (18a g) indicate that fluoroacetate sdnnmistration results in forma
tion of a toxie fluorocitrate which impedes or stops the etric acid eycle at
the level of aconitinic acid ( figure 1 5 1n Chapter 1) Citric acid ncreaces
m the tissues (18e) Inadditson to the decreased utilization of ketone bodzes
there 13 mereased production of Letone bodies

It 1s of mterest that one of Ingel s animals which developed permanent
diabetes v as found to have slet cell damage (18¢) This 18 1n keeping with
the finding that pancreatic 1slet damage may oceur exther as a result of
a direct tovie effect as with allovan or sccondary to cxhaustion 2s math
glucose admmstration In fluoroacetate diabetes 1f findings m this ene
animal can be dupheated the 1slet cell damage would appear to result from
the blockade tn the Iirebs cyele

V. Mscellaneous Agents Found to be Diabetogentc  Chromate,
Magnesium, Glucagon

Mosinger et al (19a) have reeently desenibed hy perglycerma and 1slet
cell damage 1n rabbits following the admmstration of neutral potassum
chromate {K:Cr0O,) 1n 100 mg dosage on alternate days for 4 to 9 months
At autopsy the ammals also showed hyperplasia of the adrenal cortex
medulla and thyroid The mechansm of this diabetogenme action of neutral
potasstum chromate 1s unknown but the attendant endocrine changes
suggest an interesting allianee between a chemical effect and ‘hormonal
factors It should be remembered however that alloxanized animals also
show adrenocortieal hypertrophy (19b c)

Baar (20) has used the terms amino aeid diabetes i describing the con
currences of cystine erystals in the reficuloendothelial system and reducing
substances i the urne This disturbance presumably falls mto the larger
category of renal tubular dysfunction of which the deTom Fancon
(20b-p) syndrome 15 one example (section C i Chapter 13) Tlus subject
nas reviewed in detail by Ellanton and Danowsk: 1n 1905 {20q) The term
amimno aeid diabetes should not be used sinee 1t suggests that amino acds
cause diabetes

In 1905 Meltzer and Auer (21a) and Underhll and Closson (21b) ob
served that magnesium admimstration causes hyperglyeemia and g)ylmt
suria 1n mammals Lang and Rigo (21¢) then demonstrated 1n rabbits tha
magnesium chloride m small dosage lowered t1 e blood sugar \\hxlcl;-'t;"&’.;rt
amounts produced hyperglycemma Reeently Suomalainen reporte k;o
following approximately 100 mulligrams of magnesium chloride per d‘m
geam of body weight hyperglycemra appeared 1n the hedge hog 12!;“”
certain strains of laboratory rats and mice but not m guined pgs e

Recently Best and his colleagues have reported that large do 1g
glucagon 1 o1l are diabetogenic (22)
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Summary

Glucose Joading, especially 1 partially d 1zed animals, leads to
degranulation and ultimate destruction of beta cells and can result in per-
manent diabetes Chemieal agents 1n the alloxan group (alloxan and at
times alloxanttn, uric acid, or dehydroascorbic acid) produce rapid beta
cell ipjury and persistent diabetes The blood sugar response to alloxan is
charactenized by an early and later hy pogly cemia with an interspersed hy-
perglycemic phase pror to the devclopment of the permanent hypergly-
cena Of the roles of various fictors operative 1n this form of experimental
diabetes that of glutathione has been most clearly elucidated This com-
pound exerts a protective action, possibly by converting alloxan to dialune
aaid, a nondiabetogente denivatne A lack of —SH groups (which can be
provided by glutathione) may be a cruaal factor 1 determining myury
to beta cells, since a3 —S—S— group 1s an ntegral part of the insulin
molecule

Quinolines (1neluding oxme}, sodium diethyldithrocarbamate, diphenyl-
thiocarbazone {dithizone) and sodium ethyhanthate ean aleo produee beta
ecll destruction, an effect which was mitially attnibuted to chelation of
zine by these compounds Fluoroacetate diabetes 1s characterized by a
block mn the eitnie amd cyclc but 1slet damage has also been noted Diabetes
ean aleo be d by or mag salts and by glucagon
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mcreases in blood glucose from hepatie glycogen but recent studies with oral
msubn substitutes and with depot glucagon indicate that glucagon_and
Phosphorylase_effects may play a more 1mportant role in determining the
seventy of diabetes (see Chapters 11 and 16) Untal recently, however, 1t
has been generally agreed that loss of glucagon plays no role 1n the relative
muldness of diabetes follonng extirpation of the pancreas It has been sug
gested that this 1s attributable, in part at least tg the feeal los<es of undi
e 1w Iy el B

sequent ameltoration of the diabetes Thus 15 how et er only part of the an
swer since the diabetes remains mild even though undue losses of ingested
foodstuffs are 2y oxded by feeding pancreatrc extract employing predigested
food, altering dretary composition ete

2, The Incidence of Diabetes Following Subtotal Pancreatectomy
m Animals, Partial removal of the pancreas produces a lo3 of earbo
hydrate toleranee mn a vanable percentage of the operated animals (4a~c)
Remoral of the wﬂﬂ more apt to resulf mn_giabetes than 1s
extirpation of an cquivalent amount of tissue from the head of the pan
creas (53) This 1s presumably related to the relative number of 1slets
present n these subdivisions of the organ The frequency of diabetes rices
with the pereentage of tissue removed but the recults are speradie Thus
most but not atl ammals become diabetic when a8 much as 90 per cent of
the 1slet tissue s ablated (5b) on the other hand exidences of carbohy drate
mpairment may oceastonally appear after extirpation representing 50 per
cent or less of the pancreatic mass Though some of this nonumformity
15 aseribable to madequacy of quintitatrve estimates and to functronal
mmnurment folloWwing interference wath erculation ete 1t 13 likely ‘Hlmfz

presence or absence of the syndrome 1hus forced tecaing Luesaps
d ted thyroid, or ration of ACTH, cortisone or androgens
ench mncreaces its frequency , whereas starvation propy! thiouraei! feedimg
or estrogen therapy decreasesat (13, h 4a, b)

One cn assume that 1 all ammals rendered permanently diabetic by
pancreatectomy or by subtotal pancreatectomy and adjuvants there 18
an absolute deficit of msulin secretion

3 The Low Insulin Requi;
Pancreatectomy, Complete removal of the p:
results mn a relahvely mld diabetes i patient
organism of bpase, trypsin and other enzymes, incomplete

of Bumart Disbetes Which Follows
ancress by surgieal means
ts Since this deprives the
absorption of
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foodstuffs or actual steatorrhea may also result However, it 15 note
worthy that subjects to whom carbohydrate 1s given parenterally or
for whom ar intahe adequite to maintain weight 1s provided and as
aimilated the msulin requircment 1s low ranging between 15 and 50 umts
per day (62 h)

B Duabetes Tk hch Follows Diwrect Cherucal Injury of the Pancreatic Islets

1 Alloxan and Other Forms of Chemical Diabetes in Amimals This
18 essentially o chemueal extirpation of th e 1slets occurning promptly upon
evposure to adequate amounts of these agents If the dosage 1s not fully
diabetogemie it e animal may recover from a transient diabetes The syn
drome may also develop with additional therapy or following carbohydrate
Ioading thyrouin growth tormone ACTH or cortisone admmnistration
anmmals gnen alloxan in subhimmal dosage (7a) The disturbances in
mtermediary metabolism mn the totally alloxanized ammal are the same
as those folloning pancreatcctomy Tle sulm requirement 1s low and
there 13 no elrange 1n 1 ulin re ponsiieness It should also be pomted out
that i alloxamzed diabetic anmals the question of nadequate absorp
tion of foodstuffs cannot be rarsed inasmuch as the external seeretions of
the pancreas are intact

2 Alloxan and Other Forms of Chermcal Diabetes in Humans Some
workers hate suggested that allovan or related compounds may oceur m
tumans 1n amounts sufficient to produce 1<let cell injury (7b) It 1s true
that ample amounts of precursors such as uric and dialuric acids are
constantly present but measurements usu:lly reveal trace amounts or no
alloxan (7e-h) This does not exelude the possibility of course that tran
sient toxic les cls may not be responsible at the onset of diabetes Nesther 1s
therc any eVldencc that transient glulathwno defierency condueive to the

of d amounts of alloxan may not occur
n humans (71) The role of glutathione i minimizing or aggravating ex
perimental alloxan diabetes 1s of course well established (7a)

C Dubetes Vellitus Follouing Upon Presumed Exhaustion of the Beta
Cells

1 In Animals Dohan and Lukens and their colleagues (81 b) first

infusions thereby elimmating possible medittion through a nonspecific
1 ancreatitis secondary to uce of the intrapentoneal route Partial pan
ereatectomy prior to the mjection of glucose ntraperitoneally ncreased
the meidence of diabetes Fructose which ultimately adds to the carbo
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hydrate load, even though some may enter the glyeolytic eycle without
the mediation of insulin (see figure 1-3 1n Chapter 1), has a stmlar action
This 15 also true of galactose which 1s conyerted to hser glycogen and
thence to glucose

This form of diabetes, lthe that which oceurs 1n pancreatectomzed or
alloxamzed ammals, 15 mild and requires small 1mounts of replacement
msulin Tn addttion 1t 13 reversible, provided glicose infusions are stopped
or msubin or phlorhizin 15 gnven before the pancreatic lesions become ir-
reversible (8b)

2. In Humans, It may be that in humans heavy Joads of carbohydrate
or of foods, as n obesity, ean produce simlar slet exhaustion However
though current or presious obesity 1s a frequent finding 1 adult diabetes,
only five per cent of the obese population develop dinbetes (1k, 8¢), and
obesity 13 rare m juvemle dinbeties This last point 1s diseusced 1n greater
detatl m Chapter 21 which deals with the grow th and development of the
diabetie child

In summary, therefore, 1€ can be stated that the findings 1 panerca
teetomized, alloxanzed, or carbohydrate loaded animals clearly indicate
that the complete removal of msulin sources produces a dabetie state
which 1s umformly mld Those cases of human drabetes which require
Dttle or no msulin may therefore be, and n the case of the pancreatec
tomzed humans clearly are, chinical analogues of these types of exper
mental diabetes Howeser m those Ejnncﬁui,spﬂﬂ‘ﬂﬂmwd“‘

D Grouth-Diabetogemc Hormone Induced Diabetes

1. In Animsls In terms of nsulin nction there 1 evadence that gronth
£o 143 4o bk aalle directly and cxerts a defimte antin
1, 1, 9a~d) The ultimate cffect 15 the
\le individuals of susecptible speetes
The disturbances 1n earboh drate metabolism may be present only dm&iﬁ
adminmstration or perstst after withdrawal of the growth hormene ol
pending upon the degree of bete cell damage When growth hur;nmlms
withdrawn those ansmals which remain dinbetze hare the charac! fnn <
of depancreatized preparations In such apmals the rondn;:ms(:;\;o o
growth hormone intensifies the diabetes (9c), tgan estabhis ;;xgt 10‘? -

ence of o diabetogeme action of this matersal bey ond 1ts effects
1<lets

2 In Man. As pomted out w Chapter 2, trals of growth hormone 1
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dwarfs and other 3 pes of patients have not resulted 1n diabetes but neither
has an uncqurvoeal growth effect been eheited Insofar as an increase in
growth-diabetogenie hormone as & cause of spontancous human diabetes
15 concerned, 1t should be pointed out that diabetics are not gants (sec
Chapter 21 for data on children) nor acromegalics, that only a mmonty
of the acromegalics develop diabetes (10a) and that when 1t appears it may
be reversible {(10b) (see also chapter 4, section V)

E ACTH or Sterovd Diabetes

1. In Amimals. This form of experimental diabetes 13 more difficult to
produce than that which follows grow th hormene, frequently necessitating
subtotal paneieatectomy or therapy with subthreshold amounts of growth
hormone as adjuvants When effected there 1s stnking evidence of an ant-
anabolic effect, mereased gluconeogenesss from protemn and fat, relative
freedom from ketosis (11a), and a marked ant1 mnsulin action exerted at
<ome unidentified point 1n 1ntermediary metabolism (8a) The nfrequency
of ketous n ACTH or cortisone-mnduced diabetes 15 undoubtedly related
to the liver glycogenating cffect of the 11 oxy and related adrenocortical
steroids

2. Tn Man, Patients with Cushing's sy ndrome _have a higher meidence
of diabetes than the population as a whole but earbohydrate tolerance may
be normal (11b) In pattents recexving ACTH or cortisone, diabetes 1s an
mfrequent development (11c) It 1s probable that such susceptible -
dividuals are prediabetic or actually diabetic on the basis of the heredity,
obesity ar 1llness The diabetes results from creased production of glu
cose from proten and fat and, as cited earlier (9a), there 15 evidence of
msulm blockade The glycogeme effect of the steroids tends to mmmize
ketosis and simplify regulation of the diabetcs, even though the msuhn
requirement 1s mncreased The diabetes may disappear after withdeawal
of the drugs

F Thyrod and Metathyroud Drabetes

1. In Amimals The hyperglycerma and glycosuria occur onb m an-
mals prepared by partial
{12a) The ultimate exhaustion of the remaining function of the islets with
loss of beta cells may be mediated, as mdicated 1n Chapter 4, through
inerensed intake, increased gluconeogenesis, hiver deglycogenation, and
msulin mactivatson which exert a net effect greater than the facitation
of earbohy drate metabolism produced by excesses of thyroun

2 In Humans. Though hyperthyroidiem aggrasates diabetes, most
Dy perthyroids are not diabetics, por do most diabetics has e hyperthyroid-
1sm (12b) Thyroid function 1s unaltered n juvenle diabetics, as reflected
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m levels of serum protein-bound 1odimne (sce figure 21~14 1n Chapter 21)
The data of Goddard and Sommers suggest that the secretory activily of
the thyroid 1s mmereased m diabetes (. 12¢)

G Lactogemec Hormone Diabetes

Data are too scant to characterize the mechanism whereby imjection of
this protern results in experimental dhabetes i ammals Studies to date n
human dibetrcs certamly show no increase of gonadal function above
norral (134, b), 1f one looks upon lactog h 83 a gonadotrop

In summary of the data on hormonal agents 1n animal and sn human
drabetes 1t may be stated that even though anti-insulin effects have been
demonstrated 1n ammals 1o the case of growth diabetogente factor and
adrenocortical oxysterords and may be responsible for the production or
aggravation of diabetes by thyrod, dotropin, and gonadal sterod
excesses, there 1s no evadence that any one of these factors 1s causally
operative in each case of spontaneous diabetes 1n humans

IL Pancreatic Damage as a Common Denominator in All
Kpown Types of Experimental Diabetes in Animals
But Not in Man

A In Anunals
Whenever 1t has been possible by means of one of the above chemucal
or hormonal agents to produce 1n animals erther a transtent or a permanent
hyperglycemia and glycosurs (anterror prtuitary extracts, growth and
diabetog factor, and lact h , adrenocortieal 11-oxyster
oids, desiceated thyroid or thyroun following partial pancreatectomy),
there has been evidence of & change 1n the pancreatie islets (1h) Inthe
carly phase this has consisted of degranulation of the beta cells beheved
to represent release of msulin, this 1s followed by a proliferative hypée:
trophte response 1 which acinar cells and even the ducis are convert! !
to seeretory epithelum (14n) This has been interpreted as an sttemp!
to meet the orgamsm’s requirement for msuhn In subsequent weehs :f
months the so-called hyal: tion or hydropic deg tron of the xslle 2
appears which, as demonstrated by Duff and others {14b}, 1s really gi'
cogen mfiltration, and there 1s o decrease m the size and number c;f Paﬂ'
creatic 1slets This marhs th_e e::ha:xst:gn Pljjsfc‘z?,l:},lixg :12:‘\;8% xzc;’ .
aracterzes
o ntact or
uu 1 the expert-
e other nitl “nd re]“gd

partially depancreatized ammals (14a) On th
mental dinbetes which follows the admimstration of alloxan
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compounds, of chelators such as certain quinolines and thiocarbamates,
and, possibly of an enzyme porcon such as fluoroacetate (14d}, the pan
creatic istet damage oceurs far more rapidly, though agam the ultimate
Iustology 1s comparable to that seen wWith protracted hormonal therapy
or prolonged glucose admintstration

Ths finding of an histologic common denominator has been taken by
many to indicate that all forms of experimental diabetes are the same as
that whieh follows pancreatectomy Though 1t 13 certainly true that in the
hormonal, the glucose infuston and the chemical types, the ammal 18
ultimately deprived of pancreatic islet function the question of how this
comes about ments consideration It 15 quite poseible that this common
end result merely <erses to mask a variety of different mechanisms which
result first 1n relative and finally in absolute deficits of insulin, and that
the final pancreatic damage 15 no more specific than the histologieally um
form fibrosts which follows mechanieal trauma burns, freezing toic
chemicals, ete

B In Humans

In contrast to the experimental forms of diabetes i anmmals 1n which
pancreatie or beta cell damage 1s a common denominator 1<let changes
are present m only a minority of human diabetics and there 1s considerable
overlap between normal and diabetie tissues (15a-e) from the viewpomnt
of 1slet mas3 or extractable msulim Nonetheless, there 13 good histopatho-
logic evidence 1 humans based on 1slet counts and measurements (151),
extraction of msulin from the panereas (15g-]) and assay of mnsulin levels
murme (15k) that absolute deficits of insulin probably do oceur m chnieal
diabetes even though the role of diet and of end hy,
both established as important 1n ammal studies (151-v), has not been
evaluated In the remainder one must postulate that a deficiency can
eust without morphologic concomutants or that production 1s equal to or
above normal but that ultimate effectiveness of the msulin 1s compromised
It has already been indicated that there are no abvious signs that hormonal
ant: msulin factors play a role i more than a mimonty of diabetics The
studies of Mirsky and others raise the possibihity however that such a
loss of effectiveness could be mediated through enzymatie destruction of
msulin

IIT The Posaible Role of Insulinase-Ant1 Insulinase
Systems m Human Diabetes
The work of Mirsky and his colleagues (16a-L) and of others (17z-1
18a-d) has established the existence of tissue enzymes termed mnsulinases
which degrade msulin Their action appears to be opposed by nsulinase
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inhibriors present 1n the liver and other tissues Mursky has therefore pro-
posed that diabetes mellitus of nonpancreatogenous origin may represent
an excess of msulinases, a defieit of “anti-insulinases”, or both This view
1s supported by his demonstration that human liver tissue obtamed from
diabetic patients at autopsy or by bropsy does at fimes have a low anfi-
nsulinase titer

Final summary of possible interrelationships of human and expermental
diabetes mellttus  the diabetic syndrome which follows pancreatectomy i
bumans does resemble the carbohydrate disorder that can be produced i
ammals by extirpation or ehemical damage of the 1slets, of the remander
of human diabetes, 1 ¢, the spontaneous type, only a few patients show
features which suggest an analogy with experimental drabetes of the hor-
monal type and the rest do not Since at postmortem exammation 1slet

'y 1s only an 1 finding, the disorder of carbohydrate

metabolism hnown ehinieally as divbetes mellitus must represent vanous
combinations of an absolute and at times of an mnsulm lach with an m
creased need for imsubin, either because the amounts of this hormone
avalable to tiscues are madequate, the metaholie lond 1s 1ncreased, or
both
A final cogent pomt 15 to be made m any comparnison of human and
expenimental diabetes Vascular complications are rare 1n the latter (19a-
) but Becher and Friedenwald and their colleagues (19¢) and others
(19h, 1) have produced lestons by means of 11-ovysteroid evcesses resem
bling the nephropathy, retinopathy, and other lesions which appear hu
mans This subject 1s discussed 1n greater detail in Chapter 23

IV. Analogies Between Hereditary Obesity with Diabetes
in Mice and Clinical Diabetes

In 1951 Mayer et al (20a-c) reported that 2 genetically obese stram of
mice developed post prandial hyperglycemia and preferred a high fat 12;
take drawing an analogy betw cen susceptibihity to diabetes and over\v;)g
m humans Subsequently studies 1 the same laboratory of fat syntt }fslf
1 three types of experimental antmals with ohesity (genetic, gold o I:n
glycolate, and hypothalamic) indicated that a decrease occurred I;n ::mu-
fasting but that this was least marked in the first of these (20d) ; Egm-tml
lation of beta cells has been found m this stram (20e) The role of a p: e
bloch 1n acetate metabolsm mn the hereditarily obese mice remains

troversial (201, g)

Summary "
All the known jorms of experimental diabetes (growth dmbet]tlwlg;:e
hormone, prolactin, adrenocorttcal oxysteroid, thyroud, estrogen, g 3
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hih

alloxan, bamate, fluor

1nduced) are charactenized by 1njury, destruction, or removal of the insulin-
producing cells of the pancreas Chmeal dmbetcs may Tesult from com-
parable total losses of endogenous insulin, from excessive destructon of
msulin produced m normal or increased amounts, or from a combmation
of the tso The mildness of the diabetes which follows total ablatron of
the pancreas m humans (even after the impared absorption of foodstuffs
as a result of deficient pancreatic secretions has been taken mto account)
points to an absolute defieit of 1nsulin The need for replacement 1psulin
18 small The occurrence of chineal diabetes which necessitates greater
amounts of msulin estabhshes the existence of anti-insulin factors In
some patients these may be excesses of growth-diabetogente factor or the
other hormones cited earlier However, diabetes 1s not an mvanable fea-
ture of acromegaly, Cushing’s syndrome, hyperthyrodism, ete, nor 1s
there evidence of excesses of such hormonal factors in the diabetic popula-
tion as a whole The low correlation between hormonal factors and climeal
diabetes makes the hy pothesis of increased insulin destruction particularly
attractive
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CHAPTER 7
Incidence, Onset, and Heredity of Juvenile Diabetes

L The Magnitude of the Diabetic Problem
4 The Frequency of Juvemle and Adult Diabetes

There are about 150,000 Armericans under the age of 15 who have dia-
betes mellitus, representing some five per cent of the total diabetic popula-
tion This estimate 13 based upon the distnibution of diabeties :n the Umted
States according to age in the surveys of 1935-1936 {1a~d}, and 1947 (le)
The latter of these, conducted by the Umted States Pubhic Health Service
2t Oxford, M h d d that 1 this ling of 70 6 per cent
of & commmunity of almost 5,000 population there were 40 previously diag-
nosed and 30 previously unknown diabeties If the proportions m these
two categores, totalling 1 7 per cent, are extrapolated to the population of
the 48 states mn the year 1956 there 1s 2 total of 2,800,000 known and un-
known dabeties This number 1s to be doubled 1f the mnexdence rate recorded
1n Basel 1s employed (1f) Using 5 per cent for the medence of this entity
1 children under the age of 15 a total of some 140,000 dsbetic chuldren 1s
obtmined Actually, the total of juvemle or formerly juvemle diabetics 18
more than twice this number since most of these patients survive into adult-
hood Furthermore, those who develop diabetes in the 15- to 20 year group
might well be included among the juvemles The above figures are 1n line
with calculations of most other workers (2a—c), though lower figures
have been eited (2d)

The earher study of DePorte (3a), the later ones of Gate (3b} and of
Beardwood (3¢), and the follow up of the Oxford Survey conducted in
1953 (3d) 1 which the later status of the members of the possible-prob-
able diabetic group was determined all justify these and even higher esti~
mates In the resurvey at Oxford, Wilkerson and Krall re examuned some
of these and found that of the group previously labelled borderline and not
nctuded among the diabetics, 14 4 per cent had developed diabetes melli~
tus, 1n contrast to a rate of 1 8 per cent 1n the control series The demonstra-
tion of the value of using blood sugar levels, either fasting or following
Eome tw o hours after a meal, as a screening device for the detection of this
disturbance of carbohydrate metabolism (3c-1) further supports the va-
hdity of the Oxford Survey

121
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B Frequency of Dubetes in Relatwon to Other Childhood Ilinesses

It 15 of mnterest to compare the magmtude of the Juvemle diabetre popu
lation w1th the 1ncidence of other childhood diseases During the past 10
yeurs, for example, a total of 332835 Amenican atizens of all ages have
been strichen by poliomyelitis (4a) The aunual poliomyelitis attack rate
m children under the age of 18 has ranged from 20,000 to 35 000 per year
and hence this disease 18 somewhat more prevalent than 1s juvenle dia
betes On the other hand diabetes 1s a lifelong disorder while recovery from
poltomyelitss 13 often complete

Duabetes also oceurs much Jess frequently than rheurmatic fever Though
reports vary (4b), one per cent of the school age children are beheved to
be affected with rheumatic feser or its aftermath Since all of the juvenile
diabetics of the U S A make up but one twentieth to one tenth of the
entire diabetic population {estimated at a little less than two per cent) 1t
1t obvious that 1 terms of total numbers diabetes 1s much less prevalent

C The Sex Incudence of Diwabetes

It 1s known that 1 the adult form of diabetes the females outnumber
the males (1b, e, 5a-c) and 1t 1s estimated that ultimately 4 per cent of
the women and 2 per cent of the men develop diabetes (1b) The sex ratio
appears to be approuimately umty 1n the juvemle form (2b, ¢) In an
unselected series of 595 of our patients, 309 were males and 286 were
females, 519 versus 48 1 per cent (see figure 7-1) In some of the older
studies where a tent or & clear pred of one sex or the other
was present the total number of patients was small (5d)

D Mortahty wn Diubetics

It 15 to be noted that the total number of diabetres has mncreased m the
ntervals between the two USPHS surveys ated above (1a, €) Part of
thus rise 1 total bers 15 attributable to lation growth and part to
earlier diagnosts and to the mcreased longevity of the diabetic as a con
sequence of more sdequate therapy of complieations such as 1mniections
(le, 6a) It would be reassurng to find that a decreased mortahfy m dia
bette coma contributes to the longer survival of these patients but specific
figures m support of this has e not been produced and this may well not be
the fact (see Chapter 18)

1. Death Rates in the Entire Diabetic Population The mortahty ex
pertences 1n the drabetic population of this country in the ast decade
based on Bureau of Vital Statistics samplings corrected for a standard
population (6b, ¢}, are shown In tables 7-T through 7 IIT Diabetes at
present stands eighth 1n the hst of primary causes of death However the
limtations inherent 1 such reports are well recogmszed by the Bureau
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which 1ssues them For example, even 1f dinbetes 1s a contnibuting factor,
the death 1s hsted only under the prnmary diseasc (¢}

2. Mortality in Juvenule Diabetics. The mortality i diabetics under
15 has been falling during the past decade The death rate 1n 1945 m the
10-14 ycar old group was 1 7 per 100 000 of the standard population when
184 chaldren died, 1n 1952 the deaths in this age group numbered 98 for an
adjusted rate of 08 (table 7-II) (6b, ¢) Though specific causes are not
obtamable from death certificates 1t 1s probable from the experience mn
other chnics (2a) as well as our own that many of these are fatal eases of
coms

However, aceidents, cancers including leukemia, acute infections, con-
genital malformations, major cardios ascular renal diseascs meluding rheu-

MALES -309 (519 %)
FEMALES - 286 (481 %)

ol 8 |Fle
1930 1935 1240 1945 1950 1955
Tig 7-1 S Incadence rv 505 Juvenite Draeerics

Males and females are present with about equal frequency 1n our group of patients
The merease m new cases 1n 1938 followed upon the opening of & nard and ehme for
dithetic childien the second mse beginning in 1948 cowneided it Teorganization of
the operation of these facitics under full time professional personnel Open columns
1deatfy females (seventh columa from right, upper portion, should be 18 and not 13)
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TABLE 71
Deaths of diabetacs and crude deqth rates per 100,000 sn relationship (o the total
moriality (1954~1954 el )

Year Ref and Source Total Deaths | Pppths from Crude Deah Rutes
Total  [Duab mell,
1944 | 6b 29 1, 23, 1048 1,411,338 | 34,018 10007} 264
1945 [ 6b 22 19,23, 1948 01,710 | 35360 | 1,061 8 2§ 6
1946 | 6b 29 19, 23, 1948 1,395,617 | 34,731 %976 28
1947 | 6b 81 125, 129, 1949 1,445,370 | 37,515 22
1948 | 6b 85 325, 339, 1950 1,444,337 | 38,638 %4
1949 | 6b 36 230, 255, 1052 1,443,607 | 25,089 o1t | 189
28 68, 74, 195¢
1950 | 6b 87 207, 317, 1053 1,452,454 | 24,419 %638( 162
1951 | 6b 4o 6,12, 1954 1,482,000 | 25,047 9663 | 163
1952 | 6b 40 6,12, 195¢ 1,496,838 | 25,474 9610) 164
1983 | 6b 42 66, 1955 1,517,541 25,798 9586 183
195¢ 6c 1,481,000 24,830 0188) 154
TABLE 7-11

Deaths and death rates of drabetic childrensn U 8 A an 0-14 age group

Yesr | Ref andSource H' 1 , 2 ’ s ) IH IH fren un
1945 [ 6b £9 19, 23, 1948 | Totals |13 66 100 [18
Rates [0 5 o6 os 17
1946 | 6b 29 19,23, 1948 | Totals 14 {19 [t5 f12 [15 53 124
Rates | 0 6 0605 12
1947 | 6b 81 125, 139, Totals 28 [22 [14 15 |12 60 J115
1949 Rates | 0 8 oglos 11
1048 | 6b 35 325,339, |Totals|to f21 |8 f12 |9 56 (101
1950 Rates | 0 6 0404 09
1919 | 6b 36 239,255, | Totals10 [17 12 [6 |5 43 {79
1052
38 68,74,1951 | Rates | 0 3| 0303 07
1960 | 6bsy 297, 317, [ Totals 123 3 N0 )9 )5 57 )0
1953 Rates | 07, 03
1051 [ 6b 40 6,12,195¢ | Totals 13 |22 14 [9 15 47 |78
ates | 0 4 o403 07
1052 | 6b 40 € 12,1054 | Totals 26 [30 [19 |7 [7 52 | 08
Ratea [ 0 8 0503 08
1953 | 6b 42 66, 1955
1954 | 6o Totals 130 19

514
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matic fever, and fuberculosts all precede diabetes as causes of death m
childhood as shown in figure 7-2

IL The Onset of Diabetes
A Inferval Betueen Onset and Diagnosis

Colwell (7) has suggested that diabetes 15 a lifelong disease which begins
to run its course at birth because the average insulin requirement at a par
trcular age 1s ultimately the same 1rrespective of the age at onset Thisis
prmarnily a phrlosophic rather than a biologie concept

1. In Chuldren. It 1s quite hhely that in children at least the clmteal
phase of the disese 1s usually detected within a matter of weeks of onset
Thus 1 405 of our cinldren the average interval between chimieal mamfes
tations and diagrosis was 82 days, with a range of three days and 24
months (figure 7 3) In more than half of these children the diagnosis was
made withm 30 days or less of the onset of the symptoms If a higher in
dex of susy were taned, this »ould undoubtedly be shorier

2. In Adults, The expertence 1 children 1s to be contrasted with the
prolonged course of months or y ears without chnically disabling symptoms

MELLITUS
90

Ny TUBERCULOUS
N wewnciTis
210
DIABETES

- - PR

(6c) are se-
deaths from
be preceding
kel though
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through which an adult may pass unaware of the presence of the disease
Beaser (8) estimates that only 34 per cent of adult diabetics admit to
having classical sy mptoms at the time of diagnosis and 23 per cent deny
any symptoms whatsoever With children however parents usually seek
the opinton of a physieian or climie within days or wecks of the appearance
of new complaints or signs

B Relatwe Frequency of Onset Symptoms

As 1 adult diabetes, mncreases in tharst, urination, and appetite are the
most common symptoms but, as indicated carlicr, they occur more fre-
quently 1n juvenile diabetes In those of our group on whom detailed his
torzes are available they were present m one-half to three quarters of the
children (figure 7-4} The reappearance of bedwetting 18 a frequent con-
comitant, being present in almost one half of this series One or more of
these four mamfestations were encountered in 9 out of 10 of these children
In 93 of 513 children 1n our scnies the diagnosis was first made when the
patient developed acidosis or coma This 18 1n eveess of the rate of ten per

1007
L —1
Omitted from the groph
]
D 6® 7w 1gn
8mo 1gn
12 Mo -3 gris
7| Beo fgn
16 mo 1 gnt
ol 24 me 2 gem
" | oBes 8 mo 3poys
H 12 mo 1 bey
20 ma 1 boy
:30 24 mo t
g
2]
20
1]
ol

© % . Y 150

oavs
Fig 7-3 InteRvAL BeTw EEN THE FIRST APPEARAXCE OF STAMPTONS AND THE
Duacrosts o Juvenre Diaperss
In 277 of 405 Juy enule diabetics 1n our sertes the diagnosis was made withm 30 days
of the pset of the first §ymptom Constderable delay m diagnosis does oceur, how-
ever 1 view of the 3 months which elapse on the aserage before the presence of
dunbetes 15 recogmzed
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Polyuna and polythpsia were present in more than threequartérs of our patients
One or both of these symptoms were recorded 12 89.5 per cent of the group We ght
loss was not an mvarsble finding perhaps because polyphagia aceurted i about
one half of the children The high frequency of body weight loss and fatigabilty are
to be remembered 1n the chinreal interpretation of these nonspecific symptoms ance
about one-fifth of our juremle diabeties have been dignosed only after acidosis or
coma has appeared Tn our experience these are the patients among Whom coma
deathg are apt to occur
cent reported from some chnics (9a, b) * e T dhare
{9¢, d). In another large segment of ou
nosis wag based on a routine urine ana , .
welude weight loss and arnitabality, m the order named These relative
frequencies are m agreement with those in pther published reports (26
9e, f)
C Relatwnship to Resprratory and Other Infections

Tt should be pomted out that a lustory of an antecedent mfection, al
most mvariably respiratory m type, wathm several weeks of the onSsb
symptoms, Was obtatned 1n 42 per cent of our juvemle diabetics John’s
figtires ate sbout ns hugh (2¢) Though 1t 15 templing to suggest that chm
cal diabetes was thereby precipitated, and it may well be so, the great
frequency of the common cold and less specific entrttes such as nasal dis~
charge 1n the preschool and early school years established by the studies
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of Dingle et al at Western Reserve (9g) makes this unhhely In the case
of infections sttch as mumps, however, the subsequent development of
diabetes could be related to specific mjury to the pancreas (oh)

D Onset in Relafion fo the Time of the Year

The season of the year may or may not hate a bearing on the appear-
ance of the disease In figure 7 5 we have plotted the month of the year in
which, 1n retrospect, the mnttial symptorns of the disease presumably ap-
peered The highest frequency during any successive two months oceurs
during the winter As indicated above this may be related to the greater
number of respiratory mnfections These figures agree with the himited ex-
perience of Adams (10a) but differ from thase compiled by Baker (10b)
and Spencer (10c) showing a lower rate of onset 1 the winter and a higher

- ¢ 224
3¢ 185
409
3 3
14
D
D) [>2)
©
(4} kel P 12} (5] [9) f7]

Jon Feb  Mor Apr Moy June July Aug Sept Ot Nox Dee

MONTH OF ONSET
TFig 7.5 Owser or DUBETIC STHPTONS IN RELATION TO THE MONTII 0F 122 Yeup
TIn these 409 children 1n the Children s Hospital of Pittsburgh Senes the emptom:
of disbetes begun most often i January This 13 more desiute i the puts porns
Emongst the boys June and Scptember follow rather closely upon January gy months
of more frequent onset
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one from April through September or October It 13 conceryable that this
may be due to plotting the dates of diagnosis rather than the onset If this
1s tested m our own statistics, the peak months do nob shift from winter
toward spring (figure 7 6) It 1s probable therefore that these diserepancies
are to be attributed to some inherent defect ;n sampling, such as ssufficient
numbers

E The Average Age of Onset of Juvemle Diabetes

The age of onset 1 our population 18 1n line with that of other chmes
(figures 7 7 and 7-8) (10d,e) The range of 4 to 12 years encompasses more
than 60 per cent of the ages of onset and there may be peaking evadent m
the girls, as White et al have suggested (10d), at age 6 and agan af or
after age 10 In our series this peaking may be present in the boys ag well
as the girls, but the total numbers 1n each age group are small The mean
ages of onset m boys and girls were almost 1dentical, § and 7 years 104
onths, respectively.
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I Heredity

There has been no unammity of opinion on the genetic characteristies
of diabetes mellitus It has been judged as recessive, dominant, or multi-
genic but the bulk of the evidence favors inhemtance of the trait as anon
sex hinked recessne (1la-e)

A Inadence of Diabetes in the Famalies of Adult and Juvemle Diabetics

1 Famly Ihstory in Adult Diabetics In diabetes which has its onset
after maturity the familial meidence of the disorder ranges betneen 148
and 49 per cent (52 11f) However an cqually high family history of dia-
betes has been reported in a group of phy who did not th 1
have diabetes The mecidence was 30 4 per cent consisting of 429 per cent
1n the Jewish and 20 per cent in the non Jewish members (11g)

2 Heredity 1n Juvenule Diabetes In jusemie diabeties as one mght
cvpect, the percentage of positine farily histories rises with the duration
of the diabetes Thus at the time of onsct about two-fifths of our patients
had a histery of diabetes present on the maternal or paternal side if dis-

30y

2] i

NO OF CASES
>

3
8

”
3
®
R

bl

61 1z 23 33

e

ol
(I

of

67 78 89 S I0K 12 213 B4 K556
AGE N YEARS

Tie 77 Ace at Onser oF Draseves 1v Girts (Mot at Tre oF Diacaosis)

In these female juvenile diabetics the imtial symptoms of dubetes appeared at
tle average age of 7 years 101z months Tle d stnbution curve suggests peahing
between the fourth and seventh and agun between the ninth and twelith years This
1210 keeping with the findings of Tegner et al (10d)
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tant relatives are mncluded In figure 7-9 the details of famly mvolvement
at later mquiry of 220 juvemle diabetres and their famlies are sum
marized In this survey conducted after one to 15 years of known disbetes
the medence rose to 58 per cent This trend 15 1 heeping with the general
statistics and with those of White in particular (2e, 6a, 11h-L) The higher
frequency m the later statistics 1s attributable largely to the appearance
of diabetes 1n siblings and relatives more distant than the parents and not
1 the mothers and fathers of diabetics

3. Frequency of Diabetes Among the Children of Diabetics, In keep
g with the concept that the diabetic trait 1s recessive (111-0) Whte has
reported that when both parents are diabetic 33 per cent of therr offspring
have diabetes and diabetic type of glucose tolerance tests are obtamed
a total of 62 per cent of the children, 1f only one parent 1s diabetae, trre-
spective of whether 1t 1s the mother or father, mne per cent of the children
have chimeal diabetes with possible diabetes, judged by the results of
tolerance tests, present mn an additional 12 to 14 per cent (11p)
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At the time of survey of the above group of 220 children i our senes diabetes had
been present up to 20 years with a mezn duration of 445 years Among the immediate
relatives (mother, fsther, grandparents uncles aunts first cousins and mblings) there
were 81 diabetics The incidence was highest among the maternal and paternal grand-
mothers An additional 43 distant relatives were reported to be diabetic, resulting
m & posttive family history 1n almost 58 per cent of the juvemle ciabetics. The
excess of mdividual diabetics over the total of positive family hustories reflects of
tﬁ:ll:e, the presence of more than one diabetic m the famuly tree of some of the
chuldren

B The Problem of Antictpation tn Diabetes

A number of years ago Woodyatt and Spetz (12a), stimulated by an
esther summary by Naunyn (12b), reported that their studres of some
100 diabetic families mdicated & history compatible with the so-called
phenomenon of antieipation In this view diabetes makes its appearance
in susceptible families at a progressively earlier age m Successive genera-



134 MANIFESTATIONS, DIAGNOSIS, THERAPY

cessive generation At fimes a generation v as missed, resulfing m a 40-year
nterval

1. s Anticipation a Reality? Anticapation how ever 1s not generally ac
cepted as a genctic phenomenon (12¢—g) and 1ts proponents appear to be
n the minonty The studtes of Steinberg and Wilder (12e, f) of the Mayo
Chnie offer a posstble alternative explanation for antieipation These
worhers have proposed that if antieipation were indeed a genetic fact 1t

TABLE 71V
Age 1n years at app of drabetes in
Maternal Paternsl &
117“‘;”:.]‘ Great. Great
apete Tea Grand AgeatOnet
g | ot Gowad | Mower | grand | S280 4 G | matwes (A3
AC 32 5 1t
T C 51 gt 1
TC 54 g | 13
KL 58 | 50 32
MF | Yes | 49 12
wWR Yes 65 2
T D 38 1
B D 5 75
% B 51 13
LC 50 n7
EH ] 7
MH 7 78
NI 5 :‘
i3 [
R K 42 88
Wh 57 :5
Cz 2
EM W 6 1; ;
M M 8 i
g zl\\(I & 62 105
ne 85 8
G s 35 2
Ty 8 o 131
v ® 5
DM 70 u7
RL Yes m 15
es les 52
ws 85
c8 49 18
B S 9 I
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should manifest 1tself 1n an carlier onset m the offspring irrespective of
the age of onset m the parent This 1s not <o until the age group beyond
60 15 reached They therefore conclude that <o called anticipation 1s a
statistical fact based on nonrepresentatrve samphng This arsses from the
following a) prior to the diseovery of mnsulin all juvemle diabetres died,
leaving a larger proportion of older diabetics to bear children b) those
women who did reach childbearing age had few er successful pregnancies

therefore 1t 1s those nwho developed diabetes after the cluldbearning age
that have children with diabetes and c) the more seriously 1ll patients
tend to sceh the attentron of elinies and physicians and these are usually
the patients in whom diabetes has had an earher onset The report of
Thompson Laakso and Watson 1s coneistent with this interpretation
{12h) Our own imited experience 1s shown in Table 7 IV

C Duabetes 1n Tuwns bex hnhed Drabetes

John (132) 1n 1934 suntmarized the publihed reports of diabetes oc
curring 1n 19 sets of twins In three scts the onset appeared to be simul
taneous 1n three other pairs the interyal between the climeal recognition
of the dicorder was severtl weeks 1n the remainder the ages of onset dif
fered by 1 to 48 years

In 2 1939 summary of Bergs data (13b) a total of 411 pairs of twins
eone or both of whom were diabetic wa reported 1n - <ertes of 85 000 dia
betics and 147 parrs were studied On these 46 were classified as monozy
gotie and 87 as dizygotic Tt was found that after the age of 43 all identical
twing were concordant 1e developed diabetes Hence 1t 18 possible that
the diseordant monozy gotic twns reported by Warhany Guest, and Coch
rane (13c) one of whom developed diabetes at age 6 while the other re
mamed nondiabetie tl cugh obese will become concordant <t & later age

There bas beent one repart of <o called scx hinhed diabetes n & family
With 6 children 1n wlich only the 3 boys became drat etic (13d)

Another interesting association 1s that of diabetes m tnin girls and an
I‘nnbl]lt) to taste phenylthiocarbamide (case of Segall eited by Hovanitz

13¢))

Summary

Juvemle diabeties make up some five per cent of the total diabetic popu
lation of this country but compared to adults present problems out of
proportion to their small numbers Other differences betw een the juvenile
and adult forms of dinbetes 1nclude the equal sex ratso the greater fre
quency of symptoms the shorter mnterial between onset and diagnoais
and the gher nerdence of diabetes 1n the famihes of Juvemle drabeties
The concept of antieipation 1e the carher appearance of disbetes i
suctessie generations s attractive but disputed
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One or more of the common symptoms (polyura, polydipsia, weight
loss, fatigabihity, polyphagia) 1s present m more than 90 per cent of the
Juvenile diabetics, but the average interval between the oncet of these and
other symptorms and the diagnosts 1s almost three months Approvmately
half of the diabeties are dagnosed within 30 days and 1n some 20 per cent
the diagnosis 1s first made during admission 1n acrdosis or coma
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were about 10 mg per eent ngher than those 1n venous blood obtained
virtually sumultancously, with 4 range of 0 fo 20 mg per cent In some
chnies samples of serum separated from venous blood are analyzed for
sugar conitent The values i serum exceed those mn ovalated 1enous blood
by about fiv e per cent beeanse of the Iower w ater content of blood cells (1e)

€ Fasting Blood Sugar Values s Untreated Juvemle Duabetics

The blood sugar levels in untreated newly-discovered glyeosune eluldren
ultimately proved to have drabetes are shown i figure 83 (11} Tbas
evident that in about 85 per cont of the ehildren the coneentration of sugar
in venous blood duning the fasting state elearly exceeds the upper hmit ob-
served m ther nondiabetic confreres under the sxme conditions In those
in whom the elevation ts equitaeal or weonsistent, measureraent of the
blood sugar responscs to a test load of earbohy drate <hould be determmed
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T The Use of Glucose Tolerance Tests in the Diagnosis of Diabetes
General Considerations

A Factors Whch Infl the Rate of Di
Glucose

pp of Ads ed

1t must be remembered that glucose tolerance tests do not reflect utaliza

tion <olely They are best thought of as an indication of the rate at wlhich
glucose disappears from the circulation and from the evtracellular fluid
asgwhole It 1sobvious that in addition to any utilization of carbohydrate
which may be taking place segregation of glucose 1n tissues such as the
kidney exeretton mn urine deposition as liver or tissue glycogen and new
formatron of glucose from carbohydrate and noncarbohydrate precursors
will simultaneously nfluence the rate at which the blood sugar level
changes

B The Importance of Standard Basal Conditions

The mterpretation of the results of tol tests dequat
contro] observations obtained in suitable subjeets under comparable con
dittons of diet physical actrvity emotional stalihity ete Observations
made beyond the two hour point must take into account the hypoglycemic

tail which follows carbohydrate admimetration {lm-o}

1 Effect of Senescence Due allow ances must be made for the decrease
n carbohydrate tolerance wiich usually appears with aging in adults since
1t takes longer for the blood sugar to return to normal (2a h) This 1s not
a function of absorption since 1t 15 cqually evident following the intra
‘venous adimimstration of glucose (2g)

2 Carhohydrate and Electrolyte Content of the Diet Recognition of
the fact that carbohydrate deprrvation or starvation impairs carbohy
drate tolerance and may actually produce starvation diabetes (21 ) 32 1)
necessitates an adequate provision of food intake for several daysprior to a
glucose tolerance test The usual recommendation has been 300 gm of
dictary carbohydrate per day (3)) though amounts as low as 100 gm may
be adequate for most mdividuals (3k)

The electrolyte content of the diet may also be important since on a
Ingh sodium 1ntake the tolerance for glucose mercases while sodum re
striction produees a decrease (31) changesw!ich may be mediated through
alterations in the les el of adrenocortical aetinity mduced by such regimens
(Bm-0)

3 Effect of Physical Activty The degree of physical activity must be
taken 1nto account 1n 1nterpreting test results since bed rest by atself de
ereases glucose tolerance (1) Comversely the accelerating effect of exertion
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upon the disposal of earbohy drate loads should be elimunated during toler
ance procedures

4 Miscellaneous Factors Which May Affect Tolerance Procedures
The effect of emotional disturbances on blood sugar levels 13 well recog
mized and hence undue trauma and emotional turmoil should be minmmzed
Some thought should be gn cn al<o to the possible effects of antecedent, gl
cose or msulim tolerance procedures or anesthesia and surgery <ince they
may alter the response (5a~) Fmnally carc must be taken to charactenze
the patient as completely as possible Diceace states such as eurrhous
muscular dystrophy, peptic uleer, nerious system disorders entens
asthma and sprue cndocrine factors such as anterior pituitary disorders
thyroid dysfunction and adrenocortical disturbances and therapeutic
agents such as epiephrine desiceated thyroxd and adrenocortical sterods
arc some of the factors hnown to modify blaod sugar responses to glucose
admimstration (5e~)) Wath the exception of sprue these 1 anables are dis
cussed 1n other chapters

It must be admitted however that even with eareful attention to ell
known factors the results of tolerance procedures cannot be duplicated
exactly nor do they show a predictable trend mn serial studes (5)

IIl Experiences with Glucose Tolerance Tests 1n Other Clues

Suggestions as to the optimal dosages of earbohydrate the mode of ad
mimstration and the most nformative schedules and routes of blood
samphing 1n the use of oral or intravenous glucose tolerance tests have
been made by many worhers Three general types of tests have heen em
ployed to compare the responses 1n nondiabetic and diabetic subjects the
smgle dose oral test the disided dose oral or Exton Rose procedure and the
ntravenous glucose tolerance test

A The Single Dose Oral GQlucose Tolerance Test

The so called standard oral test 1n use for the past 40 years has con
sisted of the ingestion of 100 gm of glucose or 175 gm per kg of bodv
werght dissolved 1n several ounces of water and flavored with lemon juice
1f desired The earher worhers showed that with this dosage the one talf
hour peak is approximately 170 or 180 mg per cent 1n the nondiabetic azd
coneurrent glycosura s virtually il (6a-¢) In daabetics the one half hour
Jeved 35 usually elesated above 200 mg per cent though usually the fatlure
of the blood sugar concentration to return to normal or below at £v0 hours
rather than the one half hour recorded peah 13 used for diagnostic purposes

6d-T
‘ Thc): Lnowledge (6m) that the dog can utihze approximately 1r0 gm of
glucose per hg of body weight per hour makes the 100 gm or 175 gm per
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kg of body w esght dosage schedule a reasonable one for adults but the for
mer provides an unduly large dosage 1 small ehtldren and the latter does
the<ame 1n obesity Only a fen workers have reported on the use of oral glu
cose tolerance tests in children Most of t! ese are based on the 175 gm per
kg do age from tl e age of threc on Larger amounts are used for y ounger
children 25 gm per kg in the age group 0to 1%2 and 20 gm 1n those who
are 1/ to 3 years old The problam of glucose talerance tests 1 obesity 18
discussed 1n sectron VI of tins chapter

B The Exton Rose Test

In 1934 Exton and Rose (7a} set up standards for the response of the
nondiabetic and dizbetic adult to 100 gm of glucose taken by mouth i
divided dosage te 50 gm st zero time and 50 gm 30 munutes later Ac
cording to their eriteria for the nondiabetic the increment i blood sugar
concentration at 30 minutes 1 e pror to the second dese of glucose should
be 75 mg per cent or less at 60 minutes following the start of the test the
blood sugar should be exther Iower the same or no more than 5 mg per cent
Ingher than at the 30 minute pont In the diabetic the blood sugar at 60
minutes 1s at least 10 mg per cent lugher than at the 30 minute observation
and usually excecds 180 mg per cent

1 The Sensitivaty and the Vahdity of the Exton Rose Procedure A
number of workers early indicated that the test yielded an unduly large
number of false positnves and proposed modified standards to eliminate
these (7b-g) Subsequently how ever Langner et al (7h) enticized the pos
tulate that the first administration of ghucose in the Exton Rose procedure
served as a pnming dose which tlen permtted the body to dispose of a
sccond dose more rapidly (the so called Hamman Hirechman effect
Staub Traugott pt enomenon ot Allen s paradox (54 7i~L)} They pomted
out that the absorption of glucose from the gastromntestinal traet did not
occur rapidly enough and that the Exton Rose and the 100 gm single dose
procedures are es<entrally the same The finding by Leonards and Free (71)
that at the end of 1 hour over one half of the glucose admimstered in the
Exton Rose test could be asprrated from the stomach supports this ob
1ection Neverthele s the test has been used to date wath various modifica
tions 1n adults and 1n cluldren (7m s) an{ the results obtaned have been
compared with those compiled with the single dose oral test by Moy er and
VWomack (70 s) These workers found that the eriteria set up by Matthens
¢t al (7d) applied to their data still proved too sensitive Goldberg and
Luft however are of the opinion that the two dose oral test gives results
that are less variable than those obtained with the single dose oral or the
intravenous procedures (7t)

Recently Goto (7u) has pointed out that the Hamman Hirschman or
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Staub effect referred to above may or may not be eleited 1 a nondtabetre,
depending upon the timing of the second dosage of glucose He suggests
that the cffect 15 artefactual and depends on the supertmposition of 8
sccond normal toferance curve on the hypoglycemte “tanl” of the first 1f
these obseryations are valid 1t 15 obvious that in the Exton-Rose test this
cannot be a factor, smee there 1s no by poglycemia at the 30 minute pont

C The Intravenous Glucose Tolerance Test

Bl hal's (8a) and Thann and Pfitzer’s demonstrations (8b)
1 1905 and 1913 that blood sugar lev els could be rarsed 1n humans by the
intravenous adminmstration of glucose were probably the first intratenous
glucose tolerance tests Shortly thereafter Woodyatt et al (8c) i this
country reported details of therr studies on prolonged and aceurately timed
mtrasenous njections of sugars (8b~d)

1. The Variely of Intravenous Glucose Tolerance Tests. The toler-
ance procedures whieh have been employed have differed m the total
dosage of glucose, the concentration of the infused solution, and the du-
ration of the infusion (7o-s, 8e-g) In such studses the total smount of
admimistered ghucose has varied from a single fived dosage of 25 gm toa
schedule of 05 to 08 gm per kg of body weight The concentratron of the
solutson has ranged from 20 to 50 per cent m distilled water The concen
trated solutions are mjected 1n several minutes The more dilute solutrons
have been given during 10 to 30 minutes In studies i children Ross (8¢)
has employed a dosage of 05 gm per kg of body weight given proraptly
The findings of Ross (8¢) and those of Lozner ¢t al (8g) mdicate that at
5 mmutes the maxymum blood sugar levels achieved are m exeess of 300
mg per cent and hence glycosuria can be expected to oceur Actual meas-
urements indicate this glycosuna to be limited to 25 gm or less (8h) .

2, The Use of Intravenous Glucose Tolerance Tests in the Diagnosis
of Diabetes. It 1s obvious that the variety of dosage schedules employed
does not permit detailed comparison of one intravenous glucose tolerance
test with any other, but i general the diagnosis of drabetes mellitusis based
upon the presence of an elevated blood sugar concentration at the 2 hour
point Thus, m the Lozner sertes (8g} 2-hour values higher than 120 mg
per cent are taken to be ndicatrve of diabetes Those which fall m the
range betw cen 120 and 140 are meonclusive The peak at ¥ hour may be
useful 1n 1dentify Ing patients vath hepatic disease (see section VI of this
chapter), but generally 1s not considered to be of assistance mn the diagnosss
of diabetes mellitus

Moyer and Womack (7o-s) belicve that
venous test which they use (05 gm per
period) 15 less effective than the standard 100-gm ora

1n detecting diabetes the mntrs
kg gwen during a 20 mnute
1 glucose tolerance
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test The worh of Scow and Cornfield (81) demonstrating that the removal
rate for glucose given per os 1s three tunes as high as that given intrave

nously may have some bearing on this pont 1t may be as they suggest
that the hepatie disposal of glucose 1s influenced by the mode of adrinistra

tion Also the lower sensitinity may account for the greater reproducibility
of intravenous tolerance tests in ammals (8))

IV Detaried Results of Resy 1o Oral or Int Glucose
Tolerances in Diabetic and Nondial Children Pitts] h Series
Despite the large body of published mfq tion on glucose tol

tests there 15 no detailed study of the blood sugar and eleetroly te changes
which oceur 1n diabetre and 1n healthy nundmbctxc children during the
various types of tol under 3! e have there
fore commled our own control datal for the interpretation of results i
children suspected or known to have diabetes To produce the sharpest
separation of the diabetic and nondiabetic groups we have admmistered
glucose per 0s or mtrasenously 1 the larger or largest dosage 1n ordinary
usage This dosage the route of admimstration the time of blood sampling
and the source of blood were elearly noted n each instance since they are
always of prime unportanee ym the interpretation of any test result This
information can be used by otl ers as a valid standard of reference provided
that the control and test situations are identical and the analytie proce
dures yield comparable results

A Swngle Dose Oral Glucose Tolerance Test

The dosage of glucose 1n the single dose oral glucose tolerance tests was
17sgm per kg of body wexght grven at zero tume dissolved 1 one or more
glasses of water flavored wath lemon jutce Fingertip capillary blood was
obtatned prior to and at 30 60 120 and come at 180 minutes (1- to 2
minute leenay) following mgestion of the glucose

1 Resulis in Ilealthy Nondiabetic Cluldren From figures 8 4A and
8 4B 1t 13 evident that m these nondiabete children the fasting levels
capillary blood averaged 1007 = 90 mg per cent The obsersed peak
m blood sugar concentration was recorded at 30 minutes m 27 of the 30
tests 1n the remuning three a further 1 ¢ was ob=erved at the 1 hour pornt
Tt19to be noted that at two hours the blood sugar values were the same as
or yust shightly ngher than the fasting levels At 180 minutes the concen
trations dropped below the mean fasting levels All of these differences
are statistically sigmificant

Tte control data are based on stu hes con tucte 1n a prvatels supported well rn
Tome for chiliren with a stable populat on Tolerances were determ ned in the fast
ing state at bed rest wath m nimal trauma
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F1a 844 Canoes 1¥ CartLLary Broob Stear FOLLOWING THE ORAL ADINISTRATIOY

OF A STANDARD AMOUNT oF GLUCOSE
These 30 healthy nondisbetic children recened glucose 175 gm per kg of body
weight at zero time dissohed 1 approvimately 100 ml of water flavored with %
tsp of fresh lemon juce The maximum and mmmum values recorded at 30 mn
were 202 and 119 mg per cent respectively At the 60 mmn pomt the Jevels were shll
increased above the premnjection concentrations 1 almost all of the subjects though
decreases were apparent 1 all but three of the childien It 1s to be noted that the range
at 2 hours extended from 89 to 168 mg per cent and that a hypoglycemue trend or
tal 1s evident at 3 hours in some of the curves (1 1)

In employing these control data for chmeal purposes exther the md:
vidual or the pooled experiences may be used Thus in the former (figure
8 4A), none of the subjects had a 30 mimnute blood sugar level greater than
202 mg per cent and some showed a subsequent slight rise at 1 hour but
the majorty decreased The two hour pomt mught indicate o shight de-
crease a slhight rise or no change upon comparson with the 1 hour pomt
At this tume 29 of the 30 sugars were at or below 140 mg per cent At3
hours most of the curves had reached or dropped below the fasting concen
trations with a range of 79 to 123 mg per cent If the composite curve
(figure & 4B) 15 used as a reference 1t should be remembered that one
standard deviation (SD) encompasses 66 6 per cent of the pomts that
tnoSD melude 95 per cent and three ST cover 99 per eent of the distr
bution Hence, any observed pomnt less than two 8D away from the mean
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1s within the normal range Values clearly more than three SD away from
the mean are probably abnormal

2. Results of Single Dose Oral Glucose Tolerance Tests in Newly-
Discovered or Previously Diagnosed Diabetic Children. In tlus group
of 17 diabeties the fasting levels of blood sugar were elevated above the
normal range in all but two patients One-half hour following the oral in-
takhe of glucose the blood sugar increased by 91 to 203 mg per cent witha
mean merement of 120 mg per cent (figure 8-5) Thus 1s to be compared
with the lesser rice noted at this time in the nondiabetic controls Further-
more the subsequent measurements at 1, 134, or 2 hours follow ing the mges-
tion of glucose a further increase w as usually noted with only an pecasional
shght decrease (figure 8-5)

It 15 obv1ous 1n retrospect that the same conclusion coneermng impair-
ment of glucose disposal would have been reached 1n cach of these patients
had the test been terminated at 1 hour.

B Doubled Dose Oral Glucose Tolerance Test

In Lecping with the general goal of sctting up standards based on a
heavy carbohydrate load we have admumstercd glucose mn th fest 1n a
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total dosage of 3 50 gm per kg of body weight Ope-half of this, or 1 75 gm
per kg, was given at zero time and the remainder 30 minutes later Capil-
lary blood sugar levels nere measured at 0, 30, 60, 90, 120, and 180
mmutes It 18 to be noted that this 1s not a single oral dose divided
mto portions as 1s true of the Exton Rose procedure, but a doubled dose
designed to intensify the difference between the diabetic and nondiabetic
It 1s admmistered m divided amounts because the mngestion of the total
at one time may produce nausca and vomuting

L Findings in Healthy Chuldren. The results, mdndual and com-
posite, are presented 1n figures 8 64 and 8 6B, respectrvely The findings
at the 30 mimute pomt prior to the second dose of glucose, are of course
quite comparable to those seen at the same time 1n the smngle dose test
The mean values 1n figures 8-GA and 8 6B based on the 175 gm dosage
are indistingusshable and the range 1s of the same order of magmtude It s
to be noted that the second dose of glucose as a rule did not raise the 60-
mmute sugar levels above those present at the 34 hour pomt The course
of the blood sugars upward, downward or without change as well as the
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Tic 86B Responegs oF Heatrny Crmones 10 Oran Gricoss
1 Dousuro Dosace Meas VaLves
Studies ant paticaty are the same as those shown o the preceding figure The
simulirity to the average responce to 175 gm per hg (sce fig 8-4B) 13 to be noted
This 13 present 1n healtly chst Iren despate the fact that the initial ingestion of glucose
at zero time was repeated at 30 rmn The 180-min response 19 based on too few
observations {o warrant a generahzation (1 1)
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mean value 15 quite remmiscent of the trends 1n the single dose tolerance
tests

At 120 minutes the mean blood sugar levels i the doubled dose test
are the same as those observed 1n control subjects after 175 gm per kg
At the end of 3 hours, however, the blood sugar 1n the 350 gm per kg
test 1s distinetly above that in which only one-half of this amount of
sugar was gien, e, absorption continnes for a longer penod of time

2. Blood Sugar Findings in Diabetic Children Prior to and Follow-
ing the Oral Administration of a Toetal of 3.50 Gm. of Glucose per
Kilogram of Body Weight in Divided Dosage at Zero and at 30
Minutes. Again, 238 1n the single oral dose studses, the blood sugar levels
prior to glucose admmstration were not always clearly elevated above
the normal range At the 30 mnute pomnt the ymtial 175 gm per kg
dosage of glucose had produced an mcrement 1n the blood sugar whih
was greater than that observed in the controls, ranging up to 385 mg per

Double Dose Orol
600 GTT.

° o 30 60 90 no
Minutes

Fra 87 Dovsen Doss Orat GLucoss ToLerance Tests 1\ Dusertic Cn:ulér;) ot

“The shaded aren represents the capllary blood sugar responses (m;’m A

nondiabetie children to the same dosage of glueose asn the pn.-ceduig g[ubm;’d‘ i

diabettc and diabetie chuldren each recerved 155 gm af glucose per ﬁao e e
per o3 nt 2810 time nnd agun ot 30 mm Dotted lines identify capllary

curves, sobid Tines refer to venous blood (1 D)
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cent (figure 8 7) Following the <econd dose of glucose most of the diabetic
children showed a progressne rise at 60 and 90 and even 120 minutes 1n
contrast to the return to the fasting levels observed i the nondiabetic
children However, the 60 minute level 1s by 1tself frequently diagnostic
of impaired carbohydrate tolerance

C Intravenous Glucose Tolerance Test n Healthy Children

Responscs to an mjection of 50 per cent glucose 1n water, 05 gm of
carbohydrate per hilogram of body weight, have been determimned follow-
mg 1nfusion of the sugar during a 3- to 5 minute pertod

1. Results in Control Studies Pr blood sugar
were all within the normal range established for nondabetic children (fig-
ure 8 BA and 8 8B) The mean 30 minute blood glucose concentration wag
1454 % 254 mg per cent If the 1solated mstance 18 excluded 1t will be
seen that 1n 26 of the 27 tests the % hour value was between 110 and 185

Fra 88\ TuE Verous Brood Staar Ciranees Foriow ng INTeavenovs Grucose
Inonvow i Crrves
Bubjects are healthy nondiabetic chuldren at bed rest throighout tle tolerance
test The rapid mfusion of 05 gm of glucose per hg of body wewht during 3 to 5

-
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mg per cent Although a considerable return toward normal w as recorded
at the end of ene hour the mean of these pomts 1s still above the starting
values At 90 and 120 minutes, however, the Ievels were agun the same
s those present prior to the admmrstration of the carbohydrate

2. The Response of Diabetic Children to Intravenous Glueose The
mtroduction of 05 gm of glucose per hilogram of body weight m these
diabetie children resulted i a 30 mipute merement which was usually no
higher than that observed in the nondrabetic The absolute concentra
tions were usually greater because of the higher fasting blood sugar levels
In virtually all cases the 60-, 90 , and 120 nunute Ievels Were higher than
1 the nondiabetics (figure 8 9) and here for diagnostic purposes the 1 hour
level could haye been used as effectinely as the 2 hour level

It 15 to be observed that with the oral procedures which provided much
larger glucose loads the diabetics contmued to show erther o progressive
ncrease 1n blood sugar levels or only a very shight decrease durng the
course of the 2 or 3 hours of obsersatton Thi» means of course that i the
oral fests the diahetic continues to absorb glucose at a rate m eveess of
Iis capacity to dispose of 1t and that thts accumulated glucose produces
progressively hugher levels of blood sugar With the smaller stgle mtra
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venous injection at zero tine without o further glucose load a decrease was
manably recorded

V Can the Glucose Tolerance Test Be Shortened to 1 Hour?

It 15 obvious from the data on control and on diabetic children that the
diagnosts of impaired carbohydrate tolerance could have been made with
out a single exception from the 1 bour glucose concentration in these series
The subsequent points serve to differentiate abnormal peaking as a result
of increased absorption as 1n hyperthyroidism or decreased disposal by
gly cogenation as 1n liver disease from true diabetes mellitus It may well
be that the later points also ehminate false negative tests resulting from
delayed gastric emptying time Alco 1t 15 obvious that the diagnows 1s
much more defimte with the progressive and marked rises recorded n the
170 and 3 50 gram per kilogram oral tolerances Finally the hy pogly eemuc

IVGTT
600 DM

] 30 60 S0 120
Minutes
Fia 89 Reseers or Intravesovs Groeoss Toczravee Tests i Dusserie CrteLoars
- . ~5 gm per kg
= eprecents the
. . to the same
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tal present at two hours and histed as characterrstic of tests m nondia
betrcs 1s not avarlable as an additional index 1f the sampling 1s lmuted fa
one hour For these various reasons we have contmued with the 2 hour
procedures although 1f one were dealing <olely with uncomplcated dis
betes and the results of analysis were uniformily rehable the 1 hour test
would suffice Obsertations at time mters als of one minute have been used
n sucrose tolerance tests (8h) but none has been reported following gl
cose Attempts to produce s sharper differentiation betn een diabeties and
nondiabetics have been made using cortisone or indices other than the
blood sugar levels 1e disappearance rate total mndev mercment mndey
cte (81 w)

VI Effects of Obesity, Hyperthyroidism, Absorption Defects or
Cicrhosis on Glucose Tolerance Procedures

4 In Obestty

The problem of carbohydrate dosage in tolerance procedures carned
aut 1n ohese patients s both real and unsolved (9a-d} If the actus] body
werght 13 used the patient recers cs more than the usual dosage per kilogram
of active protoplasm  estimation of the rdeal body werght for a particslar
patient 1¢ 1f he were not obese and basing the carbohydrate dosage on
that provides at best an approumation Furthermore 12 view of the Jarger
surface area and the greater need for heat production m obesity it 18 obvious
that sumple extrapolation to & lean body mass does not correct for thes
factors For these reasons 1t 15 our practice to comsder the question of

dasage mn glucose tolerance procedures 1n obese patieats an open one e
14 A an tha aetual

ve eon
upm

pared If only the first 1s abnormal the patient 1s continued ynder obser‘
vatron as & patential or actual diabetie It 1s of mterest that abnorms
1 tests ble with the diag of diabetes may return te

normal w1th suceessful weight reductron (9e-3)

B In Patients Witk Absorption Defects

In patients who have steatorrhea or spruc or other absorptrie hmx::d
tions (10a b) earbohydrate metabolism can be more accurately evniu: -
by means of the intravenous tolerance test This by passes the absorp! : o
defect and at the same time permits identification of enhanced dg!wt e
as & possible factor m a so called flat glucase tolerance respamc-lt 1:| -
other hand 1t has been noted that cancer of the pancreas may 1'e5:xl lthat
mmpairment of glucose tolerance of the diabetac type and con; er: e( lyl)o—f)
cancer of the panereas 1s mote prevalent amongst known diabeties
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C In Hyperthyroudism

In hyperthyroidism one mght expeet the ¥ hour pesk to be unduly
lugh 1z oral tolerance procedures because of the enbanced absorption of
glucose Furthermorc on the grounds of thc Lnown effects of thyrown
exeesses (. and hver d which might
averweigh the enhanced peripheral disposal} altcrcd carbohy drate toler-
ance might well be anticipated In actuality results of glucose tolerance
tests are grossly normal except m those patients who have diabetes {11a,
b), though mimor deviations have been detected

D In Cirrhosis

Patients with currhosis and evidences of decompensated liser function
show an unusually high levcl of blood sugar 30 minutes following the oral
or intravenous administration of glucose (7o 12a-p) In most patients the
subsequent values declme to levels approximating those observed in non
curhotie control subjects As a group howeser these values are somewhat
higher and m this laboratory and elsew here this diffcrence has been shown
tobe statistreally srgmficant (see Chapter @ section V) In practical terms
however this should not led to confusion with diabetes n which the dif-
ferences are much more pronounced

E In Combination Wuth 11-Orysterords

TFajans and Conn have becn testing the effect of cortreone admmstration
13 an nid to the early diagnoss of diabetes melhitus (13) In & group of
323 relatives of known diabetics a 20 per cent inaidence of unsuspected
diabetes was found whereas 1n a control group of 100 nondiabetics ab-
normal glucose tolerance tests were encountered in only three

Summary

In approvimately three quarters of untrested newly discovered juve-
nile diabetics the blood sugar s elevated abeve the range of values ob-
served in the fasting state in heslthy children of the samse age Such hy per~
glycema rs therefore eghly suggestive of the presence of diabetes, provided
that food intake has been normal and mngestion or admnisiration of car-
B ~ ' yam .

betes must sill be excluded

In those patients 1n whom uncqun ocal fa ting hy pergly cemia 13 absent,
the ditgnoss of diabetes depends upon 4 demonstration that an mabihty
todipose of earbohy drate loads at nornl rates and wathout undue hy per-
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glycemra s present This can be tested by obtamnng a measurement of the
bleod sugar level two hours following upon an ordinary meal but 13 ususlly
determined more precisely by means of glueose tolerance test Of the
sarious procedures available the oral admimstration of a fived or a per
kilogram dosage of glucose 1s most commonly employed In the adult 100
gm of glucose are usually given, 1n chldren older than 3 years of age the
amount of glucose 1s determined by body size 1e 175 gm gre given per
Kilogram of body weight Alternatively, mtrasenous glucose, 06 gm per
Lilogram of body werght as & 50 per cent solution mn water, or a fived dosage
of 25 gram 1 adults may be admimstered It may be howesver that these
lesser amounts given mtravenously are less <ensitive i detecting the pres
ence of diabetes even though they by pass 1anations attrsbutable to ac
celerated or delayed ab<orption The Lxton Rose procedure i which the
<ame amount of glucose admimstered 1n the smgle dose oral test 13 gnen
in two equally divided portions 30 minutes apart 1s based on an unvar
ranted assumption W e have found satisfactory however 2 doubled dosage
tolerance test as a means of admmistering as large 2 glucose load as possible
without produeing vomiting In any of these procedures the two 1 our or
three hour blood sugar level 15 more informatsie than the peak which 1
usually recorded at 30 minutes In any tolerance procedure suitable refer
ence standards taking into account the dosages employed and the age of
the patient must be used The smmultaneous measurement of urine sugars
may help detect undue hyperglycenua present between the arbitranly
selected sampling times but this 1s not usually necessary Finally the dia
betic response has to be differentiated from the increased 30 mupute peak
and <omew hat retarded delay 1n the return of the blood sugar to pretnjec
tion levels whieh charactenze the exrrhotie
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CHAPTER ¢

Serum Electrolyte Changes Following
the Administration of Glucese

There have been a number of attempts to sumphiy or to make more
accurate the identrficatron of diabetes by measurement of the serum elec-
trolyte changes which accompany the disposal of glucose The rationale
of such searches 1s based on the hnowledge that glycolysis and glycogen
deposition are preceded by phosphorylation (1a-t) and removal of serum
morganic phosphorus and that potassium enters cells 1n conjunction with
the degradation of glucose and the deposition of gl cogen

L Changes in Inorganic Phosphorus Following the Administration of
to Animals and to Nondiabetic and Diabetic Hmmnan Adults

A Relationship of the Change n Serum Inorgame Phosphorus to the
Presence or Absence of Diabetes and Other Factors

In 1923 Perfzwerg, Latham, and Keefer (1a) reported that m the non

disbetic human the admmstration of 50 or 100 gm of glucose defimiely

lonered the scrum Jevels of hosphorus and d: hed the ur-

phosy
nary excretion of phosphate, this did not occur mn the diabetic patient not
on msulin Subsequent observers has ¢ estabhished the fact that this change
1n serum morganic phosphorus 18 an i anable oceurrence mn the intact
ammal and 1n the nondiabetic and, though perhaps of lesser degree, i the
diabetic human recen ing carbohydrate per os or v1a the mirayenous route
(1b-n) .
1. Studres Pointing to a @ DY in the Resp in
Diabetics and Nondiabetics. In most of the subsequent studies a Gf-
ference betnecn the responses i dabettc and nondiabetic humans was
reported to be present, though the separation of the two groups »as not as
pronounced as Perlzneig et ol (la) mdreated Thus, Hartman and Both-
ger (1e, d) felt that the respanses were sufficiently distinctive to classly
the responces as normal or abnormal and drew inferences concermng the
function of the pancreas and other endocrines McCullngh and Van Al-hine
{1f) agreed that abnormalities of serum inorgame phosphorus changed
folloning glucose were frequent n endocrine dreorders, and occurred m
one-half of thesr diabetics, but stated that they were not su{ﬁml‘nﬂy dis-
tmetive for differential diagnosis On the other hand, DeVensnn (11,
166
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workmg with drabetics, used the AG/AP ratio 1 e, the nse 1n blood sugar
level 30 minutes following the mngeston of g]uco=c 1n relation<hip to the
simultaneous deerease 1n serum phoru= and Tuded that
a poutive ratio tndicated defectine xnsu]m produetien Similarly Forsham
and Thorn (1k) employing 1 V2 hour infusion of 1 20 per cent solution of
glucose 1n nater for a total dosage of 05 gm per kg of body weight, found
that 1n control eubjects the serum norgame phosphorus deereased Ly 25
per cent at the 60 or 90 minute pomnt following the start of the mfusion
mn diabetic subjects the deerease was less averaging 12 per cent, 1 pa-
tients with eirrhosts 1t was greater wath a mean of 37 per cent Furthermore,
m both the diabettc and the eirrhotie patients the fall was prolonged com-
pared to the normal

2. Reports Indtcating Stmilarity or Identity of Phosphorus Clianges
in Diabetics and Nondrabetics On the other hand some worhers have
felt that cither there are no diffcrcnecs i the serum phosphorus responses
of the diabetic and nondiabetic or that 1f present they are shght and the
overlap of the two groups 1s too great to allow use of a lesser phosphorus
decrement as an 1dentifs ing charactcristic of deereased earbohydrate me
tabohism Kret (11) has even coneluded from the results of prolonged mnfu
<100 of glucose n large amounts that the dircet effect of such extra earbo
hydrate s 2 delyed inerece 1n scrum norganic phosphorus and that the
early decrease 15 an indirect result mediated through msulm Groen ef af
(1m) who gave glucose by mouth or Ly vein for a total of 100 to 150 gm
found that the phosphorus decreased and returned to normal 1n the course
of 6 to 9 hours but failed to obscrve the rise desenibed by Kret (11) They
found that the pattern was the ~ime m a patient with hepatie necro ts but
absent 1n another with muscular atrophy  therr series did not inelude dia
beties Schnecberg (1n) 1 cvaluating the pho phorus respenses 1 mild
and moderately scvere dibeties comparcd te normals on the basis of either
the absglute changes or the AG/AP ratio concluded that the scatter of
values precluded their use as an index of diabetes despite the fact that the
differences between the mean 1alues for the tvo groups were statistieally
significant Runyan and Rantor (lo) gave 100 gm of glicose to 37 mild
diabeties and 20 control subjects and observed no differences in the phos
phorus changes in the two groups Lazarus Volk et al (Ip) have suggested
that the chabeties who hav e a normal phosphorus decrease secompanied by
adecrease 1n crreulating Iy mphocy tes have 4 nonendocrine diabetes on the
basig of hepatie dy sfunction

B VMechantsm of the Decrease tn Serum Inorgame Phosphorus Following
Carbohydrate

The mechanism of the change tn serum 1organic phosphorus ean be -
ferred from available studies The deerease eannot be attributed to losecs
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As 1n the case of phosphorus the presenee of v er necrosis had no effect on
the potasstum change whereas 1t was not observed to oceur i a patient with
extensive muscular atrophy They made no compatisons with diabeties
Wilson and Thorn (3a), using the 05 gm per kg dosage of glucose grien
s 220 per cent solution during Y% hour, found that there were no defintte
dafferences betw cen the potassium responses of the diabetic and nondia-
betre subjects In the studies of Runyan and Kantor referred to earlier
(1o) the change in serum potassium was the sume mn diabetics and nondia-
beties, averaging ~032 and ~033 mEq per hiter, respeetiy ely These were
based on analyses of venous blood It may well be that changes 1n arteral,
re, capillary, blood might have shown a difference 1 these and mn the
other short-term studies erted, sice Farber ef al (3b) have shown that n
the fasting state venous and arterial potassium levels are the same, but
that this 1s no longer true followng glucose or msulin admimstration

B Possible Ezplanations for the Sumlarity of Responses in Dwabebics and
Nondabetics

In many ways this lack of a defintte difference 1n the serum potasswm
responses of diabeties and nondiabeties following glucose admimstration
18 rather surprising In the 1solated blood ecll system (4a-¢) and in brain
slices (4f) the disappearance of glucose via glycolysis removes potasaum
from the serum or the surrounding medium Furthermore, the deposition
of glycogen has long been known to pre-empt extracellular potassium (1s,
4g, h) Smee these are the two chief pathways of glucose disposal 1o the
nonditbetic animal and human, one might evpeet serum potassium to de-
crease with carbohydrate loading The fact that ths docs not happen
means, of course, that simultaneous transfers of water out of the extra-
cellular space or of potassium mto 1t cancel the deficits created by glycoly-
s1s and glycogenation The effect of glucose on the osmotie pressure dif-
ference (2a) would appear at first sight to preclude the first of these pos-
sthilities It may be, however, that the osmotic effect of the glucose 18
sufficiently dehydrating to produce the well-recognized release of cell pr;;
tasaum as a part of the dehydration reaction (41,7) In studiesn whie
an infusion of dilute glucose solutions 1s given slowly enough to munmmze
the osmotic effect one mght expect, as Groen ef al have found (im}, a
drop 1n the serum potasstum

IfL. Data on Changes in Electrolytes Other Than I.Jb.oaph(.:lrlll
and Potassium Accompanying Carlohydrate Administration
ations have been reported on constituents other than

nd Benedict (1b) observed no change
o falonn tration Other than

Very few observ:

phesphorus and pot:
1n serum sodum or caleium follow ing glucose admms!
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our studies 1n children presented below there have been no reports on meas-
urements of <erum total CO, content and chlonde

IV, Electrotyte Changes an Cluldren and Juvenile Diaketics
Foll = the Intr; or Oral Ad i
of Glucose
A Serum Inorganic Phosphorus C hanges 1 Sham Tolerances and Follow-
ng Intravenous or Oral Glucose

1 In Healthy Cluldren During bed rest while in the fasting state the
serum norganie phosphorus fluctuates about the first value with a mean
trend that 1s negative At the end of two hours this 1s of sufficient magni-
tude and of appropmate dircction to be defimte The decrease averages
026mg per cent and presum ibly represents o change consequent upon the
transition from the early to the later phases of awakening This <cquence
1 presented in figure 9 1 entitled  Sham Tolerance  (31v-c)

On the other hand the admmistration of glucose by vem (05 mg per
hg of body weight m 3 to 5 munutes) produces = prompt and statistieally
sigmificant drop 1 the serum wnorgame phosphorus (open colurans, figure
92) At 30 minutes this nverages 044 mg per cent m the intravenous
tolerance tests and 0 33 mg per cent in the oral test following the firet doee
The<e decreases persist and are of comparable or greater magmtude at 1

hour and at 1% hours
2 In Diabetic Clulilren Without and Wih Insulin The findings 1n

B Serum Potassium wn Sham Tolerances and Folloung Intravenous or
Oral Glucose
Tt o -t '

L
the cine of phosphorus a gradunl declne in the fasting i\ dm,,;'l;,‘ 2‘
hour obsers ation pertod
2 In Juvenile Diabetics W ulmu(_n:uln“ﬂ:tll‘ T0ulin In g3t 4 gnet
ir
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fasting state 1n nondiabetse children (figure 9 1) are replaced by a defimite
rise in the healthy chuld who has received glucose (figure 9 2), whereas the
1nadequately treated juvemle diabetie, 2 e one not on msufin and 1 whom
serum total CO; content 1s lowered, shows a fall This does not oceur how
ever 1f ketosis or acidosts 1s absent or 1f msuhin hag been given

Presumably the nise i total CO; content 1n the healthy chuldren after
carhohy drate reflects an mncreased utilization of glucose and a decreased
catabolism of fatty acids The latter results in decreased plasma hetone
body levels and 4 rise 1 the total CO- content In the uncontrolled disbelic
not on msulin the reltance upon fatty acids for encrgy purposes continues
despite the admimistration of glucose The degradation of fatty acids to
acetyl CoA defimtely surpasses the rate at which they ean be uhhized by
the tissues and hence excesses of bets hy droxy butyric and acetoteetic acids
accumulate

D Serum Sodwm and Chlonde Levels tn Sham Tolerances and During
Ether Intravenous or Oral Glucose Admamstration to Healthy
Children and to Diabetics Wathout and 10 ith Insulhin

There 13 no cvidence that carbohydrate administration to the nondi
bette or drabetic chld discermibly alters the minor changes in serum ekl
ride and sodium esident during control observations (figure 9 2)

In summary therefore m cluldren with a diabetic type of blood sugar
response to test doses of mtravenous or oral glucose, the accompanying
serum electroly te changes differ considerably from those scen 1n nondi
betic controls ) the decreases 1n inorganic phosphorus either do ot oceur
or are much less pronounced b) the scrum total CO content tends to de
chine during the course of the test 1n contrast to the rise <cen control
studes and ¢) the potassium Jevels rse The sodium and chloride changes

Awn o chrg

nature of these responses st present precludes thewr routine clinteal use u;
a possible ard m the dentification of borderhne or unusual mstances o

Juventle drabetes

Int: ns

V Blood Sugar and EL Iyte Resp Durmng
Glucose Tolerance Studies 1n Cierhous apd 1m
Muscular Dystrophy
a £allom nw o standard amount of

1t) 1s greater than
e (figure 9 ) Pre
emoving some of the
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osc load by deposition as hepatic gly cogen Tlhis interpretation 1s sup-
ed by the finding that the serum morgame phospherus decrease which

—tts

gly colys1s 18 greater m the eirrhoties (figure 9 3) (2c)

1 Juvenile muscular dystrophy the ability to dispose of earbohydrate
flected 1n tolerance tests 1s umimpaired The studies of Van Bekhum
Querido (5a) suggest that the serum inorgame phosphorus changes

s

1n these patients presumably because muscle mass 18 dimimshed

™ olved by the disease process Our observations (5b,¢) (figure 9-4) 11~

~ that though the serum inorganic phosphorus change 13 of lesser de-
the difference 18 not statistically sigmficant

Summary

knowledge that acceleration of glucose disposal following earbohy-
. loading 1s accompanied by removal of morgame phosphorus and at
of potassium from the plasma and extracellular fluid has suggested

1
r
L

of such measurements as an ad 1o the detection of diabetes In
these indices have proved disappointing in that they have failed
ate sharply the diabetics from the nondinbetics In our pediatric
on a simlar overlap of scrum norganie phosphorus values 1s ap-

nhen venous blood samples are analyzed though the mean recponses

rent In the untreated diabetic the potassium levels usually nse

1cose adminstration (perhaps by inducing a dehydration reaction
'uase of cell potassium) whereas m healthy children or in imsulin
diabetses the potassium concentration may remain unchanged, de-
r 1nerease Concomutant analy<es for serum bicarbonate show a
ontrol subjects and no change or a fall in diabeties Chlonde and

alues appear to fluctuate at random mn both groups
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ghicose load by deposition as hepatic gly cogen This mnterpretation 15 sup
ported by the finding that the serum morganic phosphorus decrease which
reflects gly eoly s1s 13 greater in the exrrhoties (figure 9 3) (2}

In juventle muscular dystrophy the ability to dispose of earbohydrate
as reflected 1n tolerance tests 13 ummpatred The studies of Van Bekkum
and Quendo (5a) suggest that the serum inorgane phosphorus changes
are Jess 1n these pattents presumably because muscle mass 1s duminished
ormiolved by the disease process Our obseryations (5b, ¢) (fgure9 4) m
dicate that though the serum morgamie phosphorus change 15 of lescer de
gree, the difference 1s not statistically significant

Summary

[ e a .
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sith release of cell potasstum) whereas in healthy chuldren or 1y gy,

treated diabetics the potassium concentration may remam Unchanged go

crease, or increase Concormtant analyses for serum biearbonyt, shaw 5

nise 1n control subjects and no change or a fall 1n diabetics Chlorids gpg

sodium vatues appear to fluctuate at random n both group
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phosphorus (9a-d) and of serum potaseum (¢ d) i addition to lowerr
the level of the blood sugar These observations has e been amply confirme
since then (9e~n) and extended to the evaluation of vanables such
mental 1llness vitamn defietency hormenes and agemng (9o-r)

Recent studies i our laboratory have <hown that in healthy childre
and young adults the mntravenous admimstration of nsuln 01 umt pe
kg of body werght al<o produces a charactenstic decrease tn the serus
total CO content and a rise mn the letels of serum chlonide (10a) The
changes and the concomutant alterations in the blood sugar and the seru;
morgame phospherus and potassium concentrations are ehown 1n figu
10 3 (open columns) The fluctuations 1n sodium <how no trend

A Insubn Induced Hypophosphatemia

The mechantsm of the deerease 1n serum norgante phosphorus 1s farrl
well understood The demonstration by Levine ef al (9¢ h) that the ac
minmietration of fruetose which does not require insulin for entrance int
the cell and yet produces a decrease m serum inorganic phosphorus 1nd
cates that insulin per se 18 not es<ential for this change This view thatat
the entry of glucose into the cell rather than the pre<enee of insulin the
determines the serum tnorganie phosphorus decrease 13 supported by th
demonstration that 1t oceurs m the totally depancreatized animal in whos
& transler of glucose 1nto cells 18 prodiced by marhed nereases n the e
tracellular concentration of this sugar (9g h)

B Hypokalemia Following Insuhn

The factors operative 1n the potissium decrease are Jess well define
The work of Dury (11a-c¢} indicntes that the adrenal medulla plays
key role In the adrenalectomized and 1n the adrenal demedullated rat th
potassmum does not decrease following wnsubin administration Dury sy
gests that the discharge of the adrenal medulla by the insulin induce
hy pogly cemua 15 eesentral for the hypohalemic response Where the pota
s1um goes 1¢ an unscttled question The decreases scem too pronounced
Le attnt utable to hemodilution as a conccquence of an access of eelluls
fuide and I ence must result from transfers of potasstum out of the extrs
vell Harspare eatheran urme oranto eells {115 @) A number of processes as
known to produce the latter mncluding glycoly a1« (12a-d) the depositio
of Iner gly cogen (131 b) and the formation of cell protem (14)

There 13 as yet no explanation for th e decreases in the scrum total €O
content and chilon fo 1nereases which accempany the decrenses i senm
morganie phosphorus and potassmm following intrascnous inculin
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40.
© EJ C) EJ B
MINUTES
Frc 102 Hrroouicevic Errect o Intravenots Instury 1v Hewrsy
Novorazeric ClsLores

The control subjects and the studies are the same as those shown m fig 101 (7}
The intravenous injection of rapid-acting crystalime msuln 01 umt per g of
body weight (given as a freshly made 1 9 dilution 1 09 per cent saline to assure
accurate dosage) 13 followed by an average decrease of 279 mg per cent 1 the capi
lary (Hagedorn~Jensen)} blood sugar lesels The return to premjection levels 1g vir
tually complete at 1 hour The figures =74 =101 =I11, and =85 refer of course
to the standard deviation (8D ) from the mean at 0 30 60, and 120 min , respectively

diet renders the organism less seasttive to msubm (83, b) Recently, Guest
and Ius colleagues (8c) have shown that acidosis also suppres-es the re
sponse

Until recently the use of the isulin tolerance test 1n humans has been
confined Jargely to the i estigation and charactenzation of endocrmologic
disorders other than the usus! type of adult or juvemle diabetes mellitus
(7b—d) Stnce attempts to segregate diabetes into two groups, the meulin
sensttive and the msulin msensitive, have been based largely on the use of
glucose-msuhin tolerance tests and more recently on the results of msufin
tolerance studies, these are discussed together 1n section V of this chapter

II, The Known Effects of Insulin Administration upon
Electrolyte Concentrations in Animals
and in Humans

after isulin became avarlable 1t beeame evident that its ad-

Shortly i margarit

mumstration produced a decrease in the concentrations
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Lawrence (17m) has suggested a classifieation of diabetes which takes
1 the concept of insulin resistance In his elassification diabetics fall into
ene of three groups the hipoplethoric (obese adults whe have httle tend-
ency to hetous and respond readily to dict and to nsulin), the msuhn-
defictent (children and 3 oung adults with ready tendency to hetows), and
the lipo atrophie (no fat depots hiver disease, intense hyperlipemua, hittle
ketosts, and insulin remstant) As 4 worhing hypothests he beheves that
the lipogenic action of insulin eannot be ffected 1n the first because fat
depots are filled and glycosuria thereforc appears 1n the lipo atrophie
groups an mability to deposit fat 13 postulated

Summary

Insulin may act to accelcrate the disposal of carbohy drate by facilitating
the entry of glucose 1nto cells, accelerating the phosphory lation of glucose
and 1nereasing the transformations wathin the Krebs eyele An important
by product of the latter two cffeets 13 the production of Ingh cnergy com
plexes of phosphorus It should be emphasized howerer that insulin does
not mmitiate these reactions but rather alters the rates at which they oceur
This 18 tn heeping with the hnowledge that glucose utilization still occurs
cven though at a greatly reduced rate in the ammal totally deprived of
msulim

The admimstration of insutin without earbohy drate produces hy pogly
cemin which 1s accompanted by hy pophosphatemna, hypohalemia and
by perchloremia in the nondiabetic In the diabetic these plasmn constitu-
ents undergo directionally comparable changes which ultimately prove to
be of the same magnitude as in the nondiabetic The rates at which they
occur how ever are much slower The use of in<ulin and glucote in combina
tion produces less of & deerease 1n serum morganie phosplioru< and 1o po
tasstum 1n diabeties than m normale

It has been suggested that insulin glucose tolerance responces can be
used to 1dentafy msulin sensitn ¢ and msenwtine diabeties though the day -
to day variations 1n such responses render tlus uncertam
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The responses are comparable 1n the two groups (Ye)

and Gnffiths (171) have pomted out that the diet and the control at the
t1me of the test will convert the patient from onc eategory to the other
Recently, Anderson (17)) has suggested that farlure to use glueagon free
msulin as Himsw orth did accounts for the test fatlures He believes & %
munute tolerance test using pure insulin suffices for the elasnifieation aod
also pornts out that dict can change the patient from one category io the

other
A The Inhcrent Varabthty of Glucese Insulin Tolerance Tests

The great varabihty in the disappenrance of glucose folloning one iype
1 br eesn oog the complevty
5 gm of glucose
body weight
mg per cent per
d 1n severe dia

betes between 15 and 69 Tt 15 obvious, therefure, tuat w some diabehice
il or ses ere, the utihization of glucose 18 1s high as 1t 18 i normals and
no sharp separation on basis of sensitnaty and nsenatinty 1s enadent
Westphal has also pomted out that sunple water deprysation produces 8
temporary but marked merease 1n 1nsulin resictante ()
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regulation of the bleod sugar concentration As the level of blood sugar
nices, mnstlin output as reflected by the hypogly cemic effect 1 the reciprent
ammal also rise: Decreascs n the level of blood sugar evohe 1o turn an
mereased release of the factor which rawes the bleod sugar The finding
of hypergly cenuc glycogenoly tie prinetples in the extraets of vartous tis

euea may mean that pancreatie glueagon 1s transported and stored 1n these
sites or, as ndicated carlier that these {actors ariee theren and need not
be chemmeally related to pancreatic glucagon The admimistration of 113t
Iabeled panereatse glucagon results in o high concentration of radicactive
protein 1n the hidney and lc~ er amounts, 1n the order of descending con-
centrations n the thyroid blool Iner duodenum, salnary glands and
pancreas (6) Ttis probable that some of the hy pergly cemie gly cogenolytie
factor which e1n be 1solated from urine 13 gluegon but another principle
must be prescnt 2s well heeause Moy s and Hoffman (7 b) have found
that the urinary factor 1« mueh more active than panereatie glueagon i
stimulating gly cogen breshdown in liver homogenates

1 I flects upon Interme hary Metabolism

In the dtabetic rat glueagon preduces only a transient increase in gly cos
uria (81} Gluergon depresses the sneor oration of acetate into Is er fatty
acids (8b) and the admini tration of glueagon to normal rats for brief
Persods of time anhibits the rise m Inver fat and the hetonemia which ae
company fasting (3b) It 13 of interest that undcr such cireumstances the
Inner ghvcogen and blood sugar remain constant and the urinary mitrogen
inereases The last fact has already bean ated (scetion ITI) as posable
enidence for an effect of glueagon on gluconcogenesi= In the intact foree
fed rat on a lugh carbohvdrate diet glueagon meretses tlood sugar and
Elycosunsa (Se) The Jast tno sct< of studies mentioned suggest that the
biochemieal effects of glueagon vary with the state of nutrition and the
metabolic substrate

B Changes Following Prolonged Therapy uith Glucagon

Galansino and others (941 gwe glueagon intrapentoneally to adult
rats for periods of 14 to 164 days and noted no significant changes in the
levels of serum cholesterol ipid  and lipoy glucose tol and
tnsulin tolerance were not altered  the waght and appearance of the Iner
Peart pancreas ptwitary and adrenals were unchanged gly cogen con
tent of hiver, heart and gastrocnerius muscle did not differ from that ob
ferved n control<®

Recently Best and colleagues have shown that depot glucagon has a
diabetogeme actron in force fod rats (9b)

* oot bowerer has confrmel her earl er work i cat ng that glucagon wercases
Trer gl cogen under (¢ cond Lons of her exponments (En foennology 52 310 1958)
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III. Mecl of the Hypergl: Effect of Glucagon

Burger and Kramer (1d) 1 thar early studies reached the conclusion
that glueagon acted directly on hepatie glycogen On thearetical grounds
however, the ni<e 1n blood sugar following glucagon could result from liver
degly cogenation with release of glucose, from increased gluconeogene«s
from an inhibition of ghieose utihzation, or from eonversion of muscle
glycogen and lactic aexd

A Studies of the Release, Production, and Disposal of Glucose under the
Influence of Glucagon

The studies of Kibler and Myers (3a) showing that glueagon infusions
produce an outpouring of glucose from the liver with no ugmificant splanch
n¢ ures production indicate that gl from protem (there areno
data on fat) males no umportant contribution but 1t must be pointed out
that n fasting rats glucagon has been found to merease urimary nitrogen
excretion (8b) The fact that artertovenous blood sugar differences show
no change following glucagon (3¢, d) suggests that the hyperglycemic
effect cannot be attributed to an nlubition of the peripheral utilization of
glucose The mtravenous glucose tolerance studies of Ingle ef ol {3¢) m
eviscerate rats also indicate that glucagon does not interfere with carbo
hydrate disposal On the other hand evidence has been advanced that glu
cagon enhances glucose disposal (31}

There are no spectfic data on the effects of glucagon alone 1if any, on
glycogen 1n musele and other tissues, though 1t has been noted that 1
contrast to the epmeplrine cffect glucagon does not increase lactic ard
levels (3g) W hen gluengon 15 g1y en with msulin how ever 1t interferes with
the muscle glycogenating effect of the latter (3h-h}

B Enzyme Systems Involved wn the Hyperglycemic Effect of Giucagon
The demonstration by Sutherland and Cor: (4a) that glucagon mcreases
phosphorylase activity m liver shees as measured by gly cogen synthests
rdentifies one of the enzy me systems nvolved Y ostiut and others (4b-d)
have shown that the concentration of active phosphorylase m the Ier
represents a balance between sy nthests and mactriation and that the s3n
thetic aspects of this balance appear to mvolve epinephrine and g]uc;gun
while mactivation 1§ catalyzed by another enzyme The latter has been
tentatively designated as the liver phosphory lase nactivating enzyme

IV. Phystologic and Biochencal Effeets of Glucagon
(6) ndicate that the s¢

ts of Foa et al
The cross cireulation experimen & of msuhn 15 under the

cretion of hy perglycemic gls cogenolytic factor an
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€ With Anterior Patustary Adrenocorticolropin

Tlelmer and Root (12) have reported that m rabbits adrenocor
enhances the hypergly cemic response to glucagon This 15 quite 1
with the hnown cffcets of ad 1eal steroids m g
genests mterfering wath the peripheral dizposal of glucose, and f:
the deposrtion of hiver glycogen

I Wth Bstrogens and An fragens

In rablat studies the admymstration of folliculin produced cor
depressron of the action of a hypergly cemue glyeogenolytre facto
{rom the pancreas whercas amlar amounts of testosterone had
{132 by

VI Chnical Trials of Glueagon

QGlucagon has been tried with aut benefit 10 \on Grerke s disease
defects of pl osphorylase action are known to be present (14)

Tartley et al (152 b) have reported that in stable 3¢ 1n 1
sensatsve human diabetes glucagon produced a greater and more §
nse 1n blood sugar and a lesser serum phosphorus falt than in the
or meulin sensitive The first of these ebeervations would fit in
well known observation that adequate stores of Iner glycogen
the control of diabetes but the second 13 more difficult to explamn
the labile dinbetic 18 unable to dispose of as great z part of & carl
Joad by glycogenation and therefore ghycolysis which pre em
phorus 13 enhanced (ser Chapter 9) Prelumnary reporis of &
tempts to categorize diabetes on the bras of the response to glues
begun to appear (15¢ d)

VI Biood Sugar and Electrolyte Effects of Glueag
In Dubetic Children

In prelmmary studies we found that the admimstration of
tntravencusly 16 gamme per hilogram of body weight produced
nse in the 30 minute bloo § sugtr level iv seven out of exght daal
dren and a delay ed rise n the gl th (18) The magmtude of th
10 fise of the ehnldren was greater than that seen i the controls (fi
and 11 2) These findings suggest that ghueagon refrased ghy cop
from the liser af cach diabelic and that the grenter rec was pro
Inted to a relative mabalits of the dinbctics to dispose of the iney
blood sugar Thie 13 supported 13 the tendeney for t e blood su;
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V. I 1 of Gl and Other End S,

A Wath Insubn

It has already been indicated i section IV of this chapter that an mverse
relationship appears to be present between the level of sugar or the output
of imsulin and the seeretion of glucagon As mght be expected imsulin can
ultmately cancel the hyperglycemue effects of glucagon (10a) The stud es
of Root Ellis and Staub {10b) fatate the converse relationship 1¢
. 2 ) PRI e Mhne €n nd

T

ing with tms measurements of blood sugar levels 1n mice show that even
with a 50 per cent glueagon admuxture only the 15 mmute point 15 b gher
than the pure msulin response Inrabbits however there 13 a more marked
blood sugar difference 1n that & one per cent. glucagan.admixture results
n hyperglycem:a at 15 minutes « return to the zero value at 30 munutes
and no difference thereafter from the blood sugar curve gbtained with pure
msuhin If & ten per cent admixture 1s used the glucagon plus nsuln curve
18 higher for the first full hour and then identieal with the glucagon free
msubin decrease The effect of glucagon msuhn mixtures in man has not
been established  ~

B Thath Anteror Piturtary Growth Hormone

A number of obsers ations pont to & relationship betw een glucagon and
growth hormone Thus Bornstemn Reid and Young (11a) found that ad
mnistration of growth hormone resulted n the appesrance of a hyper
glycemic factor 1 the portal blood of alloxamzed hypuphysectomned
adrenalectormzed rats Cross cireulation experiments by Fod et ol {11b)
support the same conelusion The admmistration of growth hormone
has been shown to produce an imtial traneient hyperglycemia which has
been attributed to a discharge of the alpha cells (sce Chapter 2) Cavallero
and Mosea (l1c) reported that growth hormone mcreased the mfotie
activity m the pancreatic islets and particularly m the alpha cells Th;
pancreas of a dog m whom diabetes had been produced by five weeks 0

s~ 1121 cha ad marked eranulation and enfargement of £

1 cells These snd other

uces a hyperglycems

ls However 1n view of the cobalious

flect and changes mn the alpha cel!
chlonde e o {see sectron 11} a divect relationship

chloride alpha cell glucagon story
ean only be postulated
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C Tith Antenior Priwrtary Adrenocorticotropin

Helmer and Root. {12} have reported that 1n rabhits adrenocorticotropn
enhances the hypergly cemic response to glucagon This s quite 1n heeping
with the hnown effects of adrenocortical steroids n mereasing gluconeo-
genesis anterfertog with the perspheral disposal of glucose and facthfating
the deposttion of Inver glycogen

D Wth Estrogens and Androgens

In rabbit studies the ad: ation of folliculin produced derabl
deprescion of the action of a hy pergly cemue gly cogenolytic factor 1¢0lated
from the pancreas whereas similar amounts of testosterone had no effect
(132 b)

VI Clieal Trals of Glucagon

Glucagen has been tried without benefit 1n 'V on Gierhe s disease m winch
defects of phosphory lase action are known to be present (14)

Rurtley et al {15a b) have reported that m stable 1¢ 1n insulnan
ensitrve human diabetes glucagon produced a greater and more prolonged
nise 1n blood sugar and « lesser serum phosphorus fall thar m the un<table
or msulin gen<itrve The firet of these observations would it 1n with the
well Lnown observation that adequate stores of Iner glycogen facilitate
the control of drabetes but the sccond 1» more difficult to explain Perhaps
the labile diabetie 1s unable to dicpose of as great a part of a earboby drate
losd by glycogenation and therefore glycoly«is which pre empts phos
phorus 15 enhanced (see Chapter 9) Preluminary reports of sumlar at
tempts to categorize diabetes on the basis of the response to glucagon have
begun to appear (15¢ d}

VI Blood Sugar and Electrolyte Effects of Glucagon
in Diabetic Children

In preltminary studies we found that the admnistration of glueagon
mtravenously 16 gamma per halogram of body werght produced a distinct
nise 1 the 30 minute blood sugar level 1o seven out of exght daabetic chul
dren and a delayed rise m the eighth (16) The magnitude of this mncrease
m five of the children was greater than that seen 1n the controls (figure 11 1
and 11 2) These findings suggest that glueagon released gly cogen stores
{rom the liver of each diabetic and that the greater rie was probably re
lated to a relative inability of the diabeties to dispose of the merement 1n
blood sugar This 1s supported by tte tendency for the blood <ugar to re-
main elevated 1n the diabeties 1n contrast to the return to premjection
levels in the controls Howeser the presence of a decretse 1n the cerum
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V. Interrelations of Glueagon and Other Endocrine Secretions
A Wath Insubn

It has already been indicated m section IV of this chapter that an mverse
relatsonship appears to be present between the level of sugar or the output
of wnsuln and the secretion of glucagon As might be expected msuiin can
ultimately cancel the hyperglyceme effects of glucagon (10a) The studies
of Root, Ells, and Staub (10b) titate the converse rel hip, 18
the effect of gh upon the hypogly action of msulin They found
that glucagon and msulm 1n ratios ranging from 1 100 o 1 1 did not alter
the potency of mnsuhn as measured by the mousc convulsion assay Inkeep
shg wath this measurcrents of blood suger levels in mice show that even
with a 50 per cent glucagon admixture only the 15 minute pomnt 1s higher
than the pure mnsultu response In rabbits however, there s a more marked
blood sugar difference m that a qne per.cent glucagon admiture results
1n hyperglycerma at 15 minutes, a return to the zero value at 30 munutes
and no difference thereafter from the blood sugar curve obtamed with pure
snsulin If o ten per cent admixture 1 used the glucagon plus msuln cune
15 Ingher for the first full hour and then 1dentics) with the glucagon free
sufin decrease The effect of glucagon snsulin mixtures m man has not
been established

B With Antenior Prturtary Growth Hormone

A number of obsers ations point to a relationship hetween glucagon and
growth hormone Thus Bornstemn Reid, snd Young (11a) found that ad
tration of growth h resulted i the appearance of & hyper
glyceric factor 1n the portal blood of alloxsnized hypophysectam\zebd
adrenalectormzed rats Cross circulation experiments by Fod et al {i¥ )
support the <ame concluwon The admimstration of growth lmrm;n:
has been shown to produce an mitial transient hyperglycemia whneh ha
been attributed to & discharge of the alpha cells (see Chapter 2) Cuva“im
and Mosca (11¢) reported that growth hormone increased the mnl%::
anf 1w the nanereatie 1slets and particularly m the alpha cells.. e

1N VIEW UL UE Lo

effect and changes i the alpha cells However, et  fatronship

chlonde alpha cell glucagon story (sce section
can only be postulated
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measure and perhaps entirely from depolymenzation of liver glycogen,
gluconecogenesis from protein and especially from fat have not been defi-
mitely excluded nor has the question of possible interference with or fa-
eilitation of the peripheral disposal of glucose been uneqursoeally settled

The diabetic and nondiabetic both respond to glueagon with hypergly -
cemia though in the former the elevation 1n blood <ugar persists However,
such hyperglycemic responses eannot be cited as evidence for adequacy
of gly cogen stores 1n the diabetie, since interference with carbohydrate dis-
posal or inereased gluconcogenesis in the diabetic could mask an inade-
quate deglycogenation response
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In both the diabetic (solid line) and nondjabetie chuldren {broken Lne) glucagon
(16 « per hg 1v) induces comparable inerements o blood glucose concentrat ons
‘These persist longer 1n the diabetics (16)

Fia 11 2 Hyrornospiareurs FoLLow e GLUCAGOY ADVMINISTRATION
The scrum morganic phosphorus decrease 1s about the same 11 teen-aged diabeties
(sohd lmnes) and teen aged or young adult nondisbetic control subjects (bm;mﬁ
hines) following intrat enous glucagon at zero ime 16 y per kg of body weiglt (18:

organtc phosphorus concentrations 1n the dibetic (figure Il-Z)L’;ld’a
cates that phosphory lation and gly colysis were oceurring though not to
degree sufficient to eancel the glucagon induced blood sugar rise
Summary
Glucagon or the hypergly cemme gly cogenoly tie factor of thle p“:lc:?ﬂ:
acts upon hiver gly cogen The hy pergly cema which ensues results m 13rg
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measure and perhaps entirely from depolymerization of liver glycogen,
gluconeogenesis from protemn and especially from fat have not been defi
mitely excluded nor has the question of passible interference with or fa
etlitation of the peripheral disposal of glucose been unequivoeally settled

The diabetic and nondiabetic both respond to glueagon with hy pergly
cemia though in the former the elevation 1n blood sugar persists However,
such hy pergly cemec responses cannot be eited as evidence for adequacy
of glycogen stares 1n the diabetie smee interference with carbohydrate dis
posal or increased gluconeogenesis 1n the diabetic could mask an mnade
quate degly cogenation response
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CHAPTER 12

Carbohydrate and Electrolyte Effects of
Lpmephrine

Prior to 1950 commercial preparations of epinephrine contamed ad
mixtures of norepmephrine Though these two amines are closely re
lated structurally and possess the same general physiologic properties
there are specific differences in their actions Some of these have been
discuseed 1n Chapter 3 (1a {) It may also be that therr biochemical
effects differ Ience m the discussion of the hnown curbohydrate and
electrolyte cffects of epinephrine whicl follows 1t must be kept 1 nund
that the so called epinephrine studies conducted earber than 1920 were
actually based on the admimstration of epmeplirine and norepmephnne
The proportions of the two amines were probably four to nine parts of
epinephnne to one part of norepinephrine (2a) smce 1t 1s only 1n medul
lary tumors such as the ) ytomas that larger ad
of norepinephrine have been found (2b ¢)

1 Effects of Epinephrine and N hrine on the Blood

Sugar and the Glycogen of Liver, Muscle, and
Other Tissues

The subcutaneous admimstration of epinephrine i a dosage of 001
ml of a 1 1000 solution in 09 per cent saline per kilogram of body
weight produces an clevation i blood sugar Measurements of blood
sugar concentrations at %4 hour imtervals reveals a peak at 60 to 90
minutes and a return toward p levels The mag
mitude and duration of this epinephrine induced rise in the blood sugar
of & group of healthy teen age children and young adults in the fasting
state 13 shown 1 figure 121 (3a b) The studies of Kroneberg and
Ronicke (3c) and of Kappert et al (3d) 1ndicate that the hyperglycerme
effect of norepmephrine 15 much less than that of epmephnre

Analysis of the liver skelctal muscles and other tissues for glycogen
content routinely shows a decrease after epinephrine though the degree
to which this occurs 1s varable {4a-¢) It should be noted that meofar
as the lver glycogen 1s concerned insulin (4d) pancreatic glueagon
(4e) and other unidentified hyperglycemic glycogenolytic factors (4f)

207
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=

Fra 12 1 BLoop SucAz AnD SzRuM Porassivyt PHOSPIZATE AND
Bicarsovate Crtances Tottowna Epreririne
Dotted lmes identify control studies i healthy teen-ngers apd young adults
sold Lines refer to results i teen-sge Juvenile d abeties The hyperglycermia 18 of
comparable degree but pers sts Jooger in the d abetic The diabetics start with b gher
potass ym and phosphorus 1alues and as 2 group show less of o decrease The terun
total CO:(HCO;) responses are about the same (32 b)

also produce a depletion, but of these only epinephrine 15 known to re
duce muscle glycogen (4g j} von Eulers findings (1b) indicate that
norepiephrine has much less of an effect on muscle glycogen, since the
nse 1 Iactic acid 18 not as great as that produced by epmephrine

T The Mechanisms of Epmephrine {yperglycemia

As 1n the case of any agent which induces hyperglyceria the rise
blood sugar produced by epinephrine may be the result of &) 8 ‘h’f“:
dynamie equiibrium leadng to a depolymenzation of liver sb"%@;
b) 1t may reg 3 d gl or, e) 1t may be produce ”)"
an inhibition of the penipheral dispo<al of glucose Studies in pahents’n ‘1‘0
museular dy strophy hiave raised an additional possibihity d} muscle gy
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gen may contribute to hyperglycemia by conversion of lacie soid to
glucose {2d, 3a b)

A Role of Degl, , Gl and Penpheral Blockade

It has already been ndicated 1n the preceding scetion that epmeph
nne does 1ndeed decrease hver glycogen (4a—¢) However, 1t must be kept
m mmnd that epmephrine may ncrease or decrease tissue glycogen m-
cluding that of muscle, d ding on the exp: )] bles, and the
particular muscle glycogen fraction analyzed (4k-p) Insofar as the second
pont 1s concerned, there are dsta which indicate that gluconeogenesis from
at least fat may be increased by epinephrine (41-k) With respect to the
third possibility, 1t has been shown by means of arteriovenous differ-
ence measurements (5a—c), and especially by means of glucose toler-
ance studies 1n eviscerated ammals (5d), that epmephrine does inhibit
the peripheral utihzation of glucose, though earlier studies have been
mterpreted to indicate that this amine has no effect (5e f), or actually
enhances the disposal of carbohydrate (5g) However, care must be taken
to specify whether such enh t of drsposal rep glucose catab-
olism 2s herem intended or deposition of glucose as tissue gly cogen {5h, 1)
Finally, m regard to the fourth point our studies in muscular dystrophy

patients are ble with d release and of muscle
lactic aexd to blood glucose o the hiver This 1s discussed further in section
V of this chapter

The information available to date indicates therefore that at least three,
and probably all four, of the possible effects contnbute to the hyper
glycemia which follows the admimistration of epinephrine Comparable
data on norepinephrimne are lacking

B The Enzyme Systems Involved

As pomnted out 1n the chapter on glucagon, work 1n the Corts’ laboratory
(6a) and by others (6b-d) has shown that there are enzymes in the
Irver, phosphorylases which control the dynamic aspects of liver gly-
cogenation and deglycogenation In one current vsew, epinephrine ne
creases the level of phosphorylase by stimulating the synthests of this
enzyme rather than by inhibiting its mactivation, s role that has been
assigned to the liver phosphorylase nactivating enzyme (6b, ¢) Though
glicagon appears to have the same effect, 1t has not been established
that an identical mechamsm of action 15 mvolved Nesther have the
intermediate changes 1n musele and 1n other tissue enzymes which pro-
duce deglycogenation and inhibition of glucose utihzation been eluci-
dated
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NI Serum Phospliorus and P Changes Foll
the Ad, -ation of Epineph

A Decreases In Serum Inorgame Phosphorus Levels

It has long been r ] that hrine prod; a decrease 1n
the serum level of morgame phosphorus (7) Tlock (8a), Soskin (8b
and therr co workers, and De Venanzi (8c) have ponted out that stud
tes 1 ammals indicate that an intact pancreas 1s necessary for the de
crease 1 serum inorganic phosphorus which follows epmephrine The
resultant hypophosphatemia can 1n turn be taken to reflect glyeolys:
with attendant phosphorylation and perhaps other transfers of serum
morgamc phosphorus The fact that entry of glucose mnto cells gly
colysis and a decrease m serum phosphorus occur despite the epmeph
nine induced peripheral blockade of glucose utthzatron merely means
that the net effect of the rise n blood sugar concentrations upen gle
cose entry 1nto cells exceeds the net mhibrtory effect

B Emnephrine Induced Hyperhalemwa and Hypokalema

Simtlarly, ample evidence 1s available that epmephrme produces &
change 1n the serum concentrations of potassium An intravenous 1
Jectton of epinephrine or perfuston of the liver with epimephrme releases
potasstum to the surrounding flrd D Silva and others have shown that
1f observations are made within several minutes of epmephrine admnis
tration, the serum potassim rises and falls or first falls and then rices
and falls (9a—) However at the 30 mmnute point a defimte drop 1
serum potasstum 1s aln ays present (3a) The studies of Dury (102} wndi
cate that the decrease 1n serum potassium which 1§ produced by isulin
depends upon the presence of an intact adrenal but there are no observa
tions comparable to those on serum morgante phosphorus on the effect of
pancreatectomy or destruction of pancreatic 1slets upon the potassm}:ﬂ
effect of epmephrine The origin of the hypohalemia following epinep
rine remams obscure It may result from transfers out of the extracellular
fluids mto the tissues, and 1n part from mcreases 1 urinary excretion (7\:
Unpublished studies 1o this laboratory indseate that at cannot be attn :
uted to dilutton of the extracellular v olume as a consequence of transfert
of cell nater

Epimephrine therapy protects ammals against potassium mtoﬂ:(;m:l:
(10b~d}, whereas n the adrenalectomized ammal eprnephrine pr l ‘:m
much more of 2 potassium decrease than n the normsl (10e) Thels “
could be related to the absence of the adrenocoll"hc::l steroids with rerov

teroid mduced blochade of glucose utilization
ﬂf‘;l:?uf :hz case of the blood sugar change norepinephrine 1nduced BY
pokalemia 13 less than that which follows epinephrime (1b}
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IV, Changes in Other Serum Electrolytes Accompanying the
Decrease in Phosphorus and in Potassium

Detailed studies of the electrolyte responses of healthy control subjects
m our laboratory have revealed that the epmephrine-mduced hypergly-
cem1a, hypophosph 2nd hy pokal are d by definite
decreascs 1n serum total CO; content These are illustrated 1n figure 12-1
(3a,b) The mechanisms whereby these changes are produced by eptneph-
e have not been defined The serum sodium and chloride fluctuations
have shown no predictable pattern of change

V. Effects of Hepatic and Muscle Disorders on Epinephrine
Nyperglycemia and the Associated Elcctrolyte Changes

4 In Laennec’s Cirrhosis and Other Diseases of the Liver

In hver disease epinephrine produces less of a nise 1 blood sugar (104,
1la—c), presumably because hiver glycogen stores are depleted or less
readily released The d 1mn serum 1 serum
potassium, and 1n serum total CO. content characteristically present at
the Ya-hour point n healthy subjects are on the whole less pronounced
(figure 12 2) (10f) In Von Gierke’s disease epinephrine does not produce
hyperglycem:a and this 1s utilized i the chimcal 1dentification of such -
fants (12)

B In Juvemle Muscular Dystrophy

Muscular dystrophy patients provide an opportumty to estimate the
magmtude of the muscle contribution to epinephrine hyperglycemia In
muscular dy strophy the hyperglycemie response to epinephrine 1s defimtely
less than 1 normnl controls (figure 12 3) (3a, b) This could, of course,
be the consequence of a defiest 1n or an unusual tenacity of liver glycogen
stores, a m the 10n from
if such there be, or result from an impairment of the usual epinephrine
bluckadc of the pcnpheral utxhzntmn of earbohydrate As a fourth altema-
+

nephrine 15 less This would result 1n a lesser release of lactic acid and less
hyperglycemia after conversion to glucose 6 phosphate 1n the hver

Vi Ep hrine Tol Studes in ¥ Je Diak
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¥io 12 2 Epmverriarve Resposses 1y CiseHOSIS

Open columns represent average responses in healthy adults, solid columns identify

studzes 1n adult cirrhosis Statistreally eigmficant differences are starred The changes
1 blood sugar and 1n electrolytes are less marked 1 the cuthotics {10f)

trols, nveraging 351 and 377 mg per cent, at Y-hour (3b) It s to be
noted that, compared to nondiabetics, the subsequent decrease 1n the blood
sugar 13 less pronounced Direetionally, the electrolyte changes resemble
those seen 1n the finbetics, te, the phosphate, pot: , and b
carbonate levels all fall, but the changes in the first tn o are of Jesser degree
These findings are presumably related to the more hmited utihzation of
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glucose 1n the diabetic and is 1n keeping with the persistence of the hyper-
glycemta

Summary

Lptnephrine, hike glucagon, activates Iiver phosphorylase (not necessar-
1ly 1n an 1dentreal manner) and results in degly cogenation of the hver In
addition 1t decreases muscle glycogen and nterferes with the penphesal
disposal of ehience Thatack cmmat
t
¢ .
Lme-tiduced hypergly cemia represents the net result of release of Iner
gly cogen, degradation of musele glycogen with cons erston of the resultant
lactic acid to blood sugar in the hver, and peripheral blockade of glucowe
utthization Inercascd hepatic gluconcogenesis may al<o play a role

In epmephrine tolerance tests the diabetic responds with hy perglycemsa
cqusvalent to that seen in nondiabeties The mterpretation of this as an
1nden of Iy er glycogen stores 1s subject to the same limitations eited with
respect to glucagon in the summary at the end of Chapter 11 In the non~
diabetic the hyperglycerma 1s accompamed by a profound hypophos
phatemua, hypohalemia, and a decrease 1n serum total CO_ content In
the drabetic these changes are less pronounced

In Iar dystrophy epmephrine produces Jess of a blood sugar and
clectrolyte respanse and the same s true w adult ewrrhotics
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CHAPTER 13
The Renal Glycosurias and True Renal Glucosuria

In general use phrases such as renal glycosuria, syroptomless glycosuria,
bemgn mellituria, nonpanereatic glycosuna, and renal diabetes are non-
specific 1n that they are apphed to patients who have reducing sugars
1 the urine without elevation of the blood glucose Ievel above the usual
fasting and postprandial hmits (1a-, 2a-1) Marble et al (2g, h) have
suggested, however, that the designation renal glycosuna be apphed only
to patients a) 1n whom glucose 15 present 1 appreciable quantities 1n all
urine specimens, even those obtaned during the fasting state, b) 1n whom
the fasting blood sugar concentration and the response to a test load of
glucose as indicated by blood glucose levels, R Q changes, and the de-
crease 1 serum 1norgantc phosphorus are thase of the nondiabetic, ¢) 1
whom 1nsultn admmmstration does not affect the glycosuria, and finally,
d) 1n whom ketosis 1s more likely to develop on fasting than on overeating
Though Marble’s recommendations are reasonable and his entena, with
the exception of the last one are 1) ble for the identrfi
of this one type of glycosuria (2b, 3a), this entity requires a less confusing
designation It might be better, for example, to use the phrase “true renal
glucosuria” for this particular subdivision 1n the general category of
glycosurias This custom will be followed 1 this chapter while the non-
dabetics with oceasional small amounts of urmary glucose will be desig-
nated as les of P 4 The der will be referred
to as of fr 1 or pentosuna, depending upon
the particular sugar present This elassification leaves patients with non-
carbohydrate reducing agents m the urine m a scparate category (table
13D

L. The Frequency of Positive Tests for Urinary Reducing
Sulstances of AIl Types in Nondiahetic Adults
and Children and Their Causes
Routine tests such as those conducted on military mductees and on
school ¢lldren show an ineidence of reducing substances n urne which
ranges from 4 to 50 per thousand Thus Blotner and Hyde (2e) found 367
stances of mellitunia m 45,650 inductees, ranging 1n age from 18 to 45
219
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TABLE 13-1
Glucosurts of diabetes
-Glucosuria—True renat glucosuna
Nonspeetfie glucosurss

Lactosunia

r\ or }m pregnancy
A Gl}'cosunu—L *Galactosuria,

)

"y
)

vl

-Pentosurta
Salicy lates

-Antibiotics

B Noncarbohydrate -Ascorbie geid
reducing sub
stancest -Phenols

Glutathione

* or 1n galactose intolerance

t see text for others
years Wolman (2f) reported 296 mn 77,293 tramees In school children
Stuck (2;) obtamed 81 posttive tests 1 1658 urine analyses

A Nature of Unnary Reducing Substances

In most instances apart from pregnancy the reducing substance prest‘n]:
n urine 13 glucose with fructose (levulose) and pentose (xylulose), bot
of which are errors of metabolism, occurring next 1n the order of frequency
In pregnancy in nondiabetics the usual sugar 1s galactose or Igctfsi {i’f}

herein re
resent

& spillage of glucose and whieh are found only sporadicslly,
o the

fied Some rep
ferred to as nonspecitfic glucosuris, remain unidentt
the 1mtral manifestations of diabetes mellitus Others may fall snt
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category of “Emotional Glycosunias’ descrtbed by Cannon (1b) Un-
diagnosed hyperthy roidism (see Chapter 4) or other types of “physiologe
alimentary glycosuria” account for a small number (2a) Some of the
positive tests are blunders based on erroneous interpretations of the
Benediet's test or the Chntest

The remainder are false positives ansing from redueing agents other
than sugars, such as saheylates (2n) or antibioties (20) Other substances
known to produce false positive tests imnclude the glucurontdes, ascorbie
acid homogentisic acid, phenol, and glutathione (2p)

B Occurrence of Subsequent Diabetes 1n the Nonspecrfic Renal
Glycosunas

1t 13 obvious that the more precise and effective the eriteria employed for
the diagnosts or the exclusion of diabetes mellitus 1n patients first seen
with 5o called nonepecific glucosuna, the less will be the subsequent
cidence of diabetes mellitus i the remaining members of the group In
the older studies from some clintes the figure ran as high as a 27 per cent
mcidence of subsequent diabetes (2q) In our own experience with some
500 nonspecific renal glucosurias which did not fulfill the entena for
diabetes, five subsequently develuped dmbetcs (2r) This 13 1n keeping
with the ? gly 1 msured persons
reported by Marks (2u)

IL True Renal Glucosuria

In terms of renal the of gl m the face
of normal levels of blood glutcose cannot result from an increased glomerular
filtration rate which in the human but rarely becomes supramaximal (25)
and must be the consequence of a decrease in the Tmyg, 1¢, a decrease
1n the tubular mass involved 1n the reabsorption of glucose (see figure 14-1
m Chapter 14} This has been shown to occur in true renal glucosuria and
18 at times associated With a decrease 1n T yy, t €, 1n the tubular mass
mvolved 1n the secretion of para ammohippurate (2t)

A Inadence

Only & small portion of the renal glycosurias fall mto the estegory
defined by Marble and others (2g, h) and herein renamed true renal glu-
cosuria At the Montreal General Hospital, Fowler (2b) clasmified only
seven of 4000 cascs of mellituria as true renal glucosuria The 82 cases seen
at the Mayo Clime (2c) were culled from a group of nonspeeific gly-
cosuriag In Blotner and Hyde's sertes of inductees (2¢) the 367 cases of
mellituna proved to contain 33 true renal glucosurias, while the pro-

| pr—,
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portion i Wolman’s sertes (2f) was somenhat greater, 52 out of 206 The
Joshn Clmre statisties show 53 out of 18,000 mellturas which folfl
Marble’s criterta (2h) In Stuck’s survey of school children (2)) 11 of the
81 renal gly cosuries showed persistent reduction tests which conld perhaps
be elassificd as true renal gl but, speesfie wentifientsons of the
reductng materials were not made A number of other workers haye re
ported collectrons of cases ranging from four to 80 1o number that appesr
to fulfill the ertena for true renal glucosuma (1, §, b, 2, %) In the senes
of cluldren referred to us with uncharacterized glucosuria not of diabetic
onigin we have encountered one trie renal glucosura (2r) Results of
glucose tolerance tests m a group of such pabients are shown i figure
13-1 and are with but one cxception withm normal nmts

300

»
o
o

BLS mgm %

o —
) 30 &0 50 [t
Munutes
Fro 131 Hesours o Orae Guucese Torenance Tests 1y Novsrearte REsw
GUFCOSURIA

ol

Yisth oecasional exceptions that are probrbly of no smportetce the s‘bxa:g:ri b

tolorance test (175 gm per kg of body weight) yielded Blood sug;:“cyn o i

the range of narmal (mean =1 SD) as established by studies 1 mm‘ oy

(2c) However the highest value recorded st two hours {174 m& ped e elitis
resent & patient who has had renal glycosina and 15 W deyelopg du
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B The Chmcal Sigmficance of True Renal Glucosuria Not @ Pre-
cursor of Diabetes Mellitus

It 13 obvious that the final test of true renal glucosuria as differentiated
from diabetes melhitus 1s the failure of the patient to develop diabetes as
the years go by Fowler (2b) even included i bis entena for true renal
glucosuria the absence of a family history of diabetes, which seems a
premature and at present an unjustified restriction It may well be for
example that this entity does appear with greater frequency among dia~
beties, and 1 adhening to this additional eriterson genuine cases of the
disorder will be excluded This view 1s supported by recalling that Blotner
and Hyde (2e) did find a 32 per cent incidence of a family history of dia-
betes 1n the 33 patients who fulfilled all the requirements for true renal
glucosuria, and that dinbetes mellitus and true renal glucosuria have been
encountered 1n the same patient (see scction C below)

The available expenence indicates that true renal glucosuria may last
a hifetime without the development of drabetes This was true of the caves
cited by Marble 1n Joshn s text (2h) and 1 the 60 patients folloned to date
by Ban«1 (1g) It may also appesr in one or more generations of a famly
Thus Brown and Poleshuch (1a) reported four cases of true renal glu-
cosuria 1n three generations without ulttmate evidence of detersoration
of glucose tolerance Kramich (13} has described an mstance of true renal
glucosuria of the famihal type wiieh appeared during childhood The
largest series 15 that of Hjarne {3b) who found 34 ca<es in 2 kindred of
199 members

C Muscellaneous Conditions wn Whch True Renal Qlucosura May Occur
as @ Manifestation of Acute and Chrome Renal Disease

De Tont and Fancom (4n—c) und others (4d—1) have described a syn
drome 1n children with d by true renal gl
ncressed renal output of amino aclds and phosphate, and decreased serum
levels of morgante phosphorus resulting from a farlure of normal re-
absorptive processes i the renal tubule It may be associated nith a renal
tubular acidosis and slso occurs m adult patients (4e, g, b, L) It can
be hereditary (4)-m) Though uncommon, this entity appears sporadically
on all pediatric services True renal glucosuria may also be observed 1a
renal rickets {4n-q) ch t 1 by azoterma, d d urinary phos-
phate excretion, hy perphesph and hy 1 without an -
ereased urinary output of amno acids These findings may al<o be en-
countered 1n the course of other types of nephritis unassociated with
the abnormalities of bone growth charactersstic of renal nckets Finally,
true renal glucosuria ean oceur 1n the course of an otherwise uncomplicated
pregnancy, during acute tubular damage, te, o lower nephron nephrosis

[,
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(4r), and may coexist with drabetes mellitus (48, t} or with diabetes ad
Dyelonephritis (4u)

The chief mmportance of these mscellaneous renal glucosuras lies
not confusing them with the bemgn type (4v, w)

HI Fructosuria (Levulosuria) and Pentosuria (Xyhulosuria)

In some 1ndividuals an ordinary mtake of fructose results i a fructosuna
(5a-€) This 13 & benign glycosuria which as far as 15 known has poJm
mediate or long-term untoward effects

So called chrome essential pentosura 1s also a bensgn glycosuna char
actertzed by the more or less constant presence of xylulose (2 keto D threo
pentose) (51-h) m the urmne 1n increased amounts (6a-u Ribulose, another
pentose, and xylulose are present i small amounts in normal human and
rat urine, four and one muligrams per hter, respectively (6r) In a sum
mary published i 1943 Derrvaus (1) counted 163 eases of penlosuna iz
the hterature from 1892 up to that time, including the 149 collected by
Dnklewitz, Lasker, e al (6b, ¢, g} Almost all of the reported cases aceur
1n Jews and especially n males, though at least one mstance of # non
Jewish bachground 1s recorded {(6h) It may be hereditary {6z, q), hes
oceurred 1n twins (6¢), and has been found to oceur concomitantly mith
true renal glucosurta (Op), mugrame (8k, 1), and progressive museslss
dystrophy (s, ¢t} Scott and Cohen (Gv) have reported on the ongimt and
metabohsm of ribose The utilization of pentoses in diabetes melltus has
been discussed by Loos (6w ), and the lack of a relationship between froc
tose mntahe and pentocuria has been described by Flynn (6x)

V. Identification of Urinary Sugars and Other Reducing Substances

A Glucose and Fructose

1t 18 now possible 4o use an enzyme, glucose oxidase (supplied as Tes
Tape® by Elt Lilly & Co and as Climstix® by the Ames Co) whieh M{!:
only upon glucose and wineh 1s readily available as impregnated i;:p‘;er
1dentify this sugar (7a, b) The usual procedure therto has been the
mentatson with cahes of yeast (one quarter cahe per two to four aunce:ﬁ o
urtne for several hours at 87°C } which wall remove glucose and {mtbe
completely, but not galactose, lactose, or pentose Particular care Tutsyp o
used to employ a yeast which ferments only glucose {7c) Specé“tmn "
of yeast can also be obtawed which are speerfic for the fermenta

Iactose and other sugars .
gan the fermentation test 18 posthive, carrying out the Bencﬁ;cf&? (zﬁ)a)t
50° to 60°C for 10 mnutes as suggested by Lasker and Endl;[ o e
or at room temperature for several hours (2g), will then o

re-
between glucose and fructose Daly the latter of these gives a yellow P

of
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cpitate This test 18 not specific however for fructose since xylulose and
large amounts of any reducing sugar, even glucose, will do the same How-
ever, if the sugar 1s completely fermented by ordmary baker's yeast,
glucose and fructose can then be differentiated by Selivanoff s reagent
(7d), consisting of 005 gm resoreinol 1n 100 ml dilute 1 2 hydrochlorie
seid or with the test deseribed by Maurmeyer et al (7e)

The formation of osazones of fructose and glucose does not differentrate
these two sugars since they have the same configuration at carbon atoms
3,4, 5, and 6 and therefore have the same appearance and melting points
In unpublished studies we have found that the D K spectrophotometer
can be used to identify the unireated sugars themseh es, since maximal
absorption oceurs at 360 and 390 mp with glucose and fructose, respectively
In our hands ding paper chr hy (one d ) using
butyl alcohol and water, octyl alcohol and water, or butyl and octyl
aleoho) produces no clear separation of these hexoses In phenol and water
bowever R, values of 30 and 50 are obtained for glucose and fructose,
respectively

If the above procedures incicate that the reducing sugar 18 neither glu-
cose nor fructose the tests described mn the next section are then applied

B Galactose, Lactose, and Pentose (Xylulose)

The mucic acid test (2g) specafically establishes the presence of lactose
and galactose and the presence of the galactose can be confirmed by a
posttive Tollen's test (2g 7f) In the latter, equal volumes of urine and
hydrochloric acid (specific gravity of 109) and a small amount of phloro-
glucmol are added together and the mixture boiled Pentose, galactose, and
glucuronic acid all yield a red color (7f)

Three procedures are available for identifying a pentose Bral s reagent
(oreimol 1 5 gm , concentrated hy drochlorte acid 500 ml , and FeCl, 20 to 30
drops (7f, g)) which yields a distinctive yellon color {2g), Wolf<on’s test
{7h) 1n which the urine 15 treated with three per cent H:0: to destroy
1 xylulose before runming the Clinitest or the Benedict s test, and Tauber's
procedure (71) based on bailing the pento<e m 0 5 benzidine solution and
obtaining a cherry red color Glucose, fructose, and galactose produce
yellow-brawn colors

If 1dentification remaws unceriamn after these relatively simple pro-
cedures psazone crystals can be formed by the use of phenylhydrazme
{or sugars other than fructose and methylphenylhy drazine for the fructose
(7)) Save for the stereo 1comers, the crystals formed from the varous
sugars under have a el
which, together with determination of their melting points following pu-~
nfication, makes the 1dentification of the urtnary sugar conclumve (8a~c)
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Summary

On a probability basis the commonest reducing substance found in ugie
13 glucose and the commonest cause of glucosuria is of course diabetes
Galactosuria or Inctosuria of preguancy 1s next m order as a eause of
urine tests positive for reducing substances Glucosuna present without
undue clevation of the blood sugar levels 1s attributable to iadequate
tubular reabsorption of filtered glucose and 15 designated true renal gl
cosurta in this text Usually this 1s not a prodrome of diabetes melhtus,
though the two may occur m the same individual and instances of hered-
itary true renal gl have been ded True renal gh may
be present as a secondary manfestation mn chidren with the DeTon-
Fancon: syndrome 2s well as in patients with other forms of renal discase
It has also been observed during uncomplicated pregnancy. The chief
mportance of fructosunia, pentosuria, and other true and false glycosunss
Lies in an accurate identification and avoidance of confusion with drabefes
mellitus and true renal glucosuria
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CHAPTER 14

Therapy of Diabetes: General Consideratior

One can speak freely only of one s own customs and views on the {|
of diabetes but 1t 1s certmn that all workers m this field whether
they have so stated have as therr goal a long safe, and useful Itfe fc
charges The fact that there are differences of omnion en how th
be attaned of :tself indicates that no ene approach has proved atself.
superior to all others It 1s well to recogmze that on the whole each
regimens in use at present can be made to meet the needs of the m
of a ¢hmie 5 patients This should be viewed as an mdex of the adapt
of biologie orgamsms or of inherent margins of safety and not off
screntific data which establish the merits of a particular system 1% st
words of caution, o presentation of the current views of the author
Ins colleagues concerming the general prinerples of diabetse therap
those of others which concur ot disagree will be undertaken

L The Role of the Hospital m the Regulation of Diabe

It 18 not our custom nor that of most other clies ta hospitahize p:
sumply for the regulation of diabetes Nether the time schedul
physical aetivity, the dietary customs, nor the emotional reactions
cate those outside the hosprtals Admussion should be reserved the
for the 1nstruction of the families and patients, for control of di
durning mojor 1nfections, surgery, or dental extractions, for ther
ketos:s and acrdosts, and finally but not least important, for the reass
of the pattent An optional adpussion, Just as 8 stay at a summer
does much to adjust the diabette to hus regunen, as he shares his |
&nd g expeniences with others who huv ¢ gimetar needs This1s a reas
¢contrast to the atmosphere m a neighborheod, school er office
none or the others have diabetes Finslly, a nontraumatic admssion

at the turmail attendant v
mrmd of h \? dby a
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II Strict, Liberal, and Intermediate Regimens
of Disbetic Regulation

A Regunens Avmed af Complete Control of all Symptoms and Signs
of Diabetes

In some centers the goal m the therapy of diabetes meludes relief
of all symptoms continuation of normal rates of body growth herght
and 1n werght, attamment of actual or virtual aglycosuria e hmta
tion of the 24 hour urnary glucose loss at or within five per cent of
the carbohydrate mtake and erther demonstration of fasting and post
prandial blood sugars within nondabetic levels or himitatton of undue
hypergly cerma to the peniod followng the noon meal (1a } 2a-¢ 33)
Ths degree of control 1s sought by measurement of intake use of mixtures
of long and short acting nsulins (1a-], 3a-c) or multiple daly mjections
of rapid m<uhn (2a-e), and control of phy<eal activily and eversre
(22-¢)

Though achiesement of this degree of regulation 1s the desideratum
all of these worhers admit that this 1s not always possible This 1s reflected
1n the grading syctems applied 1 retrospect mn evaluabing the pos ble
relation of <evenity of diabetes or the degree of control to the meidence of
vascular and other complications (1; A} Thus Wilcon Root and Marble
(1)) suggest the followng standards for excellent control 1) Patient must
never have been m coma 2) Insulin was begun withim a few weebs of the
onset of diabetes 3) Urtne tests for sugar made more than once daly evex
since onset of diabetes with conscientious attempt to have the urine sugar
free or nearly so beforc meals Insulin dosage adjusiments determned by
results of urine tests 4) Dret must have been weighed for at least 80% of
the duration since onset of symptoms of diabetes 5) REQ“]“"’phgf‘“I

£ anf ame gareveent for occasional traces very v o !
at 1deal control

Ticted vegunens
o melhtus (23)

adequate
Tw +hase nraorams 1sulin hypoglycemia 1§ consiaereu 103 cfectam ‘eqm of

¢ nt and enmnlete control of carbon) arate Weldvy das
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B Programs Emph El; of the I date Us .
Effects of Unregulated Diabetes

In other chmes for children and adults 1t 1s felt that complete control
of the type described above s e)thcr unnttumable or involves restrictions
which create 1 and psy g These umts em-
phasize freedom from symptoms, s1gns, and consequences of undue hyper-
glyeemea and glycosuria as the chief aim Normoglycera and aglycosuna
are considered 23 constituting either unnecessary precsion of control or
goals not attamnable wrthout dangerous shocking (43, b, 5a-¢, 6a~¢, 7a—¢)
Dietary restrictions are mimmal, t e, food 13 not weighed nor measured
but estimated from previous experience In support of this practice 1t 13
pointed out that when children are left to therr own devices, following
proper indoctrination and nterdiction of obvious sweets, they select a
dret very much Iike that prescnbed tu other dlabetu‘s {4a, b} Insulm is
then given 1n d with dules jn amounts suffi-
cent to elimunate polyuria and 1ts concomtants and to provide adequate
utilization of calories for growth Urine tests are used for this purpose and
measurements of blood sugar levels are only employ ed for the resolution of
special problems such as, jor example, interpretation of glycosuria which
docs not adequately reflect the degree of glyceria Shocks are avoided
Asymptomatie hyperglycemia and glycosuria are accepted without con-
cern, since 1t 19 felt that so called complete control does not guarantee
eseape from the vascular complications of long-standing diabetes

It should be emphasized that though such regimens have been called
“free,” the term “normal” in the sense that these patients hve in large
measure as do their nondiabetic confreres provides a more accurate
deseniption (7a-¢)

C The Compromise Betueen the Restricted and the Liberal Regqimens

Many practitioners, not convinced of the value of the more ngid entena
of control or unable to apply them effectively, are loathe to provide a
measure of frecdom as large as that p m the liberal
(83, b) These workers attempt to compromise by combining the better
features of both of the so called extremes

1. Current Practice of the Author and His Colleagues. We fall into
this compromice category for a somewhat different reacon Ewvidence 1s
accumulating that the so-called normal diet of the nondiabetic Amenean
18 not optimal It provides too many ealones and too high = proportion
of {at, or of certamn fats in particular, and mn all probability contributes
to a nsing merdence of vascular discase (9a-d) It may well be, therefore,
that ealorie restriction ean offer some measure of protection to the diabetic
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populatton which 13 already especially susceptible to cardiovasculasr
complications

In our chime diets which are first w erghed and ultimately estimated are
preseribed The over all amm 18 to attain as complete control of glycosura
and of fasting and postprandial hy perglycema as possible without man
fest or subelimcal msulin shoek ‘Tius 15 2 reasonable goal in most [uven
diabetics More nigid enitena such as virtual aglycosunia and normogly
cema mevitably result m hyperinsulimsm and are not realistiec This doss
not mean of course that there are no children 1n whom virtually all ew
denees of disturbed earhohydrate metabolism cannot be ehmmnated with
safety They are unfortunately a small minority m contrast to thewr much
larger numbers amongst the patients who develop diabetes m the later
decades One definite feature that clearly scparates the bulk of the adult
diabeties from the juveniles 1s the greater fluctuations 1n the day to day
control 11 the latter Irrespectave of whether thus 1s the result of vanations
mdiet activity emotional status or ather factors it does necesatate a less
fight degree of control m the young diabetie 2f margins of salely whereby
hypoglycemia can be avouded are to be avalable

2 ow Realistic Is the Goal of Complete Regulation? It has al
ready been pointed out that other workers believe that nigid control of
Juventle diabetes can be achieved with safety (1a ) 2a-e 3a—c) How
ever 1t 15 certamnly true that we as physicians are at times unwittingly
decetved 1n at least some of these mstances chiefly because the samp! oz
of blood and of urine during visits represents a mere fraction of the tota!
record of the metabolism of carbohydrate and other foodstuffs Each
oln o has seen vatients who go mto tramnmg for the trip to the dottor

the r test and relax until the next wisit Granting rovevel v

menﬁ One must al<o ask what does extraction of such pay teills guu «
Can one speak with any certamty 1n promising that the ren :}r;l] :;\i:el::
freedom from <evere vascular disease after t% o or more decadels othe e
The proof that there 13 such a reward 1s far from convmcmg“ : s
known elinics the evidence consists of a small rhﬁc-r\?m:et of tc :ne e
statistieal sigmficance between to large groups of pal u('in nsf o Jaton
satisfactory and the other with an un=atisfactory rcéor e e
each afficted with major ascular disease {la-d 1) lc:?]c g and 1
13a b) This pomt 1s discussed in further detail 1n m?aph,  Firest
introduced here only to provide a realistic bamis for & pitte:
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ment based upon adults and chuldren as intricate and variable biologic
units

3 The Hazards of Hypoglycerma A few comments on the dangers
of hypoglyceria are also 1n order It <cems unjustifiable to look upon them
23 the necessary mimnor evils of approaching or attammng perfect control of
the diabetic state Insulin shock can prove catastrophie The published
reports (sce Chapter 16) undoubtedly reflect only a fraction of the total
seidence of fatal or permanently disabling sequelae of hypogly cerma
Itisalsowell to point out as others have done, that st 1s 1n atself productive
of vaccular lesions (sce Chapter 16) and perhaps 1n some mnstances the
correlation between the so called degenerative lesions of diabetes 15 with
the eprcodes of hypogly cemia which occur 1 poorly regulated diabetics
rather than with the hypergly cemia

I The Use of Blood Sugar Levels in the Regulation of
Diabetes Mellitus

The expense and the need for vsits to a laboratory or hospital render
mmpractical the routine regulation of diabetes by serial blood sugar meas-
urements Furthermore the nonduplicability of 24 hour blood sugar curves
on suceessiye day s and the changes mn the blood sugar levels under vary-
ing conditions of diet exercise emotion and msulin (14a, b} indicate
that this may be too scnsitive an index for routine use Symlarly, ne feel
that the measurement of blood sugar levels at 6 to 12 weeh mtervals
during v1aits to the outpatient department represents an insufficient sam-
phng to guide regulation Furthermore 1t necessitates an early ansmg,
deferral of breakfast and prolongs the clme visit We therefore rely
heavily on urine testing for the routine regulation of the drabetic

Blood sugar levels arc extremely useful however for the diagnoss of
diabetes for 1dentification of renal glycosuna and the differentiation of
melliturias In the diabetic 1n turn such measurements are mdispensible
during emergencies created by infections or surgery or during complica-
tions such as acidosis or coma when urine tests cannot reflect the ful]
extent of the disturbance This 1s also true 1n those patients in whom there
15 4 di erepaney between blood sugar levels and unne tests as s resylt of
d hed renal cl of glucoe or inad or lete empty
mg of the urinary bladder (<ec section IV wlnch follows) Blood sugar de-
terminations are also useful in pregnant dinbetres when urine testing ¢y en
after fermentation fails to clanify the degree of glucosunia and 3y dia-
betic patients with epileptiform seizures which must be diferentrated

from hy pogly cerma

Wheneser the elnical cr ment of earbo

hvdrate metabohsm i the drabetic by blood sugar measurements the state
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emmilar discrepancies can oceur 1n the renal clearance of ketone bodies
(16¢)

B Nonrepresentatwe Unne Tests as Result of Incomplete Vouding

The second arcumstance under which blood sugar levels are not re
flected 1n the miensity of glucosuna anses from an meomplete emptying
of the bladder or fatlure to fractionate the unne collection This masks
hypoglycema and aglucosuria interspersed between pertods of hypergly
cemra and ghicosuria Thus measurement of the sugar in an overmght
specimen m4y yield a tvo plus reduction when the blood sugar i the
early mormng hours 1s at normal or hypoglycemie Ievels The heaver
<pill shortly after retirng which mashs this may be eireumvented by
collecting a specimen in the imterval betw een arising and breakfast Us
fortunately, the errors resulting from ncomplete empty ing of the bladder
as a result of a neurogenic leston of congemtal or acquired obstruction
are not so readily ehmunated These are however rather mirequent

Y. Use of Fractronal and Premeal Urme Specimens
mn the Regulation of Juvemile Diabetes

Despite the above limitations urine testing docs preatly facihitate the
regulation of diabetes at home and during hosprtalization for nonemergency
purposes such as mdectrination

In the hospital the total 24 hour urine output ss fractionated begrnmg
1 the morning by pooling all urine collected betsween 8-11, 114 49 96

and 6-8 o clock when meals are served 2t 8 00 am, 11 30 am, and £ 30
- at A 431 dammpn nf nactnrqndial hyper

yre breakfast
tone and dt

acetic actd The fractions are then pooled for determination or the 2% hout
glucose output The small amounts removed for smilyss are
consequential

Outside of the hosprtal urme testing can often be hmited fo befo]x]'e
supper and overmght or before breakfast speeunens emnee the wel

tic the flice to indicate the efficacy of the before
regulated stable diabetic t! ese suffic e the e g 1euls

useful 1n de
of Jong acting

1n or of o mixture of short- and long acung msum > «his cubject 18
i:,ilgn up 1 greater detail 1n section 11 of Chapter 16 In labx]ett;l; ll;;(’:l)
regulated diabeties more frequent testing can be used suppfmcn ) e
ammnations for acetone by means of Acetest ® or Galatest (171: ) sy
and the Clinitest or the newly developed Tes Tape simphfy testing
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from home (17d) On the other hand, stable patients whose tests are
consistent find 1t possible to decrease the testing to several times each
week

To eliminate pruritis and vulvitis female patients are mstructed to bathe
the vulva and permeum with Jukewarm water after each voiding and
gentian violet appheations are preseribed 1f monihiasis develops (18) The
local use of & one per cent hydrocorticone ointment reheves acute m
flammation fungostatic antibiotics may also be applied

Summary

All programs of diabetic therapy n current use have as their goal a
long and useful life {ree of compheations This goal 13 sought under one of
three current philosophies ) a striet regimen of control of dictary intake
and at times of physical activity with sufficient in<ultn to assure normo-
glycemia during the 24 hour persod, b) a so called hiberal, frce, or normal
regimen without specafic dictary preseription but providing enough msulin
to Leep the patient symptom free and to permut adequate growth, and ¢)
an intermediate or compromise regimen 1n which diets are prescribed and
and subsequently estimated with msulin given 1n as large quantities as
possible without produemng hypoglycerma Some worhers believe that
ngid control of diabetes with achievement of normoglycerma protects
the diabetic agamst the vascular complications (retinopathy and me-
phropathy 1n particular) of long-term dsnbetes, though this view 1s con-
troversial

Ve practice the compromise regimen because 1t has been our experience
that the price of normoglycema 1s frequent madvertent hypoglycem:a
which 15 1tsclf dangerous Also though the more rigid regimens may pro-
vide sccunty for some patients they evoke rebellion 1n others We try,
therefore, to achieve 1n our patients as complete control of diabetes as
possible without producing hy poglycemia or imposing restrictions which
unduly complicate the hie of the patient This end 18 sought by teaching the
patient and the family to make the necessary day-to-day adjustments 1n
the regimen on the basis of senial unine teste Blood sugar measurements
are not used routinely but reserved as guideposts i diagnosis and during
complications
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CHAPTER 15
Therapy of Diabetes: Food and Diets

1 Antecedent Iistory

In the pertod just preceding the demonstration that a hypogly cemc
factor could be regularly obtamed from the pancreas and used to control
diabetes (1a-d) 1t beeame cvident that the survival of diabetics could be
prolonged by diet alone provided that the mtake of calortes and of carbo
hydrate was restricted (le ) In the nondiabetic such a diet of course,
further curtrls the disposal of carbohy drate (1g), presumably via all of the
currently recognized pathw ay s of earbohy drate metabolism, 2 e, gly eoly sis,
the hevose monophosphate shunt and gly cogen deposition In the diabetic,
however, such carbohydrate and ealonie restriction permits survival by
virtue of the residual capacity for earbobydrate utihization and the ability
of the organiem to extract energy for metabohe needs from endogenous and
evogenous fat

II Evolution of Current Dielary Practices

A Lberahzation of Carbohydrate Intake and Abandonment of Dextrose-
Fat Ratwos

A number of different dictary regimens were advocated 1n the years fol-
lowing the general availability of insulin Some phy ic1ans still continued
o emphasize carbohydrate restriction within amounts just suffictent to
prevent starvation ketosts (1h 1 2a—e), while others began to iberalize
the mteke (2f-3) Among the various diets permutting o hugher wntake of
carbohydrate practically nll possible quantitative combmations of carbo-
hydrate and fat were employed Thus Joshn {2k) advocated a moderate
earbohydrate and maderate fat intake Sprague et al (21) u<ed a moder-
ate carbohydrate and high fat L Adlerst and Porges (21)
and Rabinowiteh (2)) preseribed hugh earbohy drate and low fat regimens,
and Butler (2m) Limited the carbohydrate but not the fat and protem con-
tent

Subsequent studies have established that within certain limits the ratios
of the carbohydrate, fat, and protein arc not as important as the total
caloric mtake Thus Jackeon and Kenefick (31) have demonstrated that
changing the fatty acid dextrose ratio of the diet without altenng total
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calories has no discermible effect on the fasting blood sugar and the m
sula requirement However, reducmg the carbohydrate content of the det
to levels low enough to result 1n ketosis does decrease the ability to dispose
of carbohydrate (1g-1, 3b, ¢} The foodstuff source of the calories 1 alsy
of importance 1o determming the satiety value of a dhet, since this seems
to depend 1n part upon the protem content (3d) Furthermore, it has been
shown that the depth of postprandial hypoglyceme ' tarl 13 greater after
a high carbohydrate than after a high fat or proten diet (3e)

B Current Diet Prescriptions

At precent those chmes and physitians employing diets i the treat
ment of adult diabetics presertbe a regimen moderately restricted m carbo
hydrate This 1s designed to provide about 1 gm of protem per kilogram
of body weight and erther an equivalent amount of fat, or fat 10 amounts
sufficient to meet, the patient’s caloric needs (4a~f) In juvemle diabetes
the same general pattern 1s followed save that the protein mtake ranges up
{6 3 gm or more per kilogram and the fotal calorte need 1s calculated on
etther a body weight or an age basis (5a-1)

The enforcement of preseribed diets v ares m different climes Some rely
on strict measurements of foodstuffs while others estimate the mtake, em
ploying tables of the preformed carbohydrate content of each stem (54 £)
In others 1t 15 customary to start with measurements and transfer to estt
mates (5h), or start with estimates and shift to an almost free dieb {51
Beaser (5) 1) 1 a survey of 225 physieians treatng adult and Juvenile
diabetics found that one third of them insisted that the pahenfi weigh
the food while the s ted tes based on household mess
ures and evchanges
C The Advent of the American Diabetes Association Duet and the System

of Food Ezchanges

In 1950 the Amerrcan Diabetes Assocation, the American Dictelic
Association, and the Umited States Public Health Service devised & Syst;'s‘
which greatly smphfied the preparation of diabetic diets 6 In "
scheme foods which have the same amounts of earbohydrate, fat or lirm
te1n 1n a serving are arranged 1n groups The carbohydrate, fat, and NC“}; b
content of the baste food 1tems or of substitufes or repIacemeﬁL;ﬁWI s
are termed exch 15 shown m | hold measures 1 fable ik
Iist of such exchanges for milk so that apprapriate amounts oitslzlzzlw i
buttermilh, powdered milk ete , ean be su.bshtlutfi :s i}lo,‘f: Tquagm ,such

111) and are
15 1V) which
shydrate and

includes beets, carrots, peas, 20U tUllips s o ¢ gre
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TABLLC 15 I*
Food values for calculating diabetic duets

Group Amount weght | (Sobe | Protenm Fat Enersy

proms | grams | goms | groms | calores
Milk, whale ¥t 240 12 8 10 170
Vegetable, group A | as desired — - —_ - —
Vegetable group B [ 1§ cup 100 7 2 - 30
Frutt varies — 10 — - 40
Bread exchanges varies -— 15 2 - [
Meat exchanges loz 20 - 7 5 73
Fat exchanges 1tsp 5 - - 5 45

* Tables 15 I through 15 V111 rearranged from 1tem 6 1n references

2 gm of protemn 1n 100 g servings and 13 therefore ineluded 1n the cal-
culations Vegetables high 1n carbohydrate, such as beans, potatoes, and
corn, are considered bread and cercal equivalents (table 15-V) Fruits
have been histed 1n amounts which supply ten grams of carbohydrate (table
15-V1)

Inthe caleul and ofap bed dict the carbohy drate,
{at, and protemn of milk, of B vegetables, and of the fruits to be consumed
1n ong day are subtracted from the dictary prescription The number of
meat (table 15 VII), bread (15-V), and fat (15-VIII) exchanges m the

d carbohydrate, fat, and protein are then obtamned
with the axd of table 15-1 This scheme greatly facilitates the selection of
dietary items and provides an approumately predictable sntake of ealories
and of the chief foodstuffs Asin any diet which 1s restrictive much can be

TABLE 15 11
Mk exchanges
Per serving carbohydrate 12 grams protein 8 grams, fat, 10 grams

o TypeofMi Anprovoate Naght

up(des) roms
Whole tmlk (plam or homogenized) 1 240
Skum mlk* 1 240
Crvaporated milk 1 120
Tawdered whole milk 13 33
Towdered slam mulk (non fat dned milk)* A 35
Buttermilk (from whole milk) 1 210
Buttermulk (from skim milk)* 1 240

* Bunce these forms of milk rontain no fat, two fat exchanges ma) be added to the
diet when they are used
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TABLE 15 11T
Group A tegetables
Neghgible carbohydrate, protein, and calomes 1f one cup
(200 grams) or less 15 used

Asparagus Tggplant Lettuce
Beans, stning, young Greens Mushrooms
Broccoh Becet greens Okra

Brussels sprouts Chard, Swiss Pepper
Cabbage Collard Radish
Cauliflower Dandelion Sauerkraut
Celery Kale Squash, summer
Chicory Mustard Tomatoes
Cucumbers Spinack Watercress

Turmp greens

hehed by a lugh standard of ewsine and the use of condiments er
of sv ceteners such as saccharm In addition to the usual tablets the latter
mAy also be obtamed 1n a convensent Itqud form (Sn ceta®—Squibb)

D The Use of Free, Liberalized, or Normal Diets

1. Their Effectivencss in Controlling the Symptoms of Diabetes
Physicians and chmes recognize that after a period on presenbed diets
some of thewr patients abandon all measurements and estrmations and
merely partake to satiety of most of the foods on the family table 0b
servations indicate that when children arc given adequate amounts of 2n
sulin and left to thetr own devices they select dicts which, while excluding
stems obviously high in carbohydrate, are quite stmilar 1n composition to
those prescribed for many diabeties or eaten voluntarly by nondibetie
children of the same age (7a-¢) These so-called normal diets suffice to

TABLE 15 IV
Group B tegetables

Per serving carbohydrate, approvimately 7 grams but see below,
protein, 2 grams (1 scrving s 34 cup = 100 grams)

Food Carbohydrate Conteat
grams/100 grams
Beets s
Carrots s
QOntons 12
Peas, green (medium} 2
Pumplkin i1
Rutabaga 0
Squash, winter o

Turnip
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TABLE 15 V
Bread and cereal exchanges
Per scrving carbobydrate 15 grams protein 2 grams

Food Arpronimate We bt
roms
Bread 1 shee 25
Discutt roll (21n diameter) 1 35
Muffn (238 diameter) 1 35
Cornbread (13¢ 1n cube) 1 35
Flour 214 thsp 30
Cereal
Cooked 34 cup 100
Dry (fake and puffed) 3, cup 20
Rice and gnts eooked 3§ cup 100
Spaghetts and noodles caoked 35 eup 100
Crackers
Graham (2'4 1n square) 2 20
Oy sterettes 20 (4 cup) 20
Baltines (21 square) 5 20
Sods (2 3¢ m square) 3 20
Round thin (134 10 diameter) 68 20
Vegetables
Beans and peas dried cooked (Lima navy
split pes cowpeas) 1, emp 10
Beans Lima fresh 14 cup 100
Beans bakel no pork iy cup 50
Corn eweet 14 cup 50
Corn popped 1 eup 20
Taramps 33 cup 125
Iotatoes white—bahed or boiled (2 10 dhameter) 1 100
Totatoes white—mashed 14 eup 100
Potatoes sweet or yams g cup [
Sponge cake platn (1 10 < ibe) 1 25
Tee cream (omit 2 Fat Fret anges) 14 eup ]

control all symptoms of diabetes and permiut growth and development 1n
children which appear to be as adequate as that seen with the more precise
preseriptions (7a—c 81-0) However, Uhry et al are concerned about the
possible harmful effeets of the high fat intahe (8m) In addition Forsyth,
Kunnear and Dunlop have pointed out that some of the patients do gam
weight excesgively (8p) and De Rodriguez has observed increased Iner
@ze and edema (8q)

In the minds of eome worhers these regimens are synonymous with en-
tirely free or unrestnicted diets though it 1s doubtful that any of the chnes
have allowed the wide day to day varations i calories and in food<tufls
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TABLE 15 VI
Frust exchanges*
Carbobydrate-10 grams per serving

Tood Approsiaate Leasore

Apple (210 dizmeter) 1
Applesauce 34 cup
Aprncota

Fresh 2 medium

Dried 4 balves
Banana 34 small
Blackberries 1eup
Raspbernes 1 oup
Strawberries 1eup
Cantaloupe (612 diameter) A
Cherries 10 Jarge
Dates 3
Figs fresh 2 large
Figs dned 1 gmall
Grapefrutt 14 amall
Grapefruit juice 1§ cup
Grapes 1
Grape juice 3 eup
oneydew melon (7 10 diameter) %
Mango 34 small
Orange 1 smali
QOrange Juice 3 cup
Papaya ¥ medum
Peach 1 wed um
Pineapple % cup
Pineapple Juce 3 cup
Plums 2 medium
Prunes dned 2 ;nb:d um
Raising ?lar:e
Tangerine
Watermelon 1cup

* Unsweetesed canned fruits may be used 1 the same ‘amount ss listed for the

fresh frit

Iigh 1 carbohydrate which characterize the intake of the no?d;‘ﬂbgf:
child and adult These successful moyes toward Tiberahzations of ¢ edxets
tary regimen of the diabetic have clearly established that ordm:‘t‘éce o
winch provide adequate but not excesstve quantitres of ca!onesthe oy
regulate many diabeties They have also served to shm‘]‘n:nb\lp e eer
zatton that the diabetic 18 primanly a per<on and not & bowm n;amduce .
that strict regtmens may provide security to some patients &
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TABLE 15 VII
Meat exchanges

Per serving protein 7 grams, fat, 5 grams

249

Food Arpronmate Berght
ramt
Meat and poultry, medium fat (beef, lamb pork, hiver,
chicken) lox 20
Cold cuta {43¢ 1 square, 3§ 10 thuck) 1elice 1
Fronkfurter (8 or 9 per b ) 1 5
Fish
Cod, mackerel 10z 30
Balmon tuna erab 14 eup 30
Oysters, shnmp, clams 5 gmall 45
Bardines 3 medium 30
Cheese
Cheddar or Amencan loz 20
Cottage £ cup 45
Egg 1 50
Peanut butter* 2 thsp 20

* Limt use or adjust carbohydrate (deduct § grams carbobydrate per serving

when used 1 excess of one exchange)

TABLE 15 VIIL
Fat czchanges
Fat—35 grams per serning

Food Angrorimate Welght

rrams
Butter or margarine 1tsp L]
Bacou, ensp 1elice 10

ream

Light, 20% 2 thsp 30
Teavy, 407 1tbsp 15
Cresm cheesa 1 tbep 15
French dressing 1 thsp 15
Msyonnsisa 1tsp 5
Ol ar cooking fat 1tsp 5
Nuts 6 small 10
Olives 5 emall 50
Avocado (110 diameter) ¥ 25
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bellion an others, and that factors other than diet, such as emotional fur
moil, have to be added to the Previously recognized determinants of car
bohydrate, protemn and fat utilization, 1 ¢, evercise, 1nfectron, status of
Iver glycogen, et cetera

2. The Degree of Duabetic Control and the Incidence of Vaseulr
Disease, Presumably hberahzation of dsets would by now have had wide
aceeptance Were 1t not for the demonstration that Juvemle and adult da
betics surviving 15 or more 3ears show a Ingh meidence of retinopathy
and nephropathy (9a-m) which may prove disabling and even 1n the ease
of the latter, fatal Lvaluations of their expersences led some workers to
suggest that this pl 15 of preater §, and geventy i the
lesswell controlled patients (9a~1) These elinics have remained advoeates
therefore, of dietary regimens wlich have as therr goal & more ngid con
trol of hyperglycema and glycosuria It has been recognized, honeser,
that even sith this type of strict control such comphications could not be
completely averted Other physieians, meluding the author, feel that these
vascular end results are exther a function of the duration of the diabetes
or that they represent a greater susceptibility wiich 15 mhented with the

~ Lol e o«

~m o e ars mracented 1
H

and ataety and that these are sufficient reasons tor continuing & wedsule
of dictary restriction In addition the author 1s of the behef that the s
called normal diet of Amertcans 18 not necessanly optimal i the fong
term sense We do eat more than we need to meet activity requirements
The studies of Ancel Keys and of others indicate that such excesses of
calorie and of fat intake and perhaps of certain fats 1n particular, show s
high correlation with at least one general group of the degenerative vas
cular diseases t ¢, arterrosclerosts (10a~d) Recognizing that this catey,g!
differs 1 histology, distribution, and onset age from the rctmopath); -
nephropathy of diabetes, 1t may still be possible that the latter t‘tved g
accentuated by an excessive mtake Perbaps they can }ze prevenl %
mimmized by mitations in the diet, or, as the studies of Kinsell et o ; Ife
gest, by substitution of yegetable fat for ammal fat {118-d) T he:a(::m
reroasing height and size of the western population loched upon z} o
Jess mamfestation of the so called optimal diet supp)emen:ed by ;l g e
nimea nf milh may result, as McCance has suggested (LA)', 't 2 e
rouw
d
¢ children and adults diets which ale wedsuies v !
g:)‘;l;z::old units and particularly emphasize the calore and fat conted!
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1T Experience with Diets
1 The Calonc Intake

It 1s our custom to provide diets to satiety, 2 ¢, i the patient complains
of hunger, the intake 18 increased The intake of carbohy drate 13 usually
cqually divided among the three meals with provicion for between meal
after play and before bedtime feedings Indisidual preferences or customs
such as poor appetite at breakfast are taken into aceount i planfing meals
The average calerie intake at vartous ages and mn relationship to body
werght 1s ghown m figures 15 1 and 15 2 These dntn are based on weighed
diets as well as those d 1 terms of housch for perinds
of one to tnelie months The numbers of such persods mn each category
are hsted m the legends to the figures

14 13 to be noted from figures 15 1 and 15 2 that the calonic intake mn
girls was less than m boy s of equi alent age but comparable per hilogram
of body weight In both groups the total calortes rose with ncreasing age
and body size but the intake per kifogram of body weight decreased pro

2400,

tay

1000

0 *

o T T . . (3 ] " 0}

AGE
Fio 151 Aversoe Dany Inrare or Catomes oy Jovestie Diserics 15 ovs Series
Tle males are identified by the sohd and the females by tle imterrupted hnes
Siper an! subscr pt2 wdieate number of observation penods two fo 12 months m
length The male d 1betics required & drges calorie presenption This dufference became
most propounced 1n the 14 to 17 3 ear-ol1 group
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Bovs

45 % CALORIES FROM CHO —
—r=

¥ % CALORIES FROM FAT

35

28 % CALORIES FROM PROTEIN

15

PROTENN INTAXE — g/agm

1 '
10 15 20 25 Jonom:an!(gr 45 50 55 60 65
Fia 15-4 Itk or Prorery avp Pencentace or Prorery Camsomvomire a0 FuT ¥
Crnorev s Hoserras or Prrrssuncr Duseric Dizts Bors
Data are based on 453 diet periods m diabetic boys The find ngs are qu te ©O%
parable to those scen 1 diabetrc gurls as described m the legend to fig 153

weight of 55 kg In figures 15 3 and 15 4 1t may be seen that protein prod
vided about 17 per cent of the calortes throughout this growth peno
while the remarning 83 per cent were obtamed m equal proportions I;ou;
carbohydrate and fat This 1s 1 heepng with the expertence of other
2b

(I\Vg have not used fructose 1n the diets of our diabetic children Haﬁo
mann (132) has reported on studies m fis¢ severe Juvenile dmbehts‘:\;]ts
were maintamed on diets contaming 25 per cent fructose or similar mtm:c .
of suerose or glucose There wasno * that the use of fr;c]t: -
these amounts de- he msuhn Simlarly 1 adul
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beties there appears to be only a hinuted net gain 1n terms of unnary
hexose excretion or of insulin need when fructose 15 mmeluded 1n the diet
(13b) ‘This means of course that the bulk of the admimstered fructose 13
converted to glucose during absorption, or if this does not happen, to hver
glycogen and must ulhimately be handled as glucose following glycogenoly-
a1= smee 1t 13 well established that infusions of fructose, compared to glu-
cose produce less of a risc 1n blood sugar a greater decrease 1n serum 1n-
organic phosphorus, more of an inercase i pyruvate and lactate, and less
glycosuria (13c-f) Furthermore these advantages are all the more pro-
nouneed 1n diabetics (13g) and are to a great extent, though not entirely,
still precent in ketosis The use of fructoce in acidosts and coms 18 daccussed
1n Chapter 20

An adequate diabetie diet should provide a sufficient quantity of vita-
mins 1n the natural form However the interference with intahe and the
mereased unnary volumes which mevitably occur from time-to time 1n
most diabetres justify the regular u<e of a commere1nl polyvitammn prepara
tion

As mdicated earlier, evidence 13 accumulating that the incidence and
mtensity of atherosclerotic changes in populations as a whole are corre
lated not only with total calories but the proportion of fat 1n the diet. It
scems probable therefore, that diabetic diets may al<o have too large an
ntahe of fat It scems reasonable to try in the next decade or twe dictary
preseriptions which are lower tn fat content and perhaps with the souree
of fat, 1e ammal versus vegetable and the type of vegetable fat speaified
in the hope of redueing the madence of nephropathy, retinopathy, and
arteriosclerosis m the diabetic

Summary

In the period just before the advent of mnsulin 1t was clearly demon-
strated that total starvation duning intervals of a week or longer, with
water allowed as destred, decreased the hy pergly cemia and gly cosuna of
diabetes The patient was then titrated for his ability to handle earbohy
drate while on an allowance of 10 gm or more of protem per hg per day
and fat 1n amounts sufficient for energy needs In this approach the em-
Phanis was placed upon operating wathmn the residus! capaaty of the pa-
tient to dispose of carbohydrate and other foodstuffs In many adult
patients this 1s feasible without imposition of starvation regimens The
greater calorie needs of the child for growth and the more complete charac-
ter of juvemle dinbetes (1¢ the lach of m<ulin 18 1n al) probabihity ab-
solute rather than relatne as 1t 18 i some adults) make 1t 1mpossible to
control duabetes by dict alone The avamlability of insulin permits the
prescription of adequate diets The degree of dietary restriction varies
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with the tenets of the particular clime, 1 e, the diet may be specified
detarl and closely follow ed by careful s eighmg of foods, 1t may be virtually
unrestricted, or 1t may represent a compromise between these two ex
tremes It 1s our practice to prescribe diets which are at first weighed and
later estimated In view of the findings 1n nondiabettes the role of total
caloric mtake, and of the proportions and perhaps the type of dietary fat
should be taken into account m devising programs to reduce the predom
nance of vascular disease m diabeties

1 (0)
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TABLE 16 I*
App and prop of vartous tnsulin preparations
Insuln Glob n Tosal o ProtymacZne | Npy Tasuts

Physical form | Solution Solution Suspension— | Suspension—

amorphous | eryatsll ne

Aadity pH30 pHL 36 pH72 pH T2

Zine  content | 0 03 [Ur] 02 003
per 100 units
(mg )

Modifying None 38 mg globmn [ 13 mg prota |0 4mg prota
agent per 100 mine mine
un1ty

Isotonic agent | Glycern Glycenn Glycenn Glycenn + 0

dium chlo
nde

Buffer None None Sodium phos | Sodium phot

phate phate

Preservative Phenolorere | Phenol Phenolorere | 1 eresol

sol sol

Package Cylindrical Cylindreal Cyhindrical Bquare val

vial wial vial

* From Jamieson etal (20)

m table 16 II Analyses reveal that commereial insulin prepared w:thcu:
added zine may but need not have this clement present as an extractive o
the panereas, the addition of zine, as in the manufacture of protamine zine
or globin 1nsulin, understandably 1ncreases this amount The buﬂ‘chchrgg
ployed mfluenees the effect of the added zine on the action of msulmd i
1n Lente msulin prepared with acetate buffer the amount of zine add: 113
greater than that present 1n erystalline msulin made up in aqueous 5oL
ho;. Sites and Mode of Insulim Actron The probable sites at whlch;zld
sulin excris its effects upon earbohydrate wetabolssm have been dlswutry
and 1llustrated 1n Chapter 1 In brief this hormone factlitates t}hcq C}mlc
and phosphorylation of glucose withmn cells The glucose ﬁ&) mhxg\asc
formed 1n this process can then enter the gly colytic cyele 1orq }}:;tc ol
monophosphate <hunt with production of high energy pu:"):n o gl
pyruvic aeid, or be polymerized mto glycogen after conver o o the
cose 1 phosphate Insulin also facilitates the mtcrconverxonid P
Krebs ¢y cle, permitimg the utihzation of o‘(alo'lcctntc! otrmeCmq T
ruvate by condensation with acety] CoA dernsed from fatty a
generation of further amounts of hugh cnergy pha*p);.;trh ¢ been
5. Methods of Insulin Assay. A variety of methods hav
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TABIE 16 I1*
Ztne content of rarsous tnsultn preparations

Iasutin Preparat on Z ne Coptent Fer i Otter Const tuents

morphous mnsulin (00 fo 00t mg [No buffer
sP)
Zincmsulineryatals | 0016 €0 004 mg!| o buffer

(USP)
NEH nsulin 0016 t000s mg | 1) 039 to 055 mg protamine per 100 u
depen ting upon 1%ophane point
| 2 NalIFO, buffer

rotamine zine 1 [ 020 to 0°5 mg|1)10t015mg protamune per100u

suhn (usP) 2) Na,HPO, Luffer

Glolin mmsulin with [ 025 to 03> mg [ 1) 36 to40mg globin per 100 v
nne (LSl 2) Mo buffer

Insultn semi Lente | 02 to 020 mg | bod: 1m acetste Fuffer

Toaulin Lente 02t0025mg “0} im acetate buffer

Insulin ultr1 Lente |02 t0 028 mg | fodsum weetate L uffer

* After Peck etal (29)

estimated on the basis of the last of these that the mnsulm content i the
fasting blood of the rat 1s 10 3 unmit per nullthiter though the alloxanized
hypophy sectomized mouse teehnie detected nene i pooled plasma msulin
activity has been found n the beta globuling and bpoprotem of scrum
(23, 1) It should be kept 1n mind however that 15 minutces after an injec
tion of 1'9* labelled insulin the lughest radioactinity 13 1n the tissues rather
than n the plasma and 1n the hidney and muscles 1n particular (20)

B The Onset, Intensity, and Duration of Action of the Various Insuling
In any drscuscion of the relatine ments of particular forms of nsultn,
of speeial schedules of insulin adnumstration or of the sy nchromzation of
wsulin therapy with the distribution of the diet 1t 19 well to emphasize
first that ansulin 1tself 15 o nonderfully effective agent This tempers un-
duc enthustasm for what 18 new and permmits a more objectis ¢ Jjudgment
of the ments of varables which affeet 1nsulin action Such an attitude
Sscihitates ympartial trials of alternative regimens and of newer versions
of the bormone The chimeal fuatures of the vanous types of msulin hase
been deseribed 1n detail with supporting data by many workers Repre-
sentative findings are cited in summary forn in the seetions which follow
1 Rapld acting Amorphious or Crystalline Insulin (Regdar In
sulins). For practical purposes the onginal amorphous and erystaline
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attempts and those of others to use NPH for the control of diabetes dur
mg the school year were productin e of severe nocturnsl s} ocks remmiseent
of those seen when protammne zine 1nsubin 15 used alane Presumably dur
ng the sumsher the exereise in camp helped control Ppostprandsal gl cemsa
and glycosuria However this hmitation of NPH nsulin ¢an be overcome
by admixture of regular 1nsulin 1n any proportion desired since 1t does
not have an excess of & combining group Ve have used 1t with good effect
alone or with reguiar msubn m a mnonity of our patients but as was
pointed out exrlier ansubin i gencral 1s effective 1 dizbetes

6 Lente Insulins Tie search continues for an ideal insulin te one
that duplicates 1n greater and greater numbers of diabetics the 2ct on of
endogenous msulin 1w nondizbetics The newest of theee the Lente or
slow acting series (10a o) permuts combinations with a speetruma of ac
tions These wnsulins are all prepared with small amounts of zine 1 sn
acetate buffer (10b f) Varying the proportion of the amorpt ous and of the
erystalline forms of Lente insulin alters the onset peak and duraton of
action Lente itself 1s 2 3 7 mixture of the amorphous and the erystall ne
forms of this zine 1nsulin and closely approximates NPH or 2 2 1 nuxtore
of regular and protamme zine m 1ts charactenstics (10e) Increasing the
amorphous fraction accelerates 1ts actton whereas rayung the amouat of
the crystalline form retards 1t (10b) These modifications are currenthy
undergomng clinreal trials under the tentstive designation of semi Lente
and ultra Lente respectively It 1s recommended that the sulm be gnea
14 to % of an hour befare breakfast Stowers and Nabarro beheve 1t ta
control 80 per cent of the adult diabetics but not during mnfections (JDI{‘
Gurhing et al (10g) have used 1t m 45 clildren and have concluded i
athers (10h-;) that there are some nho cannot be mamiamed o Lente
alone This has been our experience as well Te have also found that l!;
some children effective control ean be achieved with a combingion 0
Lente and the short acting insulins In such miviures Lente should pre
dommate to msure preservation of the buffer mechamsm (10L)

The relattve activities of these +arious msulins are shown scl
1 figure 16 1 {10p)

7 Other Insulin Types Though many other
have been prepared and tested 1n commereial and oth:

hematieally

forms and modifieat 079
cr [aboraterses al}

few of these results have been published (10q}
e T Ve Ad by Sul Pellet, per o5 or BS::;
' e
0

ere previously mamtamed on 4V 1o 1buu
e O b ol olfed three adequately 3¢ with

mne zine msuln daily the pellets contr



THERAPY USE OF INSULIN 267

-~
-«
@
>
»
Q
<
=1
-
©

HOUR]S 2 416 8 10612 4 }? 18 20 2 2
BREAKFAST LUNCH DINRER GEDTIME

Fio 16-1 Broon Sucsr Resroners 10 SAorT avp 10 Lonc-Acirna Insons
Regular or erystall ne 1nsubn (——) has a more prompt but less permistent effect
upon the blood sugar curve than that exerted by lente (—-—) globin { ---) or
protam e zinc ( x x) 1msul ns (10p)

only moderate hyperglycernia and glycosuria, and permitted the use of
decreased msulin dosages in the others {10s)

Insubin per 08 1n heratimzed capsules was tried by Miller (10t) with
possible blood sugar decreases If so this mght have been the result of
the production of an msulmase inhibitor of the ty pe postulated by Mirsky
et al (10u) as enzymatie digestion of the insulin molecule occurred In
sulin g en as an acrosol to rablits 1s as effectn ¢ as an inyection (10v)

9 Tnsulin Adjuvants and Substitutes Insuln substitutes effectine
by mouth are announced at intervals The subjeet was reviened m detail
by Lowis in 1949 (11a) and recently Loubatidres has called attention to
h . i -

hypogly coric effect Achels and Hardebeck (11h) 1n mvestigating central
nenvous system effeets produced by a sulfonamide dervative (N <ulfa

o131 N butylurea or BZoo) noted hypoglycemia Franke and Fuchs
(111) tested this compound 1 nondiabetic and diabetie adults and found
a blood sugar decrease which oceurred in two to three hours Imtial
clinieal trials with this agent 1n some 50 patients indicated that diabetic
hypergly cema and gly cosunia could be effectinely controlled without 1n-
<ulin yn mild cascs and the insulin requirement decreased in severe dia~
betes Bertram et al (11)) reported on 82 patients and concurred but
pointed out that the drug was virtuallv neffective 1 Jurenle diabet

1ca The obsersation that the by pogly certe re<ponse eould not be eheited
m pancreatectoruzed or alloxanized ammals and the mmtial mmpression
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of alpha cell damage (11h), not confirmed sinee, follow ing administratr
thiy matersal led to the suggestion that the compound acts by suppress)
alpha cell and probably glucagon activity This however scems unlt
Instances where the hypoglycemic effect has not been eheited have
attributed to o total lack of pancreatic mnsulin Bertram ef al (114
others abroad and in this country have since reported on the resul
further studies with BZ-55, (Carbutamsd ), with N--methy) ber
sulfonyl-Ni-butylurea (Ormase®), and related compounds (11l-w)
Lecpimg with the early impression these agents are most effective 1z «
patients with diabetes of reeent onset eharactertzed by a low insubr
quirement and largely or entirely meffective in juvemle diabetes, aexc
or coma, mnf y and t i patrents Withdrawal of
msuln substitute 15 usually followed in several days or weeks by a
currence of drabetic sy mptoms or & nise in the msulin requirement

Possible sites of action suggested up to the present i additton fo
alpha cell suppression hy pothests include decreased absorption of cal
hydrate from the gastrontestinal tract (I1o), decreased gluconeogen
(111), increased hepatic glycogenation (11r), diminished glucose 6 p!
phatase activity {11p), mereased production of msulim {11q w), mhibr
of nsulin destruction 11a the insulinase-anti-msuhnase system {11
and suppression of cytochrome ovidase actiity n vitro and m the k
(11v)

A 52 per cent 1neidence of side effects or tovie reactions has been
ported by the American distributors m 6,850 cases treated mith <
butamid® “Jeuhopema (52 cases) and anemia (6 cases), shin rashes
various types, including purpura and dermatitis exfoliativa (91 cases)!
the vascular system (16 czses) and intershitral myocarditts (1 case)
addition, drug fever and a syndrome which 53 comprised of malae ¢
lethargy, frequently accompanied by nausea and vomiting have bcen{
ported There have been four additional fatalities reported m which
drug may have been imphcated, although this 1s not entirely L'stabhsht:
and about one per cent 1 4000 cases treated in Germany with Onm\‘
“mid mn nature, urticaria, sensattons of gastme fullness, and muld
tolerance to the ingestion of ajcohol * It 15 not possible at this mtm};.;
preduct, the ultimate role of ths class of nsulin substitutes, but ;:
studies have surely opened nes vistas m the understanding of duabe

he possibility of more effective therapy
nn’(li‘htee. b ty o¥ tal dinbetes has also been shown fo be

£« T TH end (o and the Upjohn Company
' ontinued _reaction rate
han 10000 Amenican d 3be
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duced by sahcylates and by agents derived from plants (11v-z) It ean-
not be assumed, however, that any agent or procedure which results i
hypoglycemis 15 an snsulin substitute This can be illustrated most cleasly
by indicating that severe Inv er damage or hepatectomy al<o results n hy-
pogly cemia

I Initial Administration of Insulin to Newly-Discovered
Diabetica* Antecedent Ilistory and Procedure

Customs vary in regard to the particular msulin, the dosage, and the
schedules used 10 patients wath nes ly-diceovered diabetes not 1n acsdosis or
coma

A Antecedent History

Prior to 1937 multiple 1njectrons of regular insulin, up to four per day,
were used practically unis ersally m the therapy of jusemle diabetes (12a)
From 1937 until the present the longer-acting protamine zine or globm
sulin has been used often 1n combination with the rapid acting forms
{8g 12a~¢) However, multiple injections of regular are st1ll employed in
come clmes (8g 12d e} In 1948 and n 1952, respectinely, the first trials
of the usefulness of NPH and Lente in<uhin in juvemle diabetes w ere under-
taken (9b, 10g)
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B Procedure

1. Past Experience with Regard to Insulin Need In startiog a chid
on nsulin 1t 15 our custom to use the erystalline type first 1 fractions of
the amount which experience has shown approximates the need 1a the ma
Jority of the children 1n the patient’s age group Thus 1t 15 evident from
our data (figures 16 2 and 16 3 (12{)) and the reports of others (13a<t)
that as the child mnereases 1 age and m body weight the mstlin requirement
nises In the group between 4 and 8 1t averages 20 to 30 umts nses to 30t
40 units 1 the 8- to 12 year olds, approximates 40 to 60 umts an the 12
to 16 ycar olds However, the seatter 15 extensive In terms of body weight
the mean 1nsulin dosage 1s one umt per hg (figure 16 3), but agan the
diuidual vanations are great (figure 16 4) 1t 13 to be noted that the age of
onset has no detectable influence upon the requirements 1n any particular
age group, a finding previously noted by White (13+), and that there are
no sex differences apparent 1 our series in contrast to the shghtly greater
requirement 1n boys reported by Jachson et al (13b, ¢}

701 d
0]

504
INSULIN

Yoy a0,

304

B
20 25 20 35 40 a5
%® N BOOY WEIGHT (KGM) ,
[/
30, 2y 6 29, 1 X
MY % Y % % b T 7 fnmmzs
Fig 163 Avemsqe Duvy Dosaces or Inspurv 1 Jovenie Disvenic
Booy WeanTs et on T
Ratios histed honzontally enumerate the pumbers of pexmdsL ofot; bsf;d gt
steady mse at an approumate 1 rate 1¢ 1 umt per dfas wuoi O tenant
ap &1 erage and 13 somewhat musleading since the range of vania



THERAPY USE OF INSULIN 271
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It 19 obvious that tle mean curve of msuln requirements n males thown 1
figure 103 an ! duplicated s a dottedd line 1 the abose figure 19 based vpon & wide
seattenng of dosages

2 Criteria for Prescribing Insulin Dosages, The first doeage of erys-
talline 1neuhlin 1s approuimately a quarter or a third of the presumed need
and 18 g en m the mornmg before the first meal of the presenbed diet The
remainder 13 gaven before the mid day and eveming meals, provided that
abrupt decreases in glycosuria have not appeared If they do oceur, the
dosage tareduced On the other hiand of glycosuna snereases or 3f acetonunn
appuars the orimnal estimates are rused and a before bedtime ingeetion
may aléo be grven If ths trial reduces the urine sugar output without pro-
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ducing aglycosuria the patient 1s shifted to a mixture of protamine and
crystalline, or NPH, or Lente alone or with crystalline on the nevt morn
g The quantity to be given 1s consers atively estimated as 80 per cent of
the preceding day's dosage so that hypogly cemia may be avorded The pro
portions of the rapid acting insulin to longer-acting msulim m the mixtures
1s approximately two to one, but agam this 15 a variable matter, given m
one syringe without intimate admixture If the unmne tests pant to a gross
msufficiency of msuhn, additional amounts of regular msulm are given
before one or both of the r two meals In sut days theunne
tests are used as a gwide 1n wnting the msulin orders wath particular em
phasis on the before supper test as an index of the adequacy of the day
time control and on the overmght and before breahfast results m est
matmg nocturnal glycemia Blood sugar levels are measured at ntervals
and especially before breakfast as a check on the vahdity of the urme
tests, but no attempt 1s made to obtam serial values throughout the dsy

If the newly discovered diabette has ketosis or acidosis, then the regimen
outhned i Chapter 20 1s followed since 1 such patients the need for
sulin 18 1n excess of the ordinary day-to day dosage

IH. Does the Diabetic Chuld Ilave Te Continue
on Insulin Indefinitely?

A The Ranty of “Reversible Dwabetes” 1n Childhood

Instances of so called res ersible diabetes are exceedingly rare 1o nfants
and 1 children (14a—f), and uncommon 1 adults (14g—3) Seven cases from
the hiterature m which mitially some or all of the eniteria for the dxagno;ls
of diabetes mellitus were present in nfants are histed 1 table 16 TIT l']T :
blood sugar was elevated 1 at least three (14b, ¢, €), and mn two of e:d
regulation with sulin was undertahen (14b, ¢) Ultmately the Slgmmaent
symptoms disappeared m all, and 1n those recetving msulin the requ(xire e
ether decreased to zero or hypoglycemic shock appeared Inone :;n Pe:a .
bly in two of these mnfants (14b, ¢} the disturbance of carbohydra :t:;danl
olsm appeared 1n conjunction with an acute infection with 8 e
starvation ‘This 15 also true, of course, 1n any series of permalnezvemle
betics The subsequent course, however, was not that of us:ane,cesw)’
dishetes, 12 contued therapy with diet and msulin was m;) e
It 13 therefore possible that these rare instances of reversl| aen it
represent starvation, acute cerebral disease reversible acutedpm e
or similar entities However, 1 view of the lack of sufficient dal s
patients and the limited expertence, 1t 1s best to set aside thgs; “;].r -
into a special category of unclassified dxs(,urbsmce]s of N}rt:er}term aaly
tabolism and not call them ¢ reversible diabetics Ths laf
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TABIT 16 111

Transsent or reccrable “drabeles™ 1n snfaney

Authors Rel gt of Fatend Manifestation Coune
Ttarasey Ha {4 wk 3d 1 Polyuns bunger glycows | Normal telerance at
| na 57 mo
Tawrence, 15b, 15d | Blue black spots glyco ] Insuln not needed
MeCance suria bloed sugar €00 psd
mg S5, mauhn B 1 u
ai
Strandaviet He 1 mo Purulent gangrene shoul | No further insulin
der glycosuna, blood | D 2wk
sugar 400 mg %, K 2
w nsulin
Behwartzman | 14d | < 1yr { Transient diabetes in Recovery T 3 'mos
cted caseanumber 7 sud 7 6 wk
and 12
Atey He| 15d | Glycosuna, hyperglyc | Jnsulin stopped at
hesdan M| 4whe emsa, wsulin B 2ge 2 mo
Dlood sugar 275 mgm G, f}os”‘“’ Hhrp oo
mgm G at 10
mpaired glucose toler s
ance and 1n5ulin response|

tends to raise unjustifiable hope 1n famulies This 13 exsdent from the pau-
ity of such cases 1n the mterval sinee the firet report 1n 1929 there have
been approximately three generations of juvemle diabeties totalling one-
half to one miltion cluldren {sce Chapter 7) or less than one reported 1n-
stance of this unclasufied earbohy drate dicorder per 100,000 true juvemte
dabetics
1: may be that some of the elldren sith these transient disorders of
hydrate disposal wall ul 1y develop permanent diabetes In such
instances 1t could be that an wherently hmited eapacity of the pancreatic
1slets to produce msulin w a8 overn helmed by or during the 1lincss but that
carbohydrate and 1nsulin therapy permitted regeneration of the beta cells
akin to that demonstrable in the cxpenimental forms of the disease (sce
Chapters 2 through 6)

IV. Insulin Hypoglycemia
Insulin shocking occurs more often 1n children than m adults because
Juvenile duabetes 1s less stable and factors such as phy sical activity, emo-
tianal dasturbanecs, anset and resaluton of tofections pluy o more proms
nent role thin m the adult Because of the fluctuations n the diabetic
state msulin hy pogly ccmia oceurs more often 1 ehildren on regulatory
programs whick hay e normogly cemnta and aglycosuns as their gos!
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TABLE 16 1Iv

Sumslarvizes which result in confuston 1n #he clintcal and laboratary sdentsjication of
snsultn shock and diabetrc keto acrdosts

Tasulm Shock or Hypoglycemia

D abetic KetosisAcidos s

=

=]

e

o

-

4]

=

Coma may or may not be present

Sudden onset 1n previously well dia
betie, but does occurin poorly regu
lated and especially 1n so called
brittle diabetics

Usually not ushered tn by infection,
omission of food intake or increased
physteal activity may be antece-
dents, can be a blunder or deliber
ately 1nduced s 1 an emotional
disturbance

Intercurrent infection or emotional
upset with gastromntestinal symp
toms may interfere with food 1n-
take

Oceurs most often before meals

Aglycosuna or mld glycosura and
Ketonuria, but guard agamst con
fuston with urine formed earlier

Blood sugar low 1f measured
promptly, but hypoglycemic saymp
toms may follow relative rather
than absolute decrease

Serum total CO,; content 1s normal,
1 e, higher than 20 mLq per biter,
pH 18 normal

Respirations normal or shallow

Tachyeardis, sweating with rapid
acting wsulm but not with the
longer acting types, face pale, may
convulse

Responds to glucose therapy but thiy
may be slow especially 1o severe
shock of ty pe seen with long acting
wnsulin

Tnsulin dosage to be adjusted down
ward

A Coma may or may nat be present

B Less rapid onset, often 1 & poorly
regulated diabetic, but can oceur
suddenly 1n a previously well
controlled diabetic

C Antecedent histary of respiratory of
other infection, onset of menses,
emottonal upset with or without
ncreased food intake, or of meulin
shock with loss of carbobydrste
tolerance, omasion of 1msulin

D Anorexa, nauses, vomiting and 8b
dominal pain are present 10 50-75%
of the patients

May appear at any time

Profuse glycosuria and ketonuns
but guard agamst confusion with
urine formed earher

G Blood sugar almost invanably €le

vated, but acidosis may rarefy o¢

cur 1n virtusl normoglycemia

=

Serum total CO: content 13 less thsn
15mEq per hter, pil 19 normal st
first and reduced later

I Respirations normal or shallow until

hyperpnes, air hunger, and huss
maul overbreathing set 18

J  Tachyeardis usually present sad 8¢

times sweating as well, fsce red

lips dry, o convulsions

o

No prompt response to glucose but

X
neither 13 patient made worse

1)

L Insulin 1s needed in large amounts
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ot

A The Recogmtion of Insulin Shoch and 1ts Differentiation From D
betic Coma

Any symptom appeaning mn s diabetic child who 1s agly cosuric on wsuln
s ould suggest hy poglycemsa In children mamtamed on rapid acting m
sulin the shochs are of sudden onset and ucually oceur dunng the day
They are accompanied by chinseal evidences of epinephrine diccharge such
as apprehension sweating tremors and tachycardia in addition to the
mental confusion and uncon<erousness whreh may develop Withth e longer
acting ainsuling hy pogly cenua tends to occur more often dunng the mght
and 14 usuglly unaccompanied by autonome discharge (10h 153} Un
conscioueness and convulerons may be the firet manifestations The patient
and the famuly may be entirely unaware that shoching has occurred
1 ough mrlaice or headaches on art ing st ould scnc as a clie

The ¢l 1ef char: 1ca for the 4 of msulin shock
and dral ctic coma are histed 1n table 16 I¥ Usually these two complica
tions are not confused 1f an adequate history can be obtaned In its ab
senee the ply<ical findings and s representatie urine analy«is permit
ready sdentification When tn doubt glucose by mouth or by vein ehould
begiven emncet wall alleviate by pogly cemea and w1l not aggravate acido
s19 or coma It should be hept 1n mind honever that in severe msuhn
shoch recovery of conserousness ma) not be prompt even after blood sugar
levels have been rarced Ths should not be #t cd as evadence aganst a loss
of consciousness as a result of hyj ogly comia Finally on oecasion diabetics
will develop illnesses unrelated to their diabetes such as epilepsy (15b)
hyperventilation syrdrome (15¢) cneephalitis memngmtia  barbsturate
intoxteation or cerebral throm! oss or hemorshage These must be hept
1n mind s alternatives to meulm shoch and drabetie aeidosis i the pro
duction of unconsciousness in the diabetic

B The Oceursence of Spontancous Hypoglycemain Nondwabetic Children
and dults

Blood sugars of 50 milligrams per cent or loner during emisodes sug
ge tive of Dypormeulim m or following prolonged fasting (15d h) es
tallish tl e presence of spontaneous typoglycemia Results of glucose or
of 1n ulin tolerance fests are usunlly Lut not imarmably confirmatory Tle
1y pogly cemia may have an endoerine Laws (bs penneulinism secondary to
tumor of pinereatic beta eclle or ne diol lastoma prturtary 1n affeiency
asan Rheel an ¢ sy Irome or “m mon ls disease adrenogenital gy ndrome
Lypen revorortues 25w Addison » disease or fellovang widd drawad of
#erord therapy or the rarc entity of mnculinoma with either parathyror
oF Datuitary adenoma or botht be hepatie 1n attga (Len Grerles gh
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cogen storage disease, acute yellow atrophy and stmilar forms of toue
hepatitis), occur secondary to central nervous system disease (lesions of
the hypothalamus or brain stem), or represent an excessive sensitivity or
response to pr bly normal ts of end sultn {xdiopathie
aor functional hypoglycema).

The climeal mamfestations resemble those of hypoglycema secondary
to overinsulimzation as described 1n table 16-IV Carbohydrate feedings
bring dramatic relief, and the cleetroencephalogram reverts to normal
(181, j) The chmnation of endocrinopathy wmvolving the pituitary or
adrenal cortex and of hepatic or ecntral nervous system disease as a cause
for the hypogly cemia reduces the differential diagnosis to tumor of the ket
cells or functional hypoglycema Surgical exploration and removal of
adenomata or subtotal pancreatectomy may provide a defimitive answer
(15h) Allokan therapy 1s usually unsuccessful m the msulnoma but does
work m functional hypogtycemia (15k, 1) Cortisone or ACTH way eon
trol the hypoglycema of either orsgin but 1s particularly useful m the
treatment of the latter type 1n infants and young children (15¢, m) High
fat diets are only sporadically successful Fructose should be tried, parlie
ularly 1n the in-between meal feedings since 1t does not produce a hypogly
cemze ta1l

C The Dangers of Hypoglycema

Though recovery from msulin shoch 1 usually prompt, the occusrence of
hypoglycemia 15 not to be taken lightly There are & number of reports
of hemipl epilepsy, 1 disturbances, intellectual ¢
and death attributable to msulin shoch 1n diabeties of all ages (183 2 17!{
b), mcluding Juveniles (16¢, ¢, k, 0, p-r, u-x, z) Hence n the treatment of
the diabetic child the presersptian of mnsulin and of the food 1ntake, 18
cluding n-between meal feedings, must be fleuble enough to allow for the
effects of exercise and mactivity, mfection and recovery, and a1y other
factors which alter msulin requirements

V. The “Brittle Diabetic”

This designation serves to 1dentify diabetics whose course vacxl‘;a::s
unpredictably between undue hyperglycemta-glycosuna-ketonuna a:uﬂ”y
sohn shotk At 4imes W hos been questioned that such pattents a¢
to evoke the state-

th troversy has been sufficiently intense
exist and the controversy y e e whot "

ment that there are no brittle diabetzes, just brt
+ tnda vocomhles that of the punitive parent .
) rn

0
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glycenus, hyperglycema, ete On wuch regimens the Gver becomes de-
glycogenated and kefotis supervenes Therapy consists of avoidance of
msuhn shocking and purswt of & dietary regmen which reglycogenates
the hver, 1¢ adequate sarbohydrate mtake with provison for between-
mea) feedings Obviously ths type of buttle dubetes 18 more aph to be
d when s goal of control of all maniestations of dis-

betes 1 get up for patients v hose status fuctuates from day 1o day

Unzecogmzed ovennaukmzation msy also be present m patients who
donat have such brittle charactenstics These are detected anly when the
msulm dosage s reduced without evidenes of lessening of drahetse control
It 13 wise, therefore, Ri apterials to try s zeduction 12 the darly sulm
dosage to :dentify patients who are unnecessanly clowe to overt hypo-
glyeerma

Finally, there are some patients who has e hiver disease sach as arrhosis
or hemoehromatosis which may wnterfere nith adequate glycogen storage
and refease Even m these a more flexible regimen will viten serve to
clumnste brittle charactersetics

VI The Extremely Young Juvenile Dhsbetic

The general prineiples of therapy {unne testseg diet preseniplion, and
msthn admimisiration) dscutsed me this and the precedimg two chaptors
sre expually appliesble to the ifant or young ehld whe dev elops diabetes A
groun of gach patients, therr ages of onsct presenting symptoms, and ther-
apy upon dsecharge following the first hosmtalization ate presented 1o
tables 16-¥ and 16 VI The youngest ca<e on revord 15 a male wfant re-
ported by Guest in whom disbetes w 53 diagnosed on the mnth day of hie
{181.1)

Y&. Insutin Therapy mn Ihabetics Undergomg A &
Surgery, or Other Procedures Requiring
a *Fasting” State

Wheneser carcumstances periot, patients who are {0 be suljected to
anaesthesio. and 1o surgieal procedures should be iransferred to ramd-
zeling wsubm This wil] aliow prompt readpistrents 1 docage i meeting
any exigencies which may ange and avoud shoek from excesarve action of
fong acting meuln during peniods of madequate carbohydrate mtske

Agw th sy other surgacal patient, such diabeties must be fasting ansofar
83 oral mntahe 15 conctrped i the hazards of romiting and aspiration sre
tobe avorded The thsbetic should recen e snsuhn, howeser, and a0 nfuson
of gucose 1 water prior to snaesthesmia 5nd surgers The insubn mught
equal two-thirds of the pattent’s ueynl dosage grven ope-half hour before
the glucose, 1 terms of quantity the Iatter can approtamate the obvious
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cogen storage disease, acute yellow atrophy and similar forms of toue
hepatitis), occur secondary to central nervous system disease {lesions of
the hypothalamus or brain stem), or represent an excessive sensiivaty or
response to pr bly normal of end 1nsulin (tdsopathic
or funetional hypoglyceria)

The clinical manfestations resemble those of hypoglycem:a secondsry
to overinsulimzation as deseribed 1n table 16 IV Carbohydrate feedings
bring dramatic relief, and the electroencephalogram reverts to normsl
(161, )) The elmunation of endocrinopathy mvolvmg the pitutary or
adrenal cortex and of hepatic or central nervous system disease as a cause
for the hypoglycemia reduces the differential diagnos:s to tumor of the et
cells or functional hypoglycemia Surgical exploration and removal of
adenomata or subtotal panereatectomy may provide a defimtive ansner
(15h) Allovan therapy 1s usually unsuccessful 1n the msulinoma but does
work 1n functional hypoglyeemia (15k, 1} Cortisone or ACTH may con
trol the hypoglycemia of either origm but 15 partieularly useful m the
treatment of the latter type mn mfants and young ehildren (15¢, m) Hih
fat diets are only sporadically successful Fructose should be tried partis
ularly 1n the m-between meal feedings smce 1t does not produce a hypogly
cemic tail

C The Dangers of Hypoglycema

Though recovery from insulin shock 1s usually prompt, the occurrence of
hypoglycerma 1s not to be taken hghtly There are a number of reports
of hemiplegia, epilepsy, emotional disturbances, mtellectual Qeterioratiop
and death attributable to isulin shock 1n daabetacs of allf ages (16a-2, 17’{
b), mcluding juveniles (16¢, e, k, o, p-r, u-x, z} Hence m the treatment 0
the diabetic child the preseription of insubin and of the food intake ;@
cluding 1n between meal feedings, must be flewtble enough to allow for the
effects of exercise and mactivity, infection and recovery, and any othef
factors which alter insulin requirements

V. The “Brittle Diabetic”

This designation serves to identify diabetics wh
+ nmredietablv between undue hyperglycemia glycosuria ketonurs

ose course vatillates
5 and 10
+ alle

1 R 1
ment that there are no bnttle diabeties, just brttle pny;
titude resembles that of the punitive parent

The commonest cause of brittle diabetes 15 unrec
gly cemua which 15 followed by a hyperglycemic phase
Jends to further Increases 1n insulin dosage with recu

’
SiLdans §

ogmzed 1nsulin hype-
(18a-¢) Thism turn
rrence of hypo
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glycemma, hyperglysemia ete On such regimens the hver becomes de
glyeogenated and ketosis supervenes Therapy conssts of avoidanee of
wsubn shocking and purswt of a dietary regrmen which reglycogenates
the Iiner e adeguate carbehydrate sutabe wath provision for betneca~
mes} fecdings. Qbviously this ype of brittle dunbetes 15 more apt to be
epcountered when a goal of complete eontro} of all manyfestations of dia
betes 18 <ot up for patients whose statug fluctuates from day to day

Unrecogmzed orennsehmazation maey aico be present i patients who
do not have such brittle charactersstics These are detected only when the
waubin dosage 15 reduced without evidence of lessening of diabetic control
It 29 wase therefore ay mtervals 1o iry a reduction m the dary wsubm
dosage to wlenbfy patients who are unneeeseanly close to overt hypo-
glyeemia

Finally there are some patrents nho have hver dseace such as eirrbosis
or hemaochromatous whieh may interfere wath adequate gly cogen storage
nd release Even m thest n mere fexible remimen will often serve to
<hmiate brttle charaeteristies

¥I The Exiremely Toung Juvemsle Disbetic

The general principles of therapy unne testing diet presenption and
snsubn admnsstrabion) discussed 30 this and the preceding two chaplers
are equally appheable to theinfant or y oung child who develops disbetes A
group of such patients thetr ages of oncet procenting symptoms and ther
apy upon discharge following the first hospitatization are presented m
tables 16 ¥ nnd 16 V1 The youngtst cace on secord 18 & male miant re
ported by Guest 1 shom ditbetes was diagnosed on the ninth day of life
{18f k)

VH Inesubn Therapy an Diat Und A 3}
Surgery, ov Other Procedures Requiring
a “Fasting” State

Whenever arcumstances permt patients who are to be sabjected to
arnesthesia and to surges) procedures should be transfetred to rapid
aching msubin This wall allow prompt readjustments in dosage 1n meeting
any exsgencses which may arse and avord shock from exenssive action of
long acting insuli dunng pernrods of madequate catbohy drate mtake

Aswith soy other surgieal patient such diabetics st be fasting msofar
5 oral wdake 3a concerned 3 8 @ hazards of yvomibing and aspiration are
tobeavorded The diabetre &l ould receive snsabin hosever, and an wfumon
ot glucose 1n water prior to anacsthesia and surgery The msubn mught
equal two thirds of the patient s usur! dosage given one half houe before
the glucoss, n terms of quantity the Iatter can approxtmate the obvieus
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TABLE 16 V
Onsel symptorus and therapy of diabetes 1 snfants and
chaldren 9 mos up o £ years of age

Body Diet at Discharge
Patsent | Sex | Age Onset Symptoms LI Tasgln gt
R Discharge*
e [Catores| € [ » | 3
” r
LM {T | 9 Admitted 1n coma 77 General P4R2am
Ripm
D D |F {10 Irntabihity, mnoc 91| 80| 85 65| 25(P2RA
tuna, polyuna,
drowsiness
L C [M|11]Vomiting, over | 81)1030 [100| 45{ %0 | P5R4
breathing, weak
ness
T C [F |11 | Polyuna, polydyp | 86 |1160 {150 | 40| 45 |R10sm Rt
s1a pm
L L [M[11]Polyuna, polydyp 108 | 1210 [125| 40| 35| P
a3
S A |F |12 Weightloss,rashon | 98 [ 1154|100 ] 58| 58 |L9
buttocks, 1rmta
bility, polyuna
J D |F [12|Polyuna, polydyp | 144 1275|120} 73] 55| P203 R-
s 03
R H |M |12 { Polydypsia, polyu 063 | 63| 51{ 61| RS R4R
s, ntability tid
L W {F |15]|Weght loss, 1ruta | 86 1170 [125] 46| 45 | R10am R
bility, polydyp pm
sin, diarrhea, noc
tuna, polyphagia
M F {F | 14| Vonuting, neakness | 11 2 {1514 | 153 | 68| 70| L4
JL |{FH R20
R W |F |15 | Irntabihty, polyu | 861055 [ 95| 55f 45 R1NPHS
1a, polydypsia
T C [M|15 10 925[105| 40| 35| P2 .
€I |F |15) Beakness, polyu | 1041200 [172] 33| 50 RFam R
na, polydypsia, pm
constipation
L O |F |16 | Polyphaga, 1mta | 96 (1252 /118 ] 60 6 [P2RT7
bility, polyuna,
polydygsta . o
J P |M|18 \Ve)g?nt loss, poly | 115 ] 1370|130 | 55| 0| PR
dypsia, polyura,
olyphagia .
R R{M[I9 Po‘;yuy:a, polydyp (125 (1330 220 | 55 70 (RS
sia, arntability,
weight loss, noc
tuna, polyphagia I B
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TABLE 16 V (Continued)

2719

Body D et ot Discharge
PateorSex{Aze|  Onsetsymptoms | MY Sueginat
charge |Calo o3| C P F

-] mo

T S [N\[[20 Listless polypha | 1201502 [ 151 | 67 0 [ NPHS R4
o polyuria
polydypsia

A B {M|20]Polyphaga polyu | 96)1310|100| 70| "0 | P2R3
na  polydypua
weight loss

D C | M| 20| Polydypsia vomit 1252 | 118 60 ) 60 | NPH15R 1
ng polyuna
polyphaga

VG |F |20 ‘one 132{1130 ;130 ] 40| 50| P4R3

D L |F [20| Rashonlegs poly |11 1| 1100 (110[ 30{ 60| PSR 17
una polydypsia

J E |F |21 |Weghtloss polyu {11 6| 874 80| 50 26 | R15 am &
na pelydypsia pm

T H JM |21 ] Polyuna armtabal [12211200)140| 45 50! P2R 2
ity polydypsia
weight loss Irn1
tation

JJ [F {21] Polydypsis drowsy | 109 |1000 [120| 40( 50 [R2 am &
weight loss poly pm
una

T M | M| 2! | Diarrhea polydyp |10 2| 1502151 67| 70 | P3RS
s1a vomiting

M H |F | 22| Irntability poly: | 1212|1200 ] 660 | 180 [ 450 | P2 R 2
na polydyps a

B S |F 23| Noctuna polypha {150 | 735| 60| 45| 35| PIORS
ga polydyps a

M O |F (23 Polydypsa noctu [145{13s5 10| 60 55
ria

*P

R L NPH and G refer to protamine z nc regular lente NPH and globin
nsulin respectively the sequence identifies schedule af 1njections Multiple tnjec
tions bave since been ehiminated 1n our series

carbohydrate 1n the patients usual breakfast given as a 10 per cent
solution m water 1f trme permits or 1n more concentrated form if neces

sary Invert <ugar will mmmize renal spillage At the end of the surgieal
procedure or durmng 1t 1f 1t 13 unduly prolonged the patient should receive
the remaimnder of his msulin or a portion thereof, and the mfusion of
carbohy drate should be repeated With many procedures as with dental
extractions or circumeisions the patient 15 usually able to resume oral
intake by several hours The preseription of additional dosages of msulin



TABLE 16 V1
Onset symploms and therapy of diabetes wn ehsldren 1n the 8rd year of hfe

Patient | Sex | Age Onset Symptoms :E:‘ﬁ“ - Diet ut Ducharge Tnsglio st
Barse Cyones] € B [ F |
o
B B | M| 24| Polyuns, polydypsia, R6am RS
polyphagia pm

L M | M| 25| Rash on legs, polyu
na, polydypsia

L C | F |25 Polyuns, polydypsia, [ 13 4 | 1500 | 175 { 65 |70 | P15R M
pelyphagia
T L | M {27 | Weght loss, polydyp |14 7 | 1195 | 125 | 50 | 55
sta, arntability,
noctuna, polyuna,
drowsiness

K 8 | M |27 Polyuna, polydypsia, { 12 8 | 1829 | 181 | 85 | 85 | NPH15R3
weight loss
S D | M |27 | Polyuna, polydypsis, | 14 4 | 1370 | 180 | 50 | 50 | R 10 P4

drowsiness
C D | F 28| Irntability, weak 136|100 | 110 | 55 | 50 | P508 R4
ness, polyphaga, 08
polyuna, polydyp
sa
J P M| 29| Weght loss, polyuna, 1375 (115 [ 55 [ 65 | R 2
polydypsia, weak
ness
F N | M| 30| Polyphagia, polyuna| 14 2| 1445 | 150 [ 65 |65 | P2R 9
R B M |30 | None 177 | 1105 | 130 | 45 | 45 | PARS
D H | M |31 Listless, polydypsa, | 11 6 | 1829 | 181 { 85 |85 [ PARI0

weight loss, polyu

na
C R |F |31 | Weghtloss, nocturia, [ 11 5| 1230 | 100 50 | 70 P6RS
ntabikty, poly
dypsta

C S |F |31 Weghtloss, polydyp |13 6| 123012050 60| R3P3
s, fatigue, poly
uns, nocturis, rr
tability

P B IF |3l | Weghtloss, irmtabul | 116 | 1505 | 170 |60 | 15 | PR 1
ity, constipation 29

R S | M| 32| Weight loss, listless, | 159 | 1260 { 120 | 42 P6
polyuna, nocturia _

3 M | M| 33| Polyuns, polydypsia, | 15 | 1570 | 165 {70 | 70 | R4P3
drowsness o

G 5 | |88 Polydypsis, weght [18 | 1750 220 |60} 70 | RSP
loss nocturia, 1rm
tability 4

H T |0 33| Polyons, listless, pol | 16 | 1570 | 175 | 60 [ 70 | P 2T
ydypsia |
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TABLE 16-} J(Continued)

Fod‘ Duet at Drecharee Yasuln at
Patent | Sex | Ape ] Oveet Symprams | Rt | ot
Charge C-lorml c|rlF
o |
R D [M|33) Weightlow,polyuna, | 12 | 850 110]30)30 | RSam RS

polydy puis pm
L P | M| 31] Wetghtloss, polyuria, | 19 5 | 1754 [ 170 { 50 | 86 | P12C 14
nocturia, polypha

na
Weight loss, listless

RT M| 147 (1605250 | 50 | 85 { P2 RS
wntability, polyu
nia, polydypsis

F G | F |3t [ Polyuns, polydypsi, | 1

6 4 | 1350 1 130 | 50 [ 70 { R-5 0-¢ R3
werght loss noctu 04

na
M M | M |35 | Fatigue, arntsbibity,
woight Joss, poly

3 8 Measured Rb5bid

&

unia
Polyuna, dry shun, | 11 G10
polyphagia  poly
dypsia

NM|F |3

8]
©

1200 { 150 | 50 | 4

*PB, R, L, NPH, and G refer to protamine zinc, regular, lente, NPH and globin
1nsubn, respectively, the sequence identifies schedule of tjections Multiple tmjes
#1008 have since been elimsnated sn our series O refers to no 1nsulin at noor on ¢1d
smjection schedule

should be gurded by the results of urine analyses for glucose and acetone
or by reults of blood sugar measurements As pointed out m Chapter
14, blood sugar and serum CO, analyses and estimates of serum ketone
levels prior to, during, and follow ing surgery make possible a more pre-
cise control of the diabetic state (19a~c)

A Mscellaneous Procedures Requining a Fasing State (GI Sertes,
MER)

Rad of the 1 tract of the diabetic
can be carrred out with the insultn infusion proccdures deseribed for
surgery, or lactose can be incorporated into the barium swallow n amounts
equal to the obvious carbohydrate in the patrent’s usual morning intake
This again should be preceded by msulin, though m amounts less than the
patient’s customary dosage

Measurement of the basal metabolic rate in patrents on isulin 13 prob-
sbly an entirely useless procedure, since the rate of metabolic activity
will depend on the residual nsulm action and the substrate upon which
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the patient 1s subsisting For evaluation of thyroid function the serum
protein bound 10dme (see Chapter 21) or tracer amounts of 113! should
be used

Summary

Titat

The ad ation of 1nsulim the entry of glucose into cells
and accelerates phosphorylation, thereby permutting its storage ss
glycogen or entry into the glycolytic pathway Pyruvic acid, a produet
of glycolysts, can then be converted to lactie acid, alanine, acetyl Cod,
or oxaloacetate The last of these enters the Krebs cycle by reaction with
acetyl CoA derived from glycolysis or from the beta oudation of fatty
acids Insulin may also act to facilitate the conversions 1n the Krebs cycle
and the formation of high energy phosphate compounds

In contrast to the adult diabetic who can often be controlled on diet
alone, the juvemle diabettc almost always requires insuhn The average
dosage 1s one umt per kilogram of body weight but extensive deviations
from this value are frequently scen The actual dosage 13 determmned
by the results of serial urine testing The before-supper and the before-
breakfast tests pomt to the adequacy or madequacy of control of
postprandial and overmght hyperglycernta Combinations of raprd acting
and protamme zinc or NPH msulins have had the most extencive ussge
m this country as well as m our clinte, though successful control on
multiple mnjections of short-acting msulin or on globin 1nsulin alone or 1
combmation 15 possible More recently Lente msulmn alone or 1n combind
tion with rapid acting msulin has been introduced 1n the course of a gearch
for an msulin which will meet the needs of the largest number of diabetics
In the use of any wsulin, hypoglycemua 15 to be asouded because of the
central nervous system damage and vascular disease which 1t may pro
duce It may also lead to so called brittle dizbetes
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the patient 1s subsising For evaluation of thyrord function the snn
proten-bound 10dme (sce Chapter 21) or tracer amounts of 1 ghoil
be used

Summary

The administration of msulm facthtates the entry of glucose mto ey
and aceelerates phosphorylation, thereby permitting its storsge &
glycogen or entry mto the glyeolytic pathway Pyruve aed, a prod ¢
of glycolysis, can then be converted to lactic acid, alanime, acetyl Cot
or oxaloacetate The last of these enters the Krebs ¢3cle by reaction v
acetyl CoA derived from glycolysis or from the beta oudation of fatf
aeids Insubin may also act to facilitate the conversions in the Krebseyet
and the formation of high energy phosphate compounds

In contrast to the adult diabetic who can often be controlled snd#
alone, the juvemle diabetic almost always requires nsulin The sven™
dosage 15 one umt per hilogram of body weight but extensive devationt
from tiis value are frequently seen The actual dosage detrmtt
by the results of ser1al urine testing The before-suppes and the before
breakfast tests pomt to the adequacy or 1madequac) of contrel of
postprandial and overnight hyperglycemia Combinations of rspid adat
and protamme zine or NPH msulins have had the most extepsne Ut
m this country as well as 1 our chnie, though successful contro)
multrple myections of short-acting msulin or on globm msuhn slopeortt
combinatzen 1s possible More recently Lente msulin alone or e comb ¥
tion with rapid-acting isulin has been ntroduced in the course of 8 seart
for an 1sulin which will mect the needs of the largest number of dmbeu‘le
In the use of any insulin, hypoglycera 15 to be nvorded becauce of &
central nervous system damage and vascular disease which 3t may ¥
duce It may also lead to so-called brittle diabetes
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CHAPTER 17

Regulation of the H* Concentration of Boedy Fluids:
the Effects of Uncontrolled Diabetes Mellitus

The hydrogen 1on concentration,+e the pH, of body fluids 1s mam
tamed at a shghtly alkalne level by a) buffer systems which mimmize the
yeld of H* or OH~- 10ns from morganic and orgame compounds and b)
regulatory systems (the lungs and the hidneys) which restore the buffers
and H¥ concentration to normal by judicious conservation or excretion
of hedy flud constituents Though 1t 15 still not clear why n the course of
evolution the hydrogen 10n concentration of body fluds became fixed at
this particular level rather than at any other our knowledge of how such
levels are mamtamed constant by the above mechamsms in health and
altered 1n disease states 1s steadily expanding Information germane to an
understanding of the changes which may occur in the diabetze 15 discussed
1n outhne form 1 this chapter It should provide a smtable background for
effective reference to texts, hs and other publ m which
this complex subject 1s treated 1n greater detal (1a 1)

1, The Buffer Systems of the Body

A buffer system consists of a weakly 1on1zed acid, or .m modern terminol
ogy a proton donor, 1¢ 2 substance which in solution yields a relatively
small amount of H+ 10ns or protons, and a salt of that proton donor The
relative proportions of the two components of a buffer system determine
the H* 1on concentration thus the greater the concentration of the salt

‘lthe Iess the 1omzation of the proton donor This 1s mediated through the
ommon jon effect, ¢ ¢ 1 an equihbrium reaction mtroduction of a product,
“ the reaction moves the reaction to the left

Proton donor = H+ + dissocated anon

Sodium salt of Proton donor = Na* + dissociated anon
the body the chief buffers are HyCO: and salts of H,COs,
WO, , KHCO; , ete , H;POs and salts such as NasHPO, , NaH,PO, ,
protems 1n serum, 1m blood cells, and in other body tissues which
weak provon donors oh Yhe pil of e Dody snd dherefure wiso
Though there are other buffer systems in the body, these are

201
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Feo, Peo, Peo,
3843 <18 TN
N
NORMAL, RESPIRATORY RESPIRATORY
RESPIRATORY ALKALOSIS ACIDOSIS
EXCHANGE {PRIMARY OR (PRIMARY OR
SECONDARY) SECONDARY)
Tie 171 Resemarory Reatration or CO, anp Hesce o I CO; Coveenraations
Bopy Frems

Increasing the depth of mspurntion mereases th e fotal nlveolar volume and de-
ereases the CO: concentration This pertmits diffusion of CO4 from body fluids and re-
sults in a lon ening of H.CO, and hence of H* 1on concentrations Th s type of pulmo
nary response 13 referred 10 88 respiratory alkalosis It may oceur as a prumary change
83 1n hysteria salicylate poisomng voluntary hyperpnea or develop secondary to a
metabolic acidosis The reverse change 1. decreased respiratory excretion of COa
occurs in ptimary or secondary respiratory acdos s Nurabers i Figure refer to mm Hg

the respiratory excursions can raise and lower the Peg, with concomitant
mereases and decreases 1n the amount of 1,CO; in the body fluds

Peos = €O + HO — HLO0, = H* 4 HCO~ 15}

Hence, though the introduction of the strong proton donor (see formula 4)
would be evpeeted to increase the H* jon concentration by vartue of in
creases in H,CO; , decreasng the Peg, can and does readily restore the H*
levels to normal This mawntenance or regulation 1s mediated by alterations
m lled by and effectors sensitive to I+ 1on
concentrations acting on the respiratory center Similarly, though the in
troductron of NaOH might be expected to deplete the H,CO;, retention
of CO; by the above h readily repl th lies of this com
ponent of the buffer system

B In Pothologic States

From the ahove discussion 1t ean be seen that any nterference with the

normal pulmonary exchanges of CO; could alter hydrogen 10n levels
1. Pramary R y Alkalogs—C 1 and Uncom-
penaated Rapid deep breathing in exeess of expnntory necds lowers the
Peco, unduly and depletes the body of CO,, H:COs, and H* This can and
oes happen with the overbreathing which oceurs 1n hystera, in cercbral
sease states 1 hyperventilated respirator patients, tn closed anaesthesia
tems low an CO;, and 1 the carly phase of salicylate poisoning It can
be produced by voluntary hyperventilation Such loss of CO; results
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present 1n much lower concentrations and contribute less to the over all
regulation of H* 1on concentration

A The Carbome Acid Bicarbonale Buffer System as a Prototype

The operation of the carbonic acid bicarbonate huffer sy stem (see formu
lae [1] and [2]) followmg the introduction of compounds which 1n solution
yield high concentrations of OH= or H* 1ons 15 shown in formulae [3] and
4] illustrating the “common 10n” effect 1 ¢ , the presence of HCO;~ from
NaHCO; suppresses the jonization of HyCO; and thereby decreases the
H* 10n concentration

H,CO; = H* 4 HCOs i}
NaHCO; = Nat+ + HCOy~ 2

When NaOH 1s added to a system which contamns the aboe buffer ¢ reacts
to yield NaHCO; and water

H.CO; + NaOH — NaHCO; + H:0 1)

This prevents the large excess of OH~ 10ns which would have resulted from
the dissociation of NaOH Wath the introduction of HCI the following re-
action occurs

NaHCO; 4 HCl - NaCl + H.COs i

In this way the Jarge increment of H+ rons which would have occurred from
the addition of HCl s largely cancelled or replaced by & much smaller gun
from the H:CO; Smular stmple equations can be wrtten tollustrate the
operation of the phosphate, protein, and other buffer sy stems

1t 1s immediately apparent that the continued mamtenance of a con
stant H+ 10n cone d ds an unl d supply of buffr Thus1s
achieved by regeneration or replacement of the boedy buffers i3 the pul
monary and the renal regulatory mechanisms

1I. The Role of Respiration 1n the M. of Body I+
Ton Concentration

A In Health

he
In keeping with Henry’s law the quantity of H,COs sulutm:c;n“}ng
body fluds depends on the partial pressure of COs (Poog) 1N iomcssure o
body flurds via the pulmonary alveolar membranc The p'\;t?lln Pl; s
€O, vanes 1n turn with the volume of the alveolar space ‘These
tions are shown in figure 17 1 16 of
1t 1s readily ap, therefore that al 1n the depth and rate
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Mot Body pH ss sightly (T HY "1 7GH T
olkaline at 7.3-74
trerefore OH oS Totot ]| 00 i solutan (PCQ,)
predorminate COz —HOO; with H*
Comen) T 1003 wih CamON
Not
b a
Sulfote
[Prosphosd
K*
P Prot”
(M X L ood
S eamons  AMOS rodcols.

T 172 Grusee Diacravt oF TaE Ececrrotytes Watenr Detesvine Trie Anien-
Catrov Baarce v Booy Froms
The chief cations (posttively charged) are sodwm potassium ealerum and mague
sim In previous usage these electrolytes were called fived bases a term which 19
meamngless ;n the hght of current definition of acids and bases The chief anions
{=eids i archare terminology) are shown on the right chlonde sulfate phosphate
protems and the undetermined or X fraction The relative excess of cattons over
anions or the relative deficrency of amons compared to cations deterrames the con-
centration of bicarbonate and ultimately the H 10n level by the common 10n effect
Peo—H:C0: = H +HCO,
NsHCOs 5 Na* + HCO,
Decreases 1n bicarbonate as a result of increases 1n anion or decresses i cation 1 the
Gamble d agram dimunish the common son effect snd permut H,COy to 10mze further
and yreld more H* 1008 This 10n1zation decreases when the common 10n effect 15 1n
creased a3 by excesses of cation or deficiencies of smon

or with hicarbonate which 15 readily replaced from carbonic acid If the
converse 1s true, te if the chlonde of the diet esceeds the sodum 1ntake,
the surplus of chloride appears in the unne 1n association with cations other
than sodsum or with the ammonium 1on which the kidney can manufacture
from glutamine 1n trme of need In other words the hrdneys can conserve
fived amons such as chlonde and phosphate while excreting excesses of
fixed eations such as sodium and potassium, and vice versa Smulatly, they
can within hmts excrete any nonvolatile anions which may anse within



204 MANIFESTATIONS, DIAGNOSIS, THERAPY

m 2 shift in H+ 10n levels to the alhaline side and 1s referred to asa prmary
respuratory alkalosis If the change mn pH 1s munimal 1t 18 referred to as com
pensated The designation p ted primary ry alkalogs
would be resersed for those patients in whom definite changes m pH from
the normal range of 7 35 to 7 45 to an abnormal value such as 75 or 76
occurred Howesver the pH effects of such a respiratory alkalosis are mm
mized by the other buffer systems of the body and by renal adjustments
which are discussed 1n section IIT

2 Secondary Resprratory Alkalosis. Comparable decreases m the
Pgo, can also occur secondary to disturbances in the hydrogen ron concen
tration 1n disesse states Thus m diabetic acdosts end coma, the acidoss
of far advanced renal farure, or the end stage of sahcylate powsonng the
decrease 1 pH results 1n hyperpnea or Kussmaul breathing m response
to stimulation of the respiratory center This supertmposes an element of
secondars resprratory alhalosis upon the fundamental disturbance

3 Primary Respiratory Acidosis. Asphyxia, rebreathing of an atmos
phere high 1n CO;, and cardiopulmonary drecases can result in distinet
nerezses in the Pgo, and HyCOs, 1e 1 & primary respiratory scdoss

d or ted depending on whether the H¥ 1on concen

tration 1s or 1s not changed Agan the buffer function as the first lime of
defense 1n pres entimg such changes i pH and, as wall be scen 1n section 11T
the hidney s also play an tmportant role

4. Secondary Respiratory Acidosis Under conditions such asyomsting
or excessive adminsstration of plkalr the lowering of hydrogen ion concen
trations results m a decreased expiration of CO; Thus supersmposes a se¢
ondary compensatory respiratory acidosis upon the prnimary disturbanes

JII. The Role of the Kidneys m the Mamtenance of H* Ion
Concentration n the Body Primary Reactions

A In Health

The Lidneys help maintam hydrogen 10n Jevels constant by regulaln;g
the urinary output of exogenous and endogenous anions and cnhfons 4:;
figure 17 2 the electrolyte composttion of plasma 1s showit 1t the o;m f
the traditional Gamble diagram and the brearbonate portion of the carl t;;ur
acid buffer sy stem hes been marked In health the hidneys, as needed slte
the escretion of enions and cations so that the bicarbonate remans o

o o
Stﬂl.t’l‘hc Eacretion of Excesses of Fived Catton or Amont 1f the dm::::
intake of sodium evceeds that of chlorde, the hidneys elaborate & \'lls .
which contains more sodm than chlonde The excess of sodium l:c o
excreted 1n associatton with amons nwhich may bo av artable for exe
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renal losses of 1 the prod of de of this 10n have
been amply established (s v) even though m the unstressed animal
potassum conservation ean be marked during persods of deprivation (Iw)
In lus onginal report Darcow ef al {In) cited unpublished studies which
ndteated that low potassium diets nnaccompansed by extrs intake of
sodwm and chloride did not produce the marked low erng of muscle potas
stum the rises w cell sodium nor the hypochloremic alkalosis Smce then
other workers have shoun that sig nt degrees of

e five per cent of the body stores may be mduced without production
of either hy pochlorerma or alhalows (1x y) However data are too hmuted
at present to assert that hy alkalosis d with

losses always represents chlonde deficiency or necessitates sodium loading

IV The Role of the hidneys in the Mninlcnance of If+ Ton
Con. in the Body S,

It wall be recalled from earlier discussions that renal reactions were stated
to acute primary disturb In the casc of re
spiratory alhalosis these consist of the ncrc!xon of 2 unne low 1n H* and
highin K+, Na* and HCOy~ This stems from thefact thatwith the decrease
1a Peo, less H;CO; 1s formed and less HY rons are avatlable for competition
with It 1o the cation exchange process known to occur duning the reab
sorption of filtered sodium Thus greater output of sodium and potassium
will tend to lower brearbonate and restore the bicarbonate carbonie acid
ratio to normal Ure bicarbonate also increases presumably because with
a deficrency of H* 1ons Jess HyCO; 13 formed from filtered HCO;~ and re
absorbed back mto the body as H:0 and CO;

In the case of acute prunary CO; retention the mmediate response 13
the elaboration of 2 more acid unne contammng less bicarbonate sodium
potassium and more Cl- and NH¢* This retention of cations permits
an expanaion of bicarbonate whuch tends to return the bicarbonste car
bomic acrd ratio to normal Chronie primary CO; retention ultimately results
1 a lowertng of the serum chlonde levels 1¢ an estabhshment of o new
steady state of hypochlorenua which allows a further merease m the ta
catbonate levels of body fluids Thrs might be looked upon as a secondary
metabalte alkalosis wluch serves to shuft H* 10n concentrations back te
ward normal

YV The Participation of Tissues in H* Ton Homeostasis

In acute primary respiratory alkalo 1s the losses of CO; via the Jungs
and of Na* and K+ 10ns 1 urine are accompanted by transfers of H* and
X+ 1083 out of rells and an entry of Ma* into cells In acute primary respira
tory acidosts the reterse orcurs 16 a3 an inereased exeretion of H+ inn



256 MARIFESTATIONS, DIAGNOSIS, THERAPY

the body, such as beta hydroxybutyre and aceto acetie, n company with
H*, NH,* or other cations

B In Discase States

1. Metabolic Acidosis The ability of the kidney to adjust the output
of amons and cations and mantain brearbonate and H* constant may be
overwhelmed by increased loading dimumished renal function or both
Thus, an intahe of foreign nonmetabolizable anions such as those of salicyl ¢
or borre acid or an accumulation of aceto acetsc or beta hydroxybuiyne
actds as in unregulated disbetes, 1n excess of the renal excretory capaaty
will result m an accumulation of these anions in body flurds with displace-
ment of the bicarbonate son This 1s termed metabohe acidosis due to
absolute excesses of anion Under these circumstances the common 1on
effect which the of HyCOzsd shed and the ¥
1on level ancreases The respreatory center 1s strmulated and respirations
merease culmnating m Kussmaul breathing mn the adsanced cases Ths
lowers the Peo, and prod a dary I ry respiratory
alkalosis

Metaholie acidosis may also result from excessive Josses of  fixed cation
and of sodium m particular, as in diarrhea In terms of the Gamble diagram
such eation defieits represent relative excesses of amons and agam a mets
bolic acidosts results

2 Metabolc alkal A defictency of fived anions such as that present
1n hy pochlorera secondary to los<es of chlonde dunng vomiting or gastro-
ntestinal Javage or as a result of excesstve mercunal therapy evokes an
expansion of the bicarbonate level The common ron effect suppresses the
1omzation of H:CO; and the H* 1on concentration decreases This repre-
gents pnimaty metabolic alkaloss as a consequence of an absolute defirit of
fixed amon te chlonde A sumlar change i biearbonate and m HYson
can be seen with an excess of sodium 1ons produced by the admmstrs
tion of sodium with 5. metabohzable anion, such as lactate This results of
course 1n & relative defieit of fixed amon Irrespective of the ongins the
develop of & metabolic alkalosis with pH changes leads tonmcundﬂfz
resprratory acidosis, 2 ¢ the shallow respiatory mosements of the albalelx
patients permut an accumulation of CO; and a nise 1n Feo, fect 13

The hypochloremic form of metabolic alkalosis may also ‘ie Efﬂrﬁﬂ
Heppel first suggested (1m), a depletion of cellular potassium ' “f‘: ente
this category 1s concerned Darrow ef al (In-1) have present im on
that as potassium moves out of cells, sodium and hy drogen mn:{ + thee
intracellular acidosis and an extracellular alkalosis results Un em:ltm"
exrcumstances the lonerung of chlorde has been mnterpreted 3 0BT 7
from dilution of chloride space, from extracellular transfers or ;fzo::‘ﬁnu ol
of chloride, or most hikely from losses in urne ‘The importance of &
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VI. The Range of Anion-Cation Values m Ambulatory
Hospitalized Children Not 1n heto-Acrdosis (Serum
Total CO; Content of 20 mEq. Per Liter or Higher)

The effectis eness of the homeostatic mechanisms operatie 1n the mamn-
tenance of hady flud composttron ts readily evident from the relative con.
stancy and narron range of distnbutton of serum levels of electrolytes m
healthy nonchabetic children How do these values compare with those
obtamed 1 2 group of ambulatory, hospitahized duabetic children under
diet and msulin therapy?
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.
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Legend ay r figure 173 The comments ob (hlorde e the presence of values
brfow the usual ringe of vamation s nondiibetics apply equally to <odmm (Zc) In
cwrent thmkmg this rebiti e hvponatremin {aud the relattve hvpochloremi as well}
toay represens depletion throme by po-osmolanty diintion excess of Jprde or @ en
steads state (2}
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takes place 1n urme with accompanymg decreases 1n the output of potas
swm, while hydrogen and potassium 1ons enter the cells and sodium moses
out

Similarly, m primary metabolic alkalosts, such as that resulting from
losses of chloride . 3 omitus, sodium enters cells as potassium 10ns move
out of cells, in primary metabolo atidosis, as 1n disbetic coma, the reyerse
of these movements occurs, 2 e sodium leaves cells while potassium goes m
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Fra 173 Sertvy CHLormE CONCENTRATIONS IN AMBULATORY BUT nols;:ﬂ:::tﬂ
Jovennee Duserics Waen Serow Toran €O, CovTENT Was 20
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The dividmg hne between adequately regulated and thcreforle na::is: .:! i
acidotic disbeties has been taken at 20 mEq per hter because \: \;rs S otes the
are encountered n healthy nondiabetie cluldren (22) The dotte: ) mfxu o bealths
mean value of the <erum chlonde concentrations m such a mnlmh:n e
nondiabetie control subjects (5 to 18 years of age) from & ‘;(-ll r:;n o pusber
The shading above and below the mean estends three standard (ﬂd b] o mater of
of the diabetic children have unduly low chloride levels a8 mdx:cn en i :yﬁgure Tor o>
values below the mmnus three standard deviations range (2¢) See
sible explanations of this relative hypochloremia
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A Serum Electrolyle Patterns wn Controlled Diabetics

Fagures 17-3 through 17.7 show scrum chlonde, sodiam, potasstum, cal
cuum, phosphorus, total protein, albumin, and globubn values 1 men s

e R R

¢

I s vy voramusstd (0 neatthy nondiabetic ehildren, some of the values are
more than three standard deviations removed from the mean This is es
peerally true of the Jow chlonde and sodsum values which suggest that some
of the diab may be salt depleted, though al ‘e bilitres such
s chronic hypo osmolanty, excesses of water, hyperlipemic effect, and new
steady states have to be considered The interpretation of hyponatrena 1
general has been discussed by the author elsewhere (23, b) In theee di
abetics snlt depletion, on the bams of osmotie durems dus to glycosuns
and possibly a slight hy perlipemic effect appear to be the most Iikely ex
planations The tendency to elevations of the serum cholesterol levels
(figure 17 8) provide some support for the latter
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Tio 17-5 The Rance or Senvm Porassiom Levess 15 Noveroric Novacmorio
Jovespe Duserics 1wt Torat, CO, or 20 1Eq os yore sea LITER el
Though the potassum concentrations 1n fasting diabette children mnéd\:ﬁ:; :0";“5
values rather closely (2¢), there are a number of patients who fall 2! o:l“e e Lo
range i the nandinbetic controls The dotted hise refers to thc‘ ;n;ﬂn v
shading mdicates % three standard deviations from the mean (21
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The traditional hypercholesterolena of dibetics 13 evident 1n some of these ehul-
dren 1n whom regulition was sati<factory as indicated by undmumshed serum total
CO: levels Dotted bne and shaded area agan indieate mean %3 SD m nondiabetic
controls (2¢)

olism, dehydration, deglycogenation, and negative balances of cell nitrogen

Summary

The of H* 10n jons 1n the normal range 1n dia-
betics and nondiabetics 15 dependent upon buffer systems and ultimately
upon tenal and respiratory regulation Thus concentrations of the carbome
acid-brearbonate buffer are d d by resy ry regula-
tion of CO; excretion and the renal output of cations and amions Other
buffers such as the protemns and the phosphates, clectrolyte transfers be-
tween cells and extracellular fluuds, and the osmotic activities of electrolytes
within cells also particzpate 1n the mamtenance of H* 1on levels

In the disbetic n whom msulin supplies fall below the levels necessary
for carbohydrate within usual imits the body shifts
to fat for energy purposes The beta oxtdation of fatty acids produces acetyl
CoA 1n excess of the ability of the tissues to utihze this denvative The
excesses of acetyl Cod are conterted to beta hydroxybutyric and aceto-
Meuc acids and 40 acetone. The Grst two products functon as anwons and

ly displace & Thus decr the common 10n effect of




MANIFESTATIOXS, BIAG.\‘OSIS, THERAPY

80 w

i LRy

oT. . & e it
er':m% (. = Bl
N .o
4.0 v H

%3 8 ) 16
Ace ROLLED
17-7. Servst Torar Prozery, Atstanry, anp GrosuLiy Levees 1 Coxt

Drserics or
hues belo
total protem and albumin Jevels are reduced m some dxalbc::sa(r:nmm
| area representing range of normal). Globuln concentratios



REGULATION OF pH oF BODY FLUIDS 303

() Gaxosen L I Cxpenmental potassium depletion effect on earbohydrate
metabolism and pH of muscle J Lancet 73 190 193

(9 TaRaiL R asp Etxinton J I Potasstum defie ency and role of hidney
10 ts production J Cln Incest 28 99 1

(t) Renier A Scnocn H B anp NESBURGH L I Cennm aspects of potas
sum mettoltom J Am Dret Assn 27 10i2 105

(u) Buack D A X avoMitaz M D :xpenmeml potassium depletion 1n
man Lancet ! 241 1952

(v) Brano W H anp Basserr 8 H Potassum defictency in man Metabolzsm

2 218 1053
() Danowsst T 8 Bracx M Munmas R anpWiars P Renal conserva
tion of p dunng snd the effects of sodum

cold and AGTH J Clyn Tnnest 8§ 9% 1955

(x) Moore F D Bouwo E A Dirwore Il H Jr Stcoram A Teremick
J L Eruson A L Hore 8§ J avo Bar M R Body sodium and
potassum V The relationship of alksloss potasmum deficiency and
surgical stress (o acute by pokalemua 1n man Metabolism 4 379 1955

() Wournstey R A anp Darmaanr H J Totassum and sodum restriction
10 the normal human J Chn Ineest 34 456 1955

(2) Cuxintoy J R anp Danowsx: T S The Body Fluds Basic Physiology
and Practical Therapeuties p 124 The Walliams & Wilkins Co Baltimore

1055

(b) Davowsex T § Ferats E B anpMatesr F M Thelow salt syndromes
Ann Int Med 43 643 1955

(¢) DaNowsxt T 8 Grepnsavy L Mareer F M anp Welaanp F A
Serum electrolytes and solutes mn regulated and unregulated diabetics com
pared to healthy children Unpublished studies



304 MANIFESTATIONS, DIAGNOSIS, THERAPY

bicarbonate upon the tomization of H,CO, and H+ ncreases, te 4 meta
bolic acidosis develops Renal failure as o consequence of dehydration and
salt depletion accentuates this further The respiratory adjustment (i
creased ventilatory loss of COy) tends to restore the H¥+ 10n to normal levels
by v1rtue of a secandary respiratory alkaloss. As the disturhance Pprogresses
Kussmaul overbreathing ey entually sets m

REFERENCES
1 /) Casemre T T Moo w7 4 s nr .  n

Co , Baltimore, 1998

(¢) Crarx, W M Topies in Physical Chemustry The Withams & Wilkis Co,
Baltmore, 1952

(B) Smock, N W, anp Hastings, A B Studies of acid base balance of blood
IV Ch and of displ of acad base ba!
ance J Biol Chem , 112 230, 1935

(2) SwoEr, R B, anp Hastines, A B Improved chmeal method for estimation
of disturbanees of acid base balance of human blood Med:cine, 27 223 1048

(h) Davexrort, H W The ABC of Acsd Base Chemustry the Elements of Phyno
logieal Blood Gas Chemustry for Medical Students and Physicians Univ
Chicago Press, Chicego, 1940

() Horraan, W §  The Brochemustry of Clintcal Medscine, p 157 Year Book
Publishers, Tnc , Chicago, 1954

() Danowsgr, T § Water and salt balance Pharmacology tn Medieine ¥ A
Dall, ed McGraw Hill, New York, 1954

(k) Swver, R B, Cravk,J k , Barxer, E § , Crostey, A P, Js , anp Bz
Ton,J B The acute effects m man of rapid intravenous wfusion of hyper
tonie sodium hicarbonate solution Medicine, 34 51, 1955

() Eueivron, § R, ano Danowser, T § The Body Fluds Base Physology
and Practical Therapeutics, ¢h 10-11 The Wilhams & Wilkns Co , Balt
‘more, 1955 leted

(m) Heppey, I A The electrolytes of muscle and liver i potassium deple
rats Am J Phystol , 187 385, 1930 Thorehs

(n) Darrow, D C, Scawarrz, R, Iannvees, J F, anp Coville F eC!
tion of serum con to muscle comp J Chin
Invest, 27 198, 1918

(0) Cooxs, R T, Srase, W L, Cuenx, D B, Covnax, F B, 4xp Dartom,
D C e evtrarenal of slkalosis with potassi
defirency J Clin Ineest, 31 798, 1952

® Mvnwvn;z,E,ANn Grirriy, G E Eﬂe;; o;sgotgssslmm on electrolytes of
rat plasma and musele J Buwl Chem , 1 X

@ Dansow D G Effeet of eation exchangs 1n muscle on aeid base equiibrin
in metabolic alkalosis J Lancet, 73 244, 1953




PART 1l

DEVELOPMENTAL ASPECTS AND
COMPLICATIONS






CHAPTER 18

Diabetic Acidosis and Coma in Adults and Children:
Precipitating Causes, Presenting Symptoms
and Signs, Mortality, and Controversial

Aspects of Therapy

While there can be no doubt that the phrase drabetse acrdosis and
coma” refers to the chmeal and biochemical changes which oceur 1o 2
dabetic following upon a major loss of carbohydrate tolerance, pubhished
reports {(la~g 2a-n 3a-x) oiten usc the term loosely without preeise
quantitative significance Thus acidosis has been vartously interpreted
to indicate that the serum total CO; content or combimng power 18 re
duced to 20 volumes per cent (1a n) 29 volumes per cent (3g), or some
value imntermediate between these tno (3r) The lugher mits have been
used by workers who encountered a sigmficant mortahty in such patients
{3z, h) In other chnies the of overh of the Ku ul
type has been employed as an index of acidosis This usually develops
when the total CO. content 18 reduced to approximately 20 or 22 volumes
per cent, but again the relationship 1s somewhat variable Patients who sre
not overbreathng but who have ketonc bodies 1n urme and bloed 1ncreased
above levels ch of diabetics or healthy diab
associated with total CO; values higher than the limit sct for acidosis
are said to have diabetie ketosts The combination phrace keto acidosis
has been used to refer to patients in this group who are on the verge of
acidosis Similacly though 1t has been urged that the term diabetic coma
be reserved for the totally unconscious or the markedly stuporous pattent,
in some pubhications the words acrdosts and coma are still used mter-
changeably It has therefore been suggested that the patients who develop
andosis but remain conscious be elassified as diabetic precoma (31)

To provide objcctive standards for compancon we divide our cases m
accord with the serum total CO, content 2t the fime of admisston Values
between 151 and 200 mEq per liter are classified as ketosis The term
acdosis 18 reserted for patients with a serum total CO: content below 150
mEq per hter For purposes of companson we further subdivide these into
the 0-10 and 10 1-150 mEq categories Members of erther of these two
groups who are unconscious and unresponstve are saxd to be i coma
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cama The meidence has been expressed 10 terms of the index deseribed
above, t ¢, the number of admissions for acadosis or com? 1a relation to the
duration of the drabetes has been found to be one attack of aeidosis or coma
per 58 patsent months of diabetes In heeping with tle data on adults, in our
group there 1s a shightly greater number of girls but the mortahty rates
m our serres and those of others seem to be the same 1n the two sexes
However the total numbers of deaths in any particular series are small
Ovwen’s suggestion (31) that adolescence 1s associated with a higher fre-
quency of coma 1s not borne out by our statistics, since on a percentage
baais the rates are identical in the 8-12- and 12-16 year-old groups
(figure 18-1)
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Fic 18-1 OccoRrence oF Actoosts AD Coas 1N RELATIONSHIP To AGE AND 10
Durario% op Draperes

Open circles represent girls closed circles represent boys admutted with serum total
CO, content of 10 mEq per liter or less Cross bar identifies patients admitted with
CO; content of 101 to 15 mEq per hiter Coma oceurred more often in girls than i
bors It mas more frequent duritg the fitst year of drabotes but 1t must be nofed that
10 a hugh percentage of our patients diagnosis of diibetes was first made during an ad-
miswon 1 coma or acidons The numbers of ezves 1 the §-12 and the 12-16-year-oll
group are about the same
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id n .
L 1 of Diak Acrd or Coma

There are no satisfactory data from which the actual frequency of
diabetic eoms can be estimated The mortality statictics from various
clines provide only fragmentary nformation on this pomt, since they
are usually not related to the total diabetic population Lthewree, the
proportion of dusbetic coma in the diabefic and nondiabetic population
of a hospital 1s without meaning because the sample 15 not quantitated
and the custom of optional admissions for struction, regulation cte
varies Rabinowitch (3y) has quoted o figure of 1 3500 as the coma rate
wathout reference to time intervals, n a year’s sample of the Joshn series
coma aceounted for 15 per cent of the admissions (3z), s Dillon and
Dyer’s group (3g) this rate was L1 2 per cent It would be de<irable there
fore, to relate the frequency of aeidosis and coma to the total dwbetc
load 11 a particular ehme and perhaps express it as we have done with eur
Jusentle diabeties 1n the form of an acidosis or coma index, 1 ¢, the average
number of admissions for this compheation per month or 3 car of diabetes
For purposes of generalization and companson with the expenences of
others this figure could then be standardized, ¢ e, corrected for vanations
1n the age and sex of 4 particular population from national prevalence
estimates and for factors known to influence the frequency of coms s¢
the age of the patient, the duration and sevenity of the drabetes, the eco
pomuc status etc The mportance of <uch s anables n determining the
mortalty 1 drabetic coma has been recognized (3h-m u) {sce sechiod
1V), but the<e prineiples have not been applied to the studies of the ire
quency of diabetic coma Without such standardization evaluation of the
efficacy of particular treatment regimens 1s not feamble

A Children's Hospital of Pittsburgh Data on the Frequency of Dughetic
Acdosis or Coma wn Children

In the atulable complations of statistics on acidosis and com? mathout
particular reference to age groups tlis complication 1s reported 1o o‘chm\f
with greatest frequency during the first  ear following the onset of o ?z
betes (1d) It has been concluded that, i terms of total numbers of a“l:
patients, females outnumber males and usually show a Ingher martﬂwrz
rate (Ie, ¢ g 3g 1, 1) Younger paticnts develop this complication 1
often than do the adults (1d, g, b, 3b, §,3,}, 1, %)

We have reviewed our Pitteburgh scries {10} of
s13 and coma n ehildren up to the age of 16 ears and
adult or mtxed series, the highest frequency 19 recorded
sear following the recognition of diabetes {figure 18-1),
such a large proportion of the patients are first dlagnose
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I S I Incid and Precipitating Causes

of Acidosis and Coma
A In Adult and wn Mized Seres

The records of the Mayo Clinie (3f) and those of Joshn’s group (le,d)
indicate that, contrary to expectation, acidosis and coma are more fre
quent durmng the summer than the wmter It has been suggested that
departure from diabetie regulation 1n the course of vacation periods 5
responsible for this greater inctdence durmng a time of the year when
respiratory and related infections are at a mimmum The data of Collen
(3!} differ 1n that coma was more frequent 1n the winter In the Prttsburgh
senies of pediatric patients, acidosis and coma occurred most often during
the months of June and October (figure 18-2)

1. Inadequate Diet and Insulin and the Role of Emotional Factors
Published reports of acidosis and coma m children and adults from the
abave groups of patients and from other clinies (<ce table 18 I) agree
that absence of adequate diabettc regulation, as in previously undisgrosed
drabetes or 1n those who do not follow prescribed regimens, 1s the com
monest precipitating cause HMowever the work of Mrsky {4a} and the
success of free or iberal dictary regimens {4b-e) (see also Chapter 18}
indicate that mcreases mn the intake of food per se cannot be expected to
preapitate acidosis or coma The studies of Hinkle {4i~h) {see Chapter
22), of Rosen and Lidz (41), and of others (4)) show that dietary trans

Fem: .10 Mea/L

Fem: 10.15 Mea/t

1 FMAMIJASOND

MONTHS

Fra 182 Acmosts anp Coxa 1¥ RELATIONSAIP TO THE MoxTa of ngY::r (a

The 0-10 and 101-15 mEq per Liter refers to serum tomll CQOJ t:igesml:r e
therapy There 1s no clear cut separation though this comphm; lx\‘;':
often durmg June and Qetober and Jeast often during the month of May
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acdosis and coma However enough 1<olated instances have been found
tondieate that an emotsonal conflict can mark the beginmng of inadequate
dictary and meulin regulation With more detailed attention to ths factor
we have found dunng the past year that some 10 to 20 per cent of the
admseions are preceded by periods of emotional turmetl at home or m
<cl ool (41)

The possible role of intrnsic gastromtestinal disease of unknow n etiology
1n produeing nausea and yomitmg and mterfermng with food mntake must be
arted Routine roentgenographre examinations of the gastromntestinal tract
of diabetic patients not admitted for acidosts or coma have shown an

dly ligh d of duodenal deformrties and craters It may
be thercfore that some cascs of coma begin with mtrinsic gastromtestinal
disease T} ese findings are discussed m Chapter 24

11 Presenung Symptoms and Signs sn Adults and Children
{ Climical History and Physical Findings

Overbreathing 1s of course one of the most frequent chmeal manifesta
tions of acidosis or coma In our group of children the incidence was 73
aud 24 per cent 1n the groups admstted with serum total COy content of @
to 10 and 101 to 15 mEq per Iiter respectively (1o) Asindicated earler
tachy pnea 1s a more frequent finding than overbreathing oceurring m vir
tually all of the patients with serum total CO content reduced below 10
mEq per liter and 10 one third of these tn the 101 to 15 mEq group It
15 apparent from the above figures however that the lower the CO; con
tent the greater £ ¢ mewdence of tacl ypnea and of hussmaul breatt mg

The recorded mexdence of vormting varies up to 79 per cent 1n the adult
and mixed series {table 18 1) 1n our pediatrie population (1o} 1 1s symp
tom was present mn three quarters or more of the children

Abdorminal pan may be o concomitant or a sequel of the nauses and
vomiting oceurring in 40 per cent or more of the patients in the publiched
sertes (3f) and recorded 1n two fifths of our children As has been often
pointed out this symptom may be ntense enough to mimic mtnnsic
abdorminal disease (4m n)

The frequency of frank coms vanes from 16 to 55 per cent n the
publist od reports (table 18 1) Since loss of consciousness 1s more apt to
oceurin the eases of prolonged acidows (3h m q u) the merdence 15 higher
in the wards of general hospitals than mn private ehnies Drowsiness or
stizpar 13 Present somen hat less often than 1k coma 840 38 pex cent of the
patients in the published series a range of values in heeping with the
findings 1n our Juvenile series

It has been repeatedly pomnted out that eirculatory collapse 23 a con
sequence of dehydration and salt depletion may be present at or shortly
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gressions are frequent mamfestations of underlying emotional disturb
ances and the loss of carbohy drate tolerance 1s to be attributed to these
rather than to the increased food intahe per se The failure to provids
cnough additional insulin then results i 1nadequate drabetic regulstion

21 as Pr g Cause of Acidosts and Coma Pub
hished reports are 1n agrecment that major or minor imfections used to rask
withinadeqate therapy as one of the common precurcors of diabetic aidoss
or coma (table 18 I) In essence this 1s another example of madequate
therapy, 1 ¢, msufficient 1nsulin 13 provided to meet the ncrease mn re-
quirements which so frequently occurs n 1nfections It 1s to be expected
that as data gathered duning the cra following introduction of effectne
chemotherapeutic and antibrotic agents accumulate the bactensl mfec
trons will play a lesser role 1n precipitating coma

3 Hypoglycema as a Precursor of Keto Acidosis and Coms It
15 probable that insufficient attention has been pard to the loss of eatbo-
hydrate tolerance which follow s mnadvertent insulin hypoglycemia If not
met by adjustments n diet and msulin dosage, a deterioration of diabetic
regulation which may result i acidosis and coma accurs This has been ,
emphasized 1 the series publiched by Danowshi, Winhler, and Pefers
(3q) It may be presumed that in other reported series such cases were

luded among the d 1y regulated and were therefore lost 83 2
8“;“};’” 11 A d of Aaxd and Coma The published

reports melude factors such as pregnancy, surgiesl operatrons (41:)h an:
thyroid erises (1g) as oceasional precipitants of acidosis and coma ’Ie‘h;‘:gh
1m any particular group of such dizbetic patients coma may oceur Wi Id)za
frequency, they contribute only a small sum to the total problem o
betic acidosis and coma

B In the Children s Hospital of Puttsburgh Sertes of Juventle Diabeties

Table 18 T includes a summary of the antecedent and ther;fo;it:f:
probable causes of diabetic acrdosts and coma n our series of ]::mn o
Inadequate regulation espeerally 1f one mcludes the large pmﬁ:atmn .
previously undiagnosed patients s the chief origin of this wmpre e
jusemle and adult drabetes Respiratory and other mfccht;ns ahahydrntc
frequency Insulin shock marking the onset of the less lo c:;tw Caberts
tolerance and culmmating 1n acidosts v as recogmzed 10 only 3 e 1
Miscellaneous precursors mcluded dental extractions vu:c;rtxor e
moculations In a few mstances no specific precipitating fa

tifie "
‘d;ﬁ 15 d?ﬂicult at thus time to extract from published recor:’isp :;‘c 1;; ?::tmg
own the probable contributron of emotional disturbances
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glomerular filtration rate ether on the basis of circulatory collapse (Ia,
b, 4,1 3 b, ), n, 0, q, I, 1), acute tubular damage (Ba—d), or chrome
vaseular disesse as mn the Kimmelstiel-Wilson sypdrotme (see Chspter
23) It has also been d that and
1n the formed elements of the unine frequently appear m urines obtained
during dxabehc ncxdusxs and coma Presumab)y these result in the mam
from some d and of filtration and reab-
sorption perhaps representing o mild form of the acute tubular damage
or lower nephron nephrosis referred to above

2. Formed Elements of the Blood. A polymerphonuclear teuhocytosis
18 a frequent finding, resulting 1n part from dehy dration and largely from
the mcreased adrenocortical activity demonstrated n climeal and ex-
perimental studies of acidosts and coma (7a-g) This 1s attended by
Iymphopen:a and eosmopema The usual nse in the ery throcyte count and
1 the relative blood cell yvolume or hematocnit 1s largely a reflection of
vascular, extracellular, and ccltular dehydration

3. Blood and Serum Solutes. o Hyperglycemia 13 of course the sine
qua non of diabetic acidosis and coma, resulting from g combination of
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following upon admsston (1a, b, d, f, 3h, 1,1, 0, q, 1, t) In the published
series this oceurred mn as high as 60 per cent of the patients {3n), but wss
only rarely present in our pediatrie group Finally, 1t should be poited out
that weahness, paralyses, or paraesthesia as posmble manfeetations of
potassium depletion are extremely difficult to cvaluate m aeidosis or coma
patients because of the nonspecific prostration but should be mentioned se
posstble mmportant presenting symptoms

B Laboratory Findings

1. Urine Analyses. Examnation of the unne on admission mill almed
nvariably show gly cosuria and hetanuria to be present In some patients
howeer, the urine does not reflect the degree of glycerma and hetonems.
These represent instances of chronic or acute renal insufficiency which may
be present despite the excretion of large volumes of urme This observatio
has been reported many times (5a-k), though 1t 13 not very frequent m
the experience of any particular chme The disercpaney between bod
and urme levels of sugar and ketone bodies anses from decreases the
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glomerular filtration rate either on the basts of eurculatory caflapse (13,
b, &1, 3g b}, n, o, q 1, t), acute tubular damage (6a—), or chrone
vascular disease as 1n the Kummelstrel-Wilson syndrome (sce Chapter
o B vaaom e

penmental studies of acrdosis and coma (7a~g} This 15 a((‘en“&e:{?
Iymphopema and eosinopenta The usual rise m the etythrocyt v
m the relatrse blood cell volume or hematoenit 18 Jargely 5
vascular, extracellular and cellnlar dehydration

3. Blood and Serum Solutes. a Hyperglycemia 13 of ooy,
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4 progressive decrease in carbohydrate utilization and nsmg gluconeo
genesis It may attain levels approsimating 2000 mg per cent (83-c) ihe
more ususl concentrations range between 400 and 800 mg per ceat and
values as low as 150 mg per cent arc compatible with the diagnosis of
acidosts and coma Figure 18 3 shows admssion blood sugar values m
- group of adult and juvenile diabetic acidosts and coma patients under
the care of the author and his colleagues (1o 3q) It1s cvident that anidoss
or coma can oceur with blood sugar yalues only slightly above the norme
glycemic range, but the combination of acidosts hyperpnea and normal
or shightly elevated blood sugar les els should raise the question of alternz
tive possibilities, 2 e salicylate or borie acid porsoning (8d) or far advanced
renal fatlure

b Azotema 1s a frequent finding in the severely 1ll patient ShUkWWE

1. « e WP . hma
K ' . 1
1 ' |

phase the whole blood nonprotein nitrogen, whether previously elevated or
not often falls below ordinary fasting levels

¢ The serum total €O content or combiming power 15 mvanably I¢
duced 1 acidosis and coma As pomnted out earler thisis a metabohe

acidosis resulting from an accumulation of ketone bodies and Josses of
' £ At wamal fal vaxw th further
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with the patient’s chances of recovery (3g-1, m n-w,
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" dration {9b) and the remainder to altered transport and metabolism of
Tipoprotems (9¢)

h Serum calcrum was 1mcreased 1 one half of the patients in our seres
(10) 1n whom measurements werc made prior to therapy (figure 18-11)
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d Serum sodwm and chlonde values were lon 1n only some of the
patients when they first entered the hospital (figure 18 6) even thasghre-
pletion studies mdicate that all develop defieits of these electrolytes dunsy
acidosis and corna as a consequence of losses m vomitus and 1n urine (fo}
Figure 18-7 show s a correlation betw cen the mtensity of vomitimg and the
degree of hypochloremia (3q)

e Extracellular pot and worgame phosphorus levels may be ele-
vated, normal, or low (figure 18 8) depending upon a) the relatne pro
portions of the external losses of water and potassiun or phosp! orus and
b) the rate at which potassium or phosphorus 15 transferred from ecllsto
the extracellular luds The higher values nre usually encountered s the
mare serjously 1l patients and especially i those who develop apuna (lo)

§ Serum total protewn albumin, and globultn concentrations show no
change {(figure 18 9) The total plasma content of these conshiuests i
actually decreased however, because plasma yolumes are contracted 333
consequence of the <alt depletion and dehy dration

g Serum cholesterol values tend to be clevated but may fall withm
the normal range (figure 18 10) Part of the rce 13 attributable to deby
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dration (9b) and the remamder to altered transport and metabohsm of
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lipoproterns (9¢c).

h Serum calcvum was increased 1n one-half of the patients i our series
(o) 1n whom measurements w ere made prior to therapy (figure 18-11)
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@ Serum magneswm levels are usually clevated (10a-¢) coexistent with
defieits of this yon

There 15 no doubt that the composition of body fluids and the stores
ind distribution of many other body constituents, such as the trace el
ments and the \itanuns, arc also altered 11 coma esen thongh data on thee
pornts are not available

IV, Mortality in Diabetic Coma

Reviewn of the reports of vanous workers (see table 18 11) mduwstes
that acidosis and coma do oceur more frequently mn the younger patients
and therefore m those with the more severe forms of diabetes The mor
tality 1s highest m the older age group, especially among women, though
as mentioned earlier Collen differs on this last pont (3], m) The m
portance of economue, biologe, biochenmeal and other variables upon the
mortality has been stressed 1n 2 number of reports Thus in the Rabiowich
series {3h) factors such as the age, duration of the diabetes and the coms
the degree of unconsciousness, the presence of assoeiated disease, nfection,
hypotension, decreased total COa content, and wereased blood urea nt
trogen levels were taken mto account In heeping with the consensus
Rabmowiteh demonstrated that the mortality was directly related tosgs
unconscioushess, exrculatory collapse, and the presence of other diseases
& smlar relationship was noted n the fatahty rate and the degree of
hyperglycema and azotemia, but not in the total CO, content Rabmo
witch’s findings are 1n essential agreement with those of Dillon and Dy‘g
(3g), Owens (31), Baker (3f), Collen (31), Beardwood (3p), Danow
(3q), Zieve (3u}, and therr co-norkers

A Fatahties i Coma m Relationship to All Digbetic Deaths

In the days prior to msulin Joslin noted that during the period utenfix;zz
from 1898-1914, 64 per cent of all diabetic deaths occurred 1n cgmum
11) This decreased to 42 per cent during the era of therapy of ung e:;ed !
tion Viath the avalability of msulin the Joshn group has rect;] e
progressive decrease 1 deaths attributable to coma, reachmlgg;g e
low figure of one per cent of all diabetic deaths for the year

B Mortahty 1 Reported Seres of Acdosis and Coma Patienls

o
It 15 generally recogmzed that comparison of mortahty;) ]st::::!‘;:c o
diabetic acidosts and eoma 1s difficult and probably ympossible e ton
the great vanations 1n the make-up of the actdosis and co!ena }:’f oy
1 respect to the factors eited above Prior to the dxsco;ez he dils
the mortahty from diabetic coma was virtually 100 e}‘;ermm ey
from the Joshn chme (1m, n) illustrate clearly the reduc
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TABLE 18 11
Mortality tn dwabetic coma (mized adult and pediatric series)
Seres 1 tean Number | Age sesp/p [Mogale

Dunlop (3c) 1922 1931 ‘ 15 60
Bertram (3d) 1923 1931 1007 2
Bertram (3¢) 1923 1931 186 33
Baker (3f) 1923-1034 82 | 312 | 44/56 16
Dilton and Dyer (3g) 1937 28 | 378 | BIIBT | 44
Rabimowitch (3h) 1939 125 26/125 | 26
Osnens and Rockwern (31) 1936 2 23/64 51
Collen (31) 1942 N5 33/62 »n
Hagtvet (3n) 1932 1941 62 30/32 15
Foster (30) 1924-1930 82 3547 171
Beardwood and Rouse (3p) |  1935-1041 220 286
Danowskt et al (3q) 1926-1945 188 /s | 181
Black snd Mahns (33) 1913-1943 170 200
Harwood (3t) 1942-1944 35 | 418 2
Harwood (3t) 1941 1950 67 | 36 19/51 15
Tieve () 19201918 [ETRN Y 0
Rodriguez and Casann (3v) | 1948-195¢ 129 172
Gronberg (1q) 1956 72 26/46
JoshaIetal (im, n) 1923-1031 19 | 309 15
Joshn I (Im, n) 1931-1940 281 | 21 10
Joshw 111 (Im n} 1940-1346 183 | 279 3
Jostin IV (1m, n) 1946 1951 1B | 311 3
Allen and Shernll (2a) 9 55
Bantag and Campbell (2b) 16 49
Burn and Sehwab (2¢) 8 3
Bock, Field and Adasr (2d) 1923 7 2
Bunce (2¢) 197 3 [
Campbell (2f) 1 u
Chabamer (2g) 1927 28 3
Lhas (%) 19121913 2 52
Elias (21) 1924 1925 42 2¢
Foster (2)) 1925 20 10
Foster (2k) 1923 15 48
Petrén (1) 197 57 1
Ssmson and Blathernick

(2m) 5 40
Strauss (2n) 1927 [ 3
John (3a) 1929 7 [
Bowen and Helurman (3b) | 1923-1929 81 18/45 123

centage of such fatalities which followed the introduction of msulm
the eight years between 1923 and 1931 the mortahty rate averaged 15
per cent, decreased to ten per cent in the next decade, and in the subsequent
11 years ending 1951 reached the new low of three per cent The over-all
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F Gastrie Intubation

Gastric mtubation 15 a routme praetice mn some chntes (3i~k) The
author has had no direct expertence with this mn either the adult or the
pediatrte cases In both of lis groups vomuting following admissien and
aspiratton preumonia have presented no problem and the author 1s there-
fore nchned to omit gastric aspiratton especially since inadyertent pas-age
of the tube mnto a bronchus and interference with the more imaportant as
pects of coma therapy may oceur

Summary

The actusl meidence of diabetic acidosts and coma 19 1 doubt since 16 18
not customary 1o relate their occurrence to the duration of diabetes In
suffictent msuln 1s the ultimate cause of all duabetic acrdosis and coma
though thss lack may resutt from omtting msulin, mfections emotional
disturbances or from an 1nerease 1n the sevenity of the diabetes by virtue
of repeated msulin shoching In some 30 per cent of our clnldren the diag
nosss of drabetes melhitus 1s first made during an admission for acrdos:s or
coma

The commonest precursors of acidosis and coma are anorexia nausea
and v prmting and henee any one of these symptoms should alert the family
and the physteian In the laboratory hypergls cerma and a lowering of the
serum total CO content arc mvartahly present i acidosis and coma

The mortality remams high among diabeties of all ages though 1t s
lowest in the juveniles Deaths are partrcularly apt to ¢ecur 1a pressously
undiagnosed drabeties who are of course amongst the most serously 11
on admission It 18 m this type of patient that appropriate principles con
cernng routes of msultn sdministration the use of collod and of sodium
salts alhalmizing solutrons glucose and fructose are of particular wapor
tance
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I insul o deficiency as 1 acidosis or coma ghicose does not enter cells aa readily
(A) phosphory Lut on decrerses (B) gscolys 3 15 elowed (C) formation of liver gly
cogen d m msl s (D) and the 1 exosemonophosphate shunt, may opernte at & slower
rate (I} Other umdentified mechauisms of glucose d sposal may also be affected (1f
any su h be preseut) whule gluconcogenesis 13 meresed

sulin for adequate supphies of this sugar and hence less glueose 6 phosphate
15 formed In addition there 1s evidence th at the process of ester formation
may 1tsclf be :mpatred perhaps beesuse adequate supplies of ugh energy
rphosphate such as adt liosphate are laching and perhaps because
the enzyme glucohinase cannot function optimally at the pH and other con
ditrons which prevail during hetoandosis {B 1n figure 19 1) (3¢ d) The
resultant decrease in glucose ester formation naturally reduces the disposal
of glucose via the usual pathways (C D and E in figure 19 1) though
speeific mformation en thrs potnt 15 Inekang for the last of these

As these barrrers to glucose utthzation develop hypergly cermia increases
It bocomes more pronounced despite continued Jach of intake because
hver glycogen 1s converted to blood glucose and components of body pro
teins and fats are also transformcd to this sugar The nse in blood sugar
stems therefore from a combinition of underutilization and oserproduc-
fion




CHAPTER 19

Diabetic Ketosis, Acidosis and Coma: Metabolic,
Endocrine, Electrolyte, and
Circulatory Changes

The onset and effects of diabetic hetosts and acidosts represent a eham
of events which myolves the uttlization of carbohydrate, fat and protew
the secretion of hormones, the metabolism of water and electrolytee, the
regulation of anion-cation balance and pH, and certan ph) siologte con
comitants which jeopardize the Iife of the patient

y?
1 Metzbol of Food

L Changes in the I 'y
in Diabetic Ketoacidosis

In Chapter 1 the metabolie transformations of carbohydrate, fat aod
protem which result in the production of CO;, Hy0 , energy, snd 1 the
case of protemn, mtrogenous end products have been deseribed These are
all altered 1n the patient who develops diabetic acidosts

A Alteration n Carbohydrate Metabolism n Unregulated Duabetes Mel
htus

The dbetic ammal or human totally deprived of msulin continues Ii:

utilize carbohydrate at the usual rates m those trssues sueh a3 thi]br:/:

and nersous system which do not require this hormone (la-d), and, :c‘

sreatly reduced rate in the others The latter concept, first c!eur')}: ﬁ:\i‘ e

e

it

t

tron n;xd the mereased production of glucose from protein asu Jubim :uln:
acidosis are schematized In the absence of sufficient amounts o r“;s e
glucose 15 unable to enter mnto cells, te cross the cell wall bnr;lem pes
senibed by Levine, Stadie and others as readily as normal ("32 toaprove s
19-1) (3a-f,1) This may or may zot be mercly another fa}c'et ohme i
of phosphoryation of glucose which results 1 glucose-6 pl }:75;} o
rate less glucose than usual enters those body cells which dep
338
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the partieular amno acids released The mncreased gluconeogenesis 1s a
characteristie feature of diabetic acidosis contmbuting both to the hyper-
glycemia and to the ultimate losses of body mitrogen in urine

C Changes in Fat Metabolism wn the Poorly Controlled Disbetic

1 Shuftto Fat Substrate as Decrease in Glycolysis Reduces Supplies
of Oxaloacetate (figure 19 3) As the relatave inabihity to utiize glucose
develops and progresses the orgamsm shifts to fat metabolism for the en
ergy necessary to mamtaimn body temperature and to perform the work n-
volved 1n cardiac contractions, respiration, voluntary and involuntary
movement, etc These changes have been reviewed 1n some detail i Chap
ter I In these metabolic readjustments body storcs of fat are mobilized
and the gly cerol portion of the glycenides 1s set frec and converted to glu
cose thereby contnbuting another fraction to gluconeogenesms The fatty
acids themeeltes are then broken down to acety]l CoA mn the Iner These
can then unite with oxaloacctate and enter the hrebs cycle or be used to
synthesize protemn and fat Wathin the cycle conden<ation preducts are m
turn degraded tu CO; and H.0 with a rclcute of energy which 1s stored
as hate and ereatine phospl Thns energy 1s then used
1 the contraction of cardiac and sl eletal muscle as well as 1n other work
1 the of tissue ts and in the phosphorylation of
glucose (figure 19 3)

However 1n the diabetic patint there 1s 4 relative lack of oxaloacetate
and there may be an impediment 1 the conyersions within the ertric acid
cyele Krebs himeelf recogmzed the latter {7) In additzon there 18 <ome
evidence that the formation of adenosinetriphosphate 15 not as efficient as
normally (35 h) Des<pite this the shiit to 1 greater rehance on fat to
provide energy s successful in maintaming eruernl functions

FAT MOBILIZATION
INCREASED
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e
rrok e con
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PROTEMN CATABOLISM

(=1
PROTEIN ANABOLISM

IN HEALTH

}

IN KETO ACIDOSIS
Fra 192 Mecuanrsis o Neaurive Nivrocen Bazavees v Kero dcmos §

In health eatab and snabolism proceed at lent rates Vath ac doss aod
coma the breakdown of prote n increases because of merensed gluconeogenes s and
poss bly because of sncreased d scharge of adrenocort cal 110ty stero ds Anabolsm s
retarded by starvation deficient glycolyes and the ant apabole effeet of the 11
oxysteriods

B Protemn Metabohsm in Diwabetic Retosis Acrdosis and Coma

1 Starvation and Loss of Proteogenic Effect of Glycolysis (figue
19 2j The uncontrolled diabetic patient 15 usually unable to eat and re-
tain food Tius mterferes with orderly replacement in the daily turnover
of body protein 2¢ anabolism 1s less than catabohsm Studies i nondia
betie subjects indrcate that the negatiy ¢ balance of mtrogen which deselops
1 starvation can be minimized though not ehmroated by providing the
orgamsm with extra carbohydrate (4a b) This effect 13 mediated throvs
glycolysis which permts the utilization of acetyl Co m tissue recontlru¢
tion and function When adequate supplies of carbohydrate and sl B
are axailable and glycolyss is actrve a proteogeme action of Jneulin 1
readily demanstrable (54 b) This protemn sparng effect 15 absent 1
keta aadosis

2 Stress as an Aspect of Actdosis and Coma In zddibon the ciabetie
ho bocomes uncentrolled 19 m a sitnation of stress one of the feﬁturci‘ a]f
which 15 an cxcessive discharge of adrenocortieal 11 0¥y <teroids (6
(see seetion 11} This may act to accelerate protem break free
nitely mnterferes with protem resynthesis Some of the amino ards set "
by tins disproportion between catabolism and anabolisn ar¢ desm\!c\r: i
in the hiver and cons erted ta glucose The degree of conversion depen

down and de
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1ese patients show an increase mn the output of urinary 17-hetosteroids
ther worhers hase made sunilar observations (6d)

1 Intermeihary Metaholic Effects of J, d Adre tical Se-
retion It will be recalled from the discuseion of the role of the adrenal
ortex 1n carbohy drate metabolism m Chapter 3 that i pharmacologie
osage the 11-oxysteroids mterferc with or alter several facets of carbo
ydrate metabolism Thus the new fortnation of glucose from amino actds
nd perhaps from fats increases and the peripherat utilization of this sugar
spartially impeded by some unidentified mechamsm (6h) In animals with ,

ton Henee the net effect of execsses of 11 oy steroids under these ereum
tanees 15 an 1nerease 1 the earbolndrate lead a further nnpediment to
fucose disposal im tresues and perhaps some amelioration of the degly~
ogenting process At the same time the negative balanees of bedy pro
e already present by virtue of the stars 1tion which occurs in acidosis
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2. Excess Ketone Body Production from Excesses of Acetyl Cod
Fumally, 1n this process of shifting to fat metabohsm there oceurs an over
mobilization of fat stores and a production of acety] CoA m excess of the
avalable ovaloacetate The excesses of acety] CoA are then converted fo
acetoacetsc and beta-hydroxybutyrie aeids which acourulate m body
fluds, displace bicarbonate (see Chapter 17), and are excreted m the
urine The acetone present m urme and 1n expired air 1 2 spontaneous
breakdown product of acetoacetic and beta-hydroxybutyne acd Ths
then 1s the origmn of the ketosis and of part of the acdoss swhnch 1my aniably
ensue 1n the madequately regulated diabetic The various mterrelations
are summarized m figure 19-3

3. D I Lip is as Sequel of Diminished Glycolysis. Since
the turnover of body lipid 1s dependent on a new formation of fats from
Pproducts of glycolysis (the so-called hpogenic action of msulin {5a, b)),
thns process 1s also hindered by a deficiency of glycolysis This 1s supported
by the finding that deprivation of insulin markedly reduces fat synthessy
te the hpogenie effect 15 lost

II. Parti ion of the Endocrine System in

Diabetic Ketoacidosis

At tlus tume evidence 15 available that at least one of the endocrines, the
adrenal, participates m the metabolic events of diabetic acidos and coms
(6a-f) The data are clear wath respect to the cortey of thns gland, though
1f the medulla 15 unduly active 1n this complication of drabetes (snd there
15 no direct cvadence on this pomnt) 1t could contribute to the deglytogens
tion of the Incr by activating hiver phosphorylase, sceelerating gluwm:
genesis, deercasing muscle glycogen, and mterfening, perhaps, with quw”
utilszation Data on other cndocrine effeets 1n acidosss or coms of diabeb
origin are either lacking or unhnown to the auther

A Adrenocortical Effects in Uncontrolled Diabetes
The work of McArthur and her colleagues referred to earfier (i:;m, br:,
£) elearly establishes that 1n diabetie anymals withdrawal of sl ml dpo o
duces marhed mereases in adrenocorhieal actyity before ketosis of ¢ -
1s well-established These consist of a lessened sodwm and an l::lr: e
patassium excretion m urine, a drop crreulating blood ens\:xe}‘ o ,Tm
an augmented urinary output of 11-gtysteroids and 17-hetos ermt e
1 bmnend o Bemvo 10.4 This ean be logreally viewed as a par @’ *-

K
n
1

figure 19-5, taken from studies by Greentidi i cw «
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URINE FECES
Fie 196 MerasoLtsu oF Soprra anp Porassimt 1v HeALrsr np rre Efeects or
c100s1s anp Cova
As shown above i health absorption of wgested or endogenous sodum from the
gastromtestinal tract 18 virtually complete 1n diabetic and nondiabetic children m view
of the verv low content of sodium m formed feces equal to approximately 1 per cent
of the intahe the equivalent of 10 to 20 per cent of wgested potassium 18 excreted via
this route with only a fraction of this attnibutable to Josses 1n bactens The enorexa
nausea and s omiting which are 50 common m acidosis and coma mterfere with itake
and the st of these leads to losses of endogenous sodium and potassium m gastric
secretions
In henlth the concentrations and total amounts of potass um and sodim m extra
cellutar and cellular flu ds remam relatively constant despite wide vamations in ntake
However growth does resilt i meierses m cell potasium with and m excess of the
rclmlmu of cell mtrogen similarly replacement of cell protemn rehydration and re-
of the Liver are by transfers of potassium 1nto cells Acidosis
or coma re<ults in defieits of bodv sodium and potassium as 2 cousequence of losses m
vomitus and m urine Concentrations of these 1ons mav be unchanged low or high
dcpcndmg ontie con(‘nmnant balance of water Luwsos of cell mitrogen _dehydration
with carboby d all result n pegatn e
b 1hmna of cell put'\sﬂum Thesc my be acrompamed by transfers of sodium nto cells
In health the adrenal cortex and other components of the homeostatie regulatory
mechamsmg controt the renal output of sodium and of potassium 1n accord with the
body needs and the intake of these electrolytes Acidosis an 1 coma result m inereased
sdrenocortienl actn ity whieh 1acreass the uninary output of potassium and of nitrogen
Tt e smultancous trend toward sodum consen ation 13 exther parhilly vitiated by the
osmotic diurcsis to ghcosuna or ted by extrarenal losses of
this ion The net effeet 18 n deficst of extracellulir sodim with impaiment of circula~
tory cfficrency and a loss of potassium with ycopardy of sunival by virtue of the key
role of thus cation 1 the structure and function of cells
aE
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Tio 195 Incressep Urinary Excnerion or 17 Kerosterons Dorrng Acbosis
or Coxt
The closed and open circles 1dentify values for 17 hetostero d excret on 1 beslthy
nondiabetic boys and girls respeetively Shaded area encompasses the mazmum and
mimmura values found 1 a group of 12 disbeties m scidosis of coma 5-17 yeus of
age (6¢) Though not shown in abave figure 1 ¢ 17 ketosteroids decreased to the rasge
of control values following recovery

and coma are aggravated by the 11 oxysterords as 1s the mobihization of
fats

10 Electrolyte and Water Transfers During the
Development of Diabetic Acidosis

Dinbetic ketosis or acidosis 1s frequently assoctated with or preceded
by anorexia nausea and vomting This interferes with the mtake of food
and fluids and results in starvation (8a—p) and dehy dratton (9a-¢) which
by themselves produce defieits of body water and clectroly tes In addit mdl
such patients Jose electrolytes and water via vomitus sweat urné nn(
perhaps mnto the gastromtestinal tract if dilatation occurs Tr:msfﬂs;
the chief cations (sodium and potassium) are <ymmarized 10 figure 19
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TABLE 191
Llectrolyte content of gastric secret ons

Electrotyte Concentrat on (mEq /1)

No
S s A A -
m o (min (o
max } mu ) mar ) mar)
Bernstemn (102) | Healthy | Over 50 | 49 16|36
young mght (19 "0) 6-17) [ 25)
adults gastne
AN 41-82] 42 97 | 33
gastric as-59 | 6 13) | (25
Lesser and Pa |Preoppa |Gastne | 9 | €65 | 137 100 6
reira (10b) tients
Langetal (10c) | Peptic ul |Gastne | 72 | 56 126 126
cer (24) (21-82) { (6-26) (76-157)
Gastne Gastne | 48 | 61 10 2 58
cancer @ | 7 25) (39-110)
3)
p Vagot ()] Gastne | 13 { 72 121 56
(32 126)) (5-25) {36-92)
Resections | Gastnic | 40 [ 13 53 98
@) (82 167)| (2 9) (33 142)
“ongastne | Gastnie | 64 | 113 104
pts (31} ($6-117)] (3 15) @t 127)
McGowan  and | Peptic Gustric | 12 | (20-00){ (5-19) | (0-2) |(50-152)
Stanley (10d) ulcer
Lockwood  and | Surg Gastrie 60 4 92 810
Rondall {I10¢) patients (9-116) | (0-32) (8-154)

centrations of sodam and chlonde n gastrie jmee may be as hgh as those
1 extracellular find whereas potassium levels may exceed those n plasma
or scrum concentration by several fold (10a-¢} Though observations
diabette acidosis are scanty, they are in heeping with tl ese values (12)
Furthermore 1t should be noted that the mereased gastric secretion fol
lowing attempts to ngest food and flnds may actually inerease the vol
umes of gastrie sceretions which are lost by subscquent vomiting

2 Urme volumes are greatly increased as a consequence of the hy per
glycerua wath presentation of glucose loads which exceed the normal
reabsorptive capacity of the tubules This results in an osmotic diuresis
wduced by the unresbeorbed glucose withm the lumen of the indisnidual
tubules » hich sw ecps out electroly tes that might othernice be reabsorbed
This relationship 15 clearly shown in correlations of urine flow with eleetro
Ivtes and mtrogen output 1n a group of diabetic children 1n acadosis or coma
13) (figure 19 7) Largc nmounts of bnd) chlonde sodim potasstum
nitrogen, ph and Ik many other constitu
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There 18 o defimite positive corrclation between the urmary output of sod um eod
potassium and of chlonde and potassium when unnary sodim and chionde are
high (a and b of above figures) At low levels of sodium and of chlonde the correlaton
13 much less or absent (figures ¢ and d) (13}

A Electrolyte Losses During the Development of Acdosis

1. Gastric Secretions contain chloride sodium potasswm and s atern
addition to hydrogen 1ons (10a—¢) The losses of the first four of these
create defierts w hich must be replaced from exogenous sources The hydro
gen 10n loss creates no problem and may at first sight be loohed upon 238
benefit sinee 1n uncompensated diabetre aeidosis hy drogen yons are present
1n excess Actually such losses of hydrogen 1ons are promptly replaced
from H,CO; and other sources af the disturbances of anion cation balance
described earlier persist Vomitmg 15 a very common occurrence ab the
onset of acidos:s 1rrespectne of whether 1t represents intrinste gastrom
testmal disease (sce Chapter 24), an intereurrent gastroententis of &
mamfestation of the ketosis acidosts It occurred i more than three Q“‘t’;

3 a result of 1ol o
trie flds of factieg
be scen that con

ﬁw potential magmtude of the electroly te losses a
can be ted from the tron of the gas!
healthy volunteers and patients From table 19 L1t can
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he t m
8) of and beta hydroxy buty ric acid displaces bicarb

b) Ruse m undetermuned acuds as result of reral farlure deerenses bienrbonate
) Depletion of sodiim by external losses and decreascs 1 the osmotic activity of
cell brse are present

of a b ¢ derreases the common Jon
effect (buffer cﬁect! and prrouts greater mmznuon of H:CO, to yiell more H*
1ons and lower pH The orguusm responds hy inereased respiratory output of COs
which decrcised formation of B.CO

The Known and Unknown Physiologic Effects of the Water
and Electrolyte Defierts and the Anion Cation
Disturbances of Diabetic Acidosis

A Metabolie Acrdons

Metabolie gerdosts which becomes uncompensated when the buffering
and adjustinent mechanisms are no longer capable of maintaiming hy dro-
gen concentrations withia norntal himits may produce death However, we
hiave secn a pattent with pH reduced to 69 and many others with pif
valyes of 71,72 who have recovered following adequate therapy (21)

B Vater Deficits

Pure dehydration produces 1 i m latary effi-
clency as evidenced by changes m the bloed pressure ecardrac outpue cir-
culation time, and peripheral reqistance (figure 19 91 (223, b} The<e re-
flect the effects of a deereace sn the wafer of the plasma and of the
extracellular fluid and cells, smee defieits incurred mitially v12 the extra-
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flects the degrees of the pretherapy defiits Results of such studies are guen
in table 19-II and may be summanized as follows {18) 1n terms of each
hilogram of body weight, n reference des ice which 1s essentral 1n view of the
differing ages and sizes of children, deficits range as follows total water
87 to 114 ml and extracellular water 42 to 110 m! per kg, chlonde 25
to95mEq perhg, sodsum 51 to 133 mEq per hg, potassium 491061
mEq per hg, and mtrogen 009 to 09 gm per kg of body weight

It has long been recogmzed that organie acid soluble phosphorus com
pounds are broken down and extensnve defieits of body phasphate develop
n acidosts and comn (I9a—c) The drop mn serum 1norgame phosphorus
may not be evident prior to therapy (202) because of the concomtant
greater defieit of water and because of release of phosphate from eells to
the extracellular fluids prior to exeretion i the urine Hypophosphatemia
then appears quite regularly during therapy with phosphate free solutions
The data of Franks et al indieate approximately 90 per cent retention of
admimistered phosphate during the first 24 hours (20b)

V. Changes in the Anion.Cation Balance of Serum or Plasma
m Cellular Fluids in Diabetic Coma

As pointed out m Chapter 17 the asecumulation of antons, the external
losses and internal transfers of electrolytes, and the brearbonate and other
buffer changes w hich occur 1 acidosis and coma produce profound changes
n the anlon-cation pattern of the scrum

The accumulation of excesses of hetone bodies 1n body fluids as & can
sequence of overmobilization of fats hag al<o been mentioned These eust
1 body fluids as antons, 2 ¢ negatively charged 1ons As the ketone bodues
the norganie phosphates and other amons ncrease i concentration, b
carbonate decreases and & metabolic acrdosis results with an merease 1t
hydrogen 10ns v1a the common 10n effect described 1n Chapter 17 This
becomes mtensified as sodium 15 lost via vomtus urine or other routes
and transferred nto cells as a consequence of the acidosis or cannc;hm;
with losses of ccll potasstum (9b, 20a) The resultant decreased lewbﬂ ]?c
sodwm bring about a further decline i biearbonate Hence the meta Dnd
acidosts of diabetes 1s a result of mereases m anions (ketone bod:;e; a
phosphate) and a loss of the chief cation (sodum) {sce figure 19 ) s

When the body buffer systems and the sentilatory and renal resg“Km
are no longer able to compensate fully for the metabolic amdul\ryﬂpm
maul breathing appears The deep breathing produces a st‘rbun;ar.ﬂ s
tory alkalosis which increases the loss of COz from the othyc' g
Peo, , diminishes HoCO; formation and thereby decreases

10n concentrations
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C Sodwm and Chlonde Deficits

Abrupt removal of cxtracellular sodmm end chlonde i sufficient
amounts by one of 4 variety of techmques produces prompt circulatory
collapse akin to the shack scen after massive trauma, burns, or hemorrhage
(22a, 23b-h) This 19 1llustrated 1n figure 19-10 taken from studies by the
author and his colleagues Hence defierits of sodum and chloride of the
type which occur in digbetic acidosts and coma predispose to or precip-
tate a decrease 1n cardiac output, m blood pressure, and m errculation
rate This 13 supported by our finding of a high meidence of hypotension
1 correlation with hyponatremia 1n the 188 cases of disbetic coma eited
earlier (11}

1t should be kept 1n mind that 1t 13 the absolute defieit as well as the con-
centration deficit of sodium and chloride that 1s important in the geneuis
of this errculatory collapse <ince rarung the concentratrons back to nor-
mal, nithout restoring the total amount of these electrolytes, has no bene-
ficral effect, upon the cireulatory callapee (24) (figure 19 11)

D Potassium Deficrts

It 15 well to point out that defieits of the total amount of bedy potassium
can and do cocust with elesated or normal concentrations of this 1on mn

oy ” .

~120: .

o
}-lu \/o\. A Mean Arteriol Presturs

A Clrculation Time

A Cirgulating Plasma Proteln
AE ] Fluid Volume

———

Q- A Total Body Chloride
.

A Plasma Yolume

A Cardiae OQutput

o 40 as
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Fta 1910 Srorraes or Bovy Frum asp Cinctratony Crraners 1v ACTTE EXPERnmEsTaL
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‘The removal of extracellular electrolytes and of godim and chionde 1n particular

produces prompt circulatory collapse which 19 etall present at the end of 5 hours of
obsenstion (22a)
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Closed aircles and clo<ed triangles sdentrfy ammals depleted of extracellular electro-
lytes by the Darrow-Yannet techmque, open rarcles represent water depletion pro-
duced by urea diress Losses of extracellular electrolytes regularly prolong the exey
lation time lower the blood pressure, and decrease the cardiag output In walet
depletion exrculatory cfficency 1s well mamtained (22a)

cellular find are ultimately distributed through all of the fimd comparl
ments This 1s a consequence of the permeability of all body flud epacest0
water and the prompt movement of water from one compartment 10
another 1n response to changes 1n osmotic prescure differences This su[l:
Ject has been discussed 1 detail elsewhere by Elkinton and Danorwsl ;
(22b) With progressive dehydration, deficits of water within the cell; o
the nervous system become critical and respirations cease at 8 tume when
the errculation 15 stifl well-mamtamned (23a)

However 1n the diabetic in coma the above terminal event does n;;\;-'“n
ally supervene because ¢ritical defieats of electrolytes develop m addio
to the water defiaits and preeypitate eirculatory collapse
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L Electrocardiographic and Other Effects of Potassium Disturb-
ances Encountered 1n Diabetic Coma. When the potassium levels are
low 1 ext llular fluid, elect hic changes ting of flat-
tening of the T nave and the so ecalled prolongation of the Q-T intersal
frequently appear (26a~c} In addition such patients may at times develop
marked weakness or flaceid paralysis of the voluntary musculature (26b,
27) The frequeney of these two phenomena 1s conditioned, however, by
changes in other electrolytes (thus low calcium levels eancel the effects of
low pot: levels on the elect: it ) (28a-d) and by other
factors We have seen only one unequn ocal mstance of faccid paralysis
m actdosis or coma tn children It should be pointed out that speaific weah-
ness present on this basts nught well be mashed by the general prostration,
debility and inability of the coma patient to cooperate

Patients with deficits of potassium who have elevated extracellular con
centrations of this ton will show 1n varying degree the CCG evidence of
potaserum cardiotovieity first described by Winkler, Hoff and Smith (29a)
These are usually limited to peaking of the T-nave though nses will m-
duce the well-known though vartable sequence of loss of P waves, pro
longation and distuption of the QRS complex and cardac standstil at
levels approvimately threefold above normal (29b), 1e around 12 mEq
per liter Such patients may presumably also show flaceid paralyses of
the type desenibed with hyperkalemia 1n renal failure (26b), though no
such specific 1nstance has been reported

The defieits of cell potassum whieh occur 1n diabetic acidosis may pro-
duce cellular necrosis of the type described in the heart and in sheletal
muscles on potassium-free regimens (30a, b} Since cellular integnty 1s
thereby destroyed function and survival are jeopardized Esidenceisavail-
able that death may ensue 1n patients as a consequence of potasaium defi
ats, even though the patient 1s othersise recovering successfully from
coma (30ch

E Phosphate and Magnesium Deficits
Though there 1s good cvidence that these rons are lost in Jarge amounts
during drabetic coma, there 15 a3 3 et no definite esidence that these repre-

sent speaific hazards of the type seen wath water, sodwm, or potassum
depletion

F The Unidentified Deficiencies

It1s alnays well to remember that avalability of the necessary analytie
technrques plus knowledge of the effects of certan defieits tends to over-
emphasize their relative importance i dibetic coma Howeser, the ¢o
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Restoration of concentrations by urea induced dwres:s only resulted 1 ﬁlm.h!:
errculatory detenioration Glucose solutions restored extracellulir water and p ’l:‘
volumes (3 ECW and A Plasma Vol) with some improyement in cardiac mdex” t:nng
lation time and blood pressure Improvement was most marhed however &) oﬂn
salme replacement which restored both the concentration and the volume of the e
cellulr fluids (24)

serum This 15 clearly evident from the repletion studies m children fraer;
this laboratory referred to earlier (171 20a) All of the children re(a:b
potassum yet serum potassium levels were elevated i only a mm:’ o
within normal 1 most and below normal in only a fen of the pate

he actusl
o T 65 e ey o o b 0 2
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of renal failure 1n the adult group
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exstence of other changes, at present unrecognized, may be equally erucaf
m terms of survival

Sumumary

The decrease in carbohydrate utihzation 1n diabette acidoss 18 ar
) d by d gl and decreased proteogenesis and
lipogenesis There 18 evidence of imncreased adrenocortieal activity {urary
17-hetosterord output and serum corticord lovels rse) which mereases
gluconeogenes:s from ammo ncrds and further accentuates the negatne
balances of mtrogen and the mobilization of fat attendant upon the seidoss
and the starvation Presumably the adrenocortical oxysteraids further
mterfere with the peripheral action of insulin though they may stil fa
ehitate liver glycogenation under the conditions of hetous and acdoas
Defieits of body water are incurred duning the deyelopment of andess
and coma as 2 consequenee of madequate intake resulting from anoreva
nauses, and voomting, and an inereased output of water during cmess
overbreathing, and polyuria Sodwm and chlornsde depletion deselops
through losses of these 10ns m gastric secretions and urine Interruption of
carbohydrate metabolism, liver glycogen depletion, cellular dehydration
and starvation all lead to negative balances of body potassium though
the level of extracellular potassium 13 determined by the external and o
ternal transfers of potassium 1n relationship to the defiest of body water
In contrast to the disturbances 1n water, sodim chlorrde and potassum
metabolism, fosses of phosphate, magnesium and other eonstituents have
not thus far been shown to haye phy «10logie concomitnnts
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CHAPTER 20
Therapy of Diabetic Acidosis and Coma

From the discussion n the preceding chapter 1t will be recalled that i
acidosis and 1n comn there occurs a decrease mn carbohydrate utilization
with & shift to fat metaboliem, loss of body protein, accumulation of
ketone bodies, hyperglycerma, glycosuna, and hetonuria with mereasce
urinary output of water and electrolytes, dehydration with extracellular
and eellular electrolyte deficits as a consequence of renal and extrarena
losses, disturbance of the anton-cation pattern with possibly a drop 1n the
pH of body fluids and finally, circulatory deterioration Therapy consists
of the administration of msulin and, Iater, of glucose, replacement of water
and electroly te deficits, infusion of colloid solutions to restore crreulatory
efficreney , and, finally, resumption of oral mtake and a full diabetre diet
Tn the course of these procedures any mtercurrent or ascociated discase
process should be treated and hypogly cemea, excessive amounts of water
and clectrolytes, 1atrogenic alkalosis, and recurrence of vomiting are to be
avoided

L The Use of Insulin in Diabetic Acldosis and Coma

The sine qua non of the therapy of neidosis and coma 1s the admimstra
tion of rapid acting insulinin adequate amounts If the diagnosts 1s certain
the first dose should be admimstered by the physician or family prior to
transferring the patient to the hospital This and other pertinent aspeets
of therapy are summarized 1n table 20-1

A Inthe Early Hours of Therapy

Upon adnus<ion, f treatment has not been started earlier, 100 or 50 umts
of 1nsubin are myected 1 part subcutaneously and 1n part intravenoush
while blood 18 withdrawn for analyscs and infustons of saline or other
sodium <alts and of colloid solutions are begun The mtravenous route
obviates delay resulting from slow aborption, the losses of part of the
tatras enous nsulin 1 urme are replaced tn subsequent therapy and are
therefore of no conscquence {la—c} At the end of the first hour further
amounts of msulin arc given If the patient 1s 1 severe com=, and the
hvpergly cemia 13 between 400 or 800 mg per cent, 100 or 50 units are agam
tnjected In the milder ea<es and especially i young children 35 umits are

363
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TABLE 20 1
Qutline of Therapy of Diabetre Acidosss or Coma

A Nothung per os, collect all unne, measure intake and output, obtaa sample of
venous blood 1 oxalate for measurement of whole blood NPN and blood sugar
and under ol for determination of total CO, content, pH, and levels of chlo

= dn ond e nabags = andoba o £ -1 D

ured

B Immediste adminstration of rapd acting insulin (even before admission 1o the
hospital) by vein and subeutaneously 100 or 50 umts at zero time aod re
peated at 1, 2, 3 hours at the same or at & reduced dosage dependiog on the re-
sults of blood and serum analyses, s ¢ , greater smounts of 1nsulin to be given
the lugher the blood sugar, the greater the decrease in serum total CO; content

and pH

C Immediate admimstration of 0 9 per cent sodium chlonde or sumlar solutionsby
vemn heeping ¢ mind body weight differences (table 20-IV) and the recom
mended ceiling values for rates of admmistration (table 20 IIT) Alkshnising
solutions (NaHCO4 or Na lactate) are reserved for senously ilt pstients with
sigmificant decreases i pH, smince they depnve the chmeian of the serum
total COs content as an index of improvement and expose the patient tow
advertent alkalosis

D Routsne infusion of dextran 1n saline, of plasms, or ather colloid solutions to kelp
combat the salt depletion shock which may be present even though evidences
of obvious cireulatory collapse are lacking

E Repest blood sampling at 3 or 4 hours and seral analy ses of all urine for sugarand
ketone bodies 58 guide to further insulin therapy 1f blood sugar is decressing
and serum CO; content and pH are nsing insulin dosage 19 decreased to 25 units
or less at 1ntervals of two hours

P PRI AT n kA ee af fper

-

tions (pesking of T wave, 10ss of P wave, and disruption of (b eomplex s
¢ate potassium intoxieation) should be kept 1n mind
G Glucose or fructose 1nfusions, 5 to 10 per cent 1 water, with or without b;ﬁﬂ:i
potassium phosphate should be started once blood eugar begins 10} -
earlier 1n patients with only shight hyperglycems to avoid hypoglyee!
dunng recovery "
H Resumption of oral intake after six to 12 hours of therapy when ov;:b:::":"‘;
has ceased, consciousness has returned, and patient can yetam ﬂml ey
sugar, ginger ale, mik, etc Continue infusions at a slow rate until p
of vorting has passed h
1 Repeat blood and serum analyses at 12 and 24 hoursand p 7 0 ?;d E‘ﬁ:‘:}";ﬁm
niduahization of therapy, s ¢ extra glucose m hypoglycema, addity
sium 1n persistent hypokalemia, ete
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sdequate Duriag the third and fourth hours 25 to 35 umts sre given each
ume

B Recovery and Other Indicesin Determming Subsequent Insulin Dosage

At the end of the fourth hour blood sugar serum COy , other electrolyte,
and ketone levels are obtamned as a gude to further msulin admunsstration.
1f the pstient 13 responding successfully to therapy, te the blood sugar
has begun to decline and a nse 13 evident 1 the CO; content, the dosage
of the harmone 18 reduced to 15 or 20 umts sud the mterval between mjec
tians lengthened to two hours The therapist 18 supported in these decisions
by ehimeal o3 sdences of recovery such as restoration of conserousness and
decrease m overbreathing Otherwise the larger amounts used earher are
repeated ustil the vanous {avorable signe appear AL s pontat s use
ally neceseary and wise for reasons presented in section 111 to stard the
parenteral admmstration of glutose or fructose solubions i volumes
suffictent €0 provide 20 to 30 gm of carbobydrate each hour These should
be continued beyond the pant of initial resumption of oral earbohy drate
wntake, since some of the patients may subsequently vomt

At the end of 18 to 22 hours of parenteral t] erapy the mvuim docage
aversged 78 to 1569 umts m our 0~4 48 8-12 12 16 year old groups
adautted with imbial serum total COy content reduced to 10 mEq per

Iiter of less {sce table 20 11} (22 ¢) This 15 Jess than the 275 umts ad
mustered to a group of adults over the same persod of fime (3) It mus®
be emphiouzed honever that bers of esther group may need amounte
much fe<s or much greater than €he recorded average Finally some patrents
who desclop msubn resistance may require buge amounts of msulis, T~
tq 56 000 umits {4a-¢) Fruetose therapy inodentally does not reduce £
requirement 1n such cases (4f g)

1 Insulin Ressstance Llectrophorctic studies i a few such patizs
with msulin reustance have revealed high levels of gamms globulz. =
soctated with a rvduclxon m thc hypogiycemic ac!mn ui msubn M4~
Therzpy with ACTH derreased the hy it PR
resistanee to insulin 1t s not possible to state ab this time that £2 4
the sole mechanism of msubp rewistance ard that explanations & vz
m the past suth a3 mmbndy formation excessive msulinase

P resenes, ete are to be L

{4k-u}

C Danger of Hypoglycema as Recovery Progresses

Particular care must be taken to avoid msulm hypogly cemr goms weme
with short acting insubin choeks may oecur many hours afr s, .
the larrer deses of the hormone The by noglveomia 198 mas ee v



TABLE 20 II
Summary of Therapy 1n Diabetrc Acidosts and Coma 11 Jutensle Diaby
eltes Admitted
with Serum Total €O Content of 0-10, and 10 1-15 mEg per Later (2c)m' ‘

o e R b Aversge Therupy
ears | years
Insuln units
0-10mEq/L | 04 § 22] 22 |25 85
group 4s | 64 14 |204 88
5-12| 99| 31 Jeoo2 146 4
12116 | 138 ] 45 156 155 6
101-15 o4 [ 26 6| 82 417
mEq /L 4-8 | 60 8 f264 ns
group s-12] 98| 12 151 688
1216 (186 5 {137 434
NaCl gm
0-10mEq/L | 0~ [ 21| 20 {222 97 (167mBq Na, 167 mEq C)
group 45 | 82 13 l212{ 141 (23 mlq Na, 23mEq O
e120100} 34 {104 132228 mlq Na, 225 mEq O
12-16 |13 9| 44 |16 3 ( 17 2 (207 mEq Na, 207 mEq €
101-15 04 | 26] 5| 81| 68117 mlq Na, 17 mEq O
mEq /L 148 [ 63] 10 [170( 94 (162mhq Na, 162 ml'q C)
group 812101 12 {158 142 (25 mEq Na, 23 miq ©)
1246 (130 5 [136( 94 (162 mEq Na, 162mFq OO
Water Iiters
0-10mEq/L | 04 | 21[ 21 [m6 21
group 48 | 621 14 l209 28
s1zl100! 35 190 29
12-16 [139 | 44 |163 32
101-15 04 | 26| 5| 81 14
mEq /I: +8 | 63) 10 |170 25
group s-12/101| 12 [158 27
12416 (130 5 {136 22
Glucose gm
0-10mEq/L | 04 [ 21] 21 [2186 7
group 148 | 62| 14 |209 1029
812(100| 35 |190 151 4
1226 (139 43 163 us
10 1-15 ot | 30| 4] 91 52
raEq /L 48 [ 67] 8 191 1044
group s12|101] 10 181 156 8
1246 (130 5 [136 82
Potassium mEq
0-10 mEq /L o~ | 23| 9 (=28 53
group +8 [ T4{ 5 (301 &
sazf101f 18 |222 73
12216 [142| 18 | 199 i
10115 os | 25 1 ]105 60
mEq /L 28 | 801 1 ]100 15
gronp s12| 97 4 |212 82
126 1ol 1 _5’5_‘_’___"“’__’_4_,_

—_
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TABLE 20 11 {Cantinued)

J sy P st e 5 engeTherpy
years | years mEq
1 hoephate ‘

0-10 mEq /1 04 23 7 {1886 5113
group 8 | T3 ¢ |26 0
812300 18 {223 e

218141 17 193 60 6

10115 04 24 1 108 600
miq /I 3-8 8¢ H 1 %0 150
group 812 97 4 12 825

betwcon the twelfth and tuenty fourth hous of therapy (2¢ 3) Another
measurement of blood sugar €O, content hetone potassium and other
elestrolyte levels should be made ot the tnelfth hour as o further guide to
therapy The hypoglycenna 13 not to be prevented by restriction of insulin
m the early periods but rather by adequate coverage with earbobydrate in
the dater hours Agan sole rehance upon an gral mntake may prove danger-
ous emee vomiting and delays sn assimlation do oceur Parfrcular care
must be taken to assure communtcation by the nurse of Anouledge of ony
wnterference with wtahe to the physician wn charge day or mght

As wnculin therapy proses successful the uninary ketone bodies dechine
progressnely though glycosurss remams profuse Though m some pr
tients acetone and direetic acid may disappear by the tenth hour 11 others
ketosis w13l be evident for as long 28 twe days (table 20-\ ) Once the pr
tient 13 cont alescent from seidosts and comn and this usully oceurs the
day after admmssion the pre-comn amotuats and forms of msulin are o
emmed but these may have to be supplemented several times a day in
accardance with th e results of blood sugar and hetone and urinary hetone
and sugar levels

1 The Administiration of Solutions of Sodinm Salts

The pravision of an adequate sntahe of sodium and water will largely
remedy the tirculatory eollapee resulting from sodium depletion and de
hydeation {3 51-¢) and provide water for adequate renal carrection of the
ey Yous whick occurs secondary to the accumulabion of unmessured anons
and the loss of <odium For this purpese B9 per cent sodm chlorsde 1
sater {table 20 1) 045 per cent sodmm chlonde 1n five per cent glucase
«ne sxth meler s lactate <odsum bicasbonate or Ranpers lactate
ave usually been emplayed There are adsantsges and dssadvantages to
all of these and to semedy the Iatter a number of other preparations, such
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as Darrow’s (6a, b), Butler's (6c~f) and Talbot’s (6g, h) soluta
those suggested by Elhinton and Tarail (61, ) are availsble

A The Virtues and Lumatations of “Phystologic” and of Diluted §

Sodium chlortde, 09 per cent, 15 readily available and can be usec
beginming of replemshment since defieits of these two 10ns devell
currently in acidosts and coma However, the onesto one ratio of t
108 18 unphysiologie, since within the body the sodm and chlor
present in the proportion of approuimately three to two This pres
additional load of chlonide for unnary excretion and, 1f renal and ex
capacity proves inadequate, the excess amon will result in an
chloreme acydosis supermmposed upon the pre existing metabolic s
(7} Furthermore the high level of the two 10ns 1n 09 per cent
154 mEq per hter, does not provide adequate volumes of water
pletion and for urmary excretion Hence, 1t 13 well to limt the use
per cent sale to the imtial phase of therapy, admimstering one
Iiters to the teenage or young adult diabetic Then an 1 ptro ort
muxture of hypotonte saline 13 used, 1e 045 per cent salme 1 5 pr
glucose, or 5 per cent glucose 1n water 15 adminstered concurrent];
09 per cent saline, or one of the pediatric hypotome solutins esn b
The one-half strength saline 1 5 per cent glucose, the other kyp
fluids, or 5 per cent glucose should not be used, however, as the
flud mince 1t will further ditute the depleted sodum stores mtro
thereby the hazard of water intovieation and convulsions and cont
a carhohydrate load before utilization of glucose 13 restored The
dosage of sodium and of chloride 1ons 1 the first 24 hours of ther
the Pittsburgh series 1s shown in table 20-11

B The Use of Sodwm Lactate and of Ringer’s Lactate

The use of one-sixth molar lactate or equivalent amounts of bicatt
produces prompt correction of the acidosis and enhances the ach
insulin (83-¢) but fails to provide chloride and water These sob
also deprive the physician of one of the nsefu) andices of recovery, s
rise 1 serum total CO, content which occurs as sodum levels are Tet
and ketone hodies are cleatea from the body fluds (figure 20 11
over, a real hazard 13 present m that n therspy-mduced slkalons
suddenly replace the metabolic acidosi {8d-g) Tt 1s troc ‘uhlscoﬂ
avorded by senial measurements of pH along with serum total b’
tent, but 1t further compheates therapy Hence the use of bxcnr;
or one sixth molar lnctate should be reserved for the severely sl pa

1n whom marked lowenng of pH 1s present and in those with reval
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tion fnedequate for clearance of ketone bothes In some ¢linics, however,
these 8alts are employed routmely by vein or by gavsge followsng sspira-
tion of stam:kch contents (Ja~g) We have never used the Jatter procedure
B;l' euon {2 soverely ill cama paticnts with marked lowering
o

. . © T mine Jess
elloride. This meets Uiy oo, . ' s but
unless used 1 conjunction with 5 per cent guutow. per-
mit ad 3 tion It also feres with the vse of the serum CO;
a3 an index of recovery, The small amounts of patassium and ealeum ions
:in this solution (four milliequivalents per liter of each) cannot replenish

eficits.

€ Relance on Hypatonic Solutions of Sodwm tn 3fid Acidase

The ditute salutions proposed by Butler and Talbot (6c-h) represent
» eompromise between prompt replacement of soditm and ehloride defieats
snd the obvious need for water The othet electrolytes {potassium, calcium,
magnesium, and phosphate) are present in amounts sufficieat to cancel
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TABLE 20 I1L
Homeostatre limuts tn parenteral flind therapy
Floor Ceing
_— ]
Glucase {(gm /sq m /2¢ hr) 75 350
Sadwm (mLq /sq m /24 hr) 1o 25
Potassiuim (mEq /sq m /24 hr) 1o 25
Phosphorus (gm /sq m /24 br) 03 20
Water (ce /m osm solute) [ g 00
TABLE 20 1V
Approztmale relationships of body werght
Body Weight Surlace Area
ke ® Stm
2 ™ 44 15
5 uo 25
10 20 45
15 30 €
20 410 8
] 66 0 105
40 80 13

moderate deficits They can be employed to advantage i mild sedosis
The “floor” and “cerling” values for rates of water and electrolyte ad
mumstration advoeated by these workers (table 20-111), and the susface
area conversion (table 20 IV), provide s useful guide to volumes to be
employed, but 1t must be remembered that pre exsting defieits and een
tinued urinary losses rarse the mmimal value while errculatory and renal

discases lower the ceiling

D Use of More Concentrated Solutions of Sodwum and Polassunt ¥
Later Phases of Treatment

The solutsons suggested by Elkmton and Taral {By, 1) provide for the

1 lensshment of pot and henee should be used 1 the

1 exreumstances when potas@

1mtial phase of therapy only under speein
ntoxication 18 not & danger
The 24 hour mput of all fluds 10 our pediatre acidosis and coma genes
of cases falls withwn the ceiling linmt (table 20-11) :
In esscnee therefore we feel that 1t 1s best to rely on 09 per cent sclt ;‘1:
at the start of therapy and then shift to hypotonic salime ot one of (h;iﬂo .
mixtures cnee the deficits are partially replaced Semal sodium and chlor
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vahies 1n serdosis and coma under such therapy are shown i figures 20 2
and 203 Under tins scheme the needs for other eonstituents suck as
water, glucose, potassmam, and phosphate are met tndssidually at the
optamal ponts during therapy

o 4 8§ 7w W 2 3 m 3 W & 52 %4
noves
Fin 202 Cyirances 3> Beavs Soonrss Dimine Tineasey op Jusgnar Acmwosts or Cous
v Pamens ApwirTen Wz Senew CO; Contint or 10 wEi #58 Liter or Lres

8 4 s 1 W P ¢ m ;o M o« @ uon

1123 Lnaver s s Sencs Cutowror Dering TRy or Joxesttr Aava 1a on Cowy

o Parrrs Avutrren Wren Sexe COy Coreeror 10 w14 268 Lives ok Levg
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111, The Need for Glucose and Other Monosaccharides
in Aqg (Non-Saline) Soluti
As ndicated 1 Chapter 18, 1t 13 now generally agreed that ssfe and
adequate therapy of diabetic acidosmis mecludes the use of glucose or
fructose (table 20-II) At one time 1t was argued that such pattents al
ready have a plethors of sugar and that additional amounts result m
increased water and electrolyte losses, crrculatory collapse, and ever
death (9b, 8f,10a~h) The first of these arguments 1s of hittle moment sice
the patient 1s already recetving replacement amounts of water and of the
chief 1003, and henee a little more will readily cover the additional urmary
losses 1f they do accur The sccond reason formerly advanced agamst
glucose admimstration was based on the observation that patients re
ceving glucose and water died (10a) At that time it was not appreciatea
that this was not attributable to the use of this particular selution but
rather that the patient was simultancously depraved of replaccment elec
trolytes and the subcutancous admimstration of glucose 1n water only
further aggravated the clectrolyte depletion by <equesterng sodim anc
chloride (101) Circulatory collapse was therchy precipitated or aggrs
vated Tlns latter effect 15 clearly demonstrated 1o figures 19 9 and 1910
1 Chapter 19, based on studics in ammals and 1n humans These Jactt
are now generally recognized (8g, 10j—r} and the workers who imbially op
posed the use of glucose now employ 1t routinely once the blood suga
has begun to decrease There are several cogent arguments for the ad
mmstration of glucose

A Arguments for the Use of Glucase or Fructose

1. Deficiency of Carhohydrate Stores in Coma First, the paticnts
carbohydrate stores are greatly depleted despte the hyperglycema The
glycogen 1n I cr, muscles, and presumably other tissues 1s greatly d‘mmcl
1shed 1n acidosis (11a) The sugar m blood and in the extracellulsr fux
(glucose 15 Inrgely exeluded from cells 1n aerdosts (10q) because the “s:hac
processes of disposal, z¢ glyeoly <1s, gly cogenation, and cataboltsm via "
hexose monophosphate shunt are not operative) are limited i amount '
Thue even with bload sugars of 700 mg the total amount of ‘sugarnmu

t

1
whereas 1t 15 actually less becwuse of dehydrition Lim aswe
prove wocfully madeqi’ntc s substrate once the usual or uccelﬂ;itd Tates
of msulin action and earbohydrate metabohsm are re cst’xbhshel -

2 Hyperglycenua ns a Foeihtator of Glucose stpuwm«;me o
there 18 ample esidence that hyperglycera alone or 1n :‘h: 2 " ar
insulin mids the disposal of earbohydrate via the metabohe P



THFRAPY OF DIABLTIC ACIDOSIS AND COM& 373

cited earher (11b) T4 aceelerates gly coly sis, facthtates regly cogenation of
the Iiver, and nereases the rate of use 113 the monophosphate shunt. This
benefiesat offoet enn be looked upon as snother mansfestation of the law of
mass action, te within certan parameters increasing the concentration
of one of the partieipants m a scaction inercases the rate of the reaction
Replemsshment of Iser glycogen 1 turn eneels excessive hetone body
production {11c)

3. The Prevention of Insulin Shoch. Third, the danger of hypogly-
cenma ya very real during the recol ecy phase of seidasys In our prevsous se-
ries of 188 patrents (3} hypoghy cemaa or clintes] shoching oceursed 1ns 20 per
cent of the fatal cases betwcen the twellth and twenty-fourth hour esen
though the treatment regimen ealed for glueose In these mstances how
ever, the presenphion was net eirmed out beeause of tonuting, miunon
difficulty or mssunderstanding Tn the bast regard particular care must be
tahen to alert the nursing personnel to notifv the phy serwn in charge when
carhohy drate #s not bong recenved even though this means interruption of
steep after a busy mplt or day The hiypogly comsin reuits of course from
the aeetlerabion of earbolydrate dispasal Ly the neulin gven m the ear
tier hiours of therapy oven though the dossge ss later drastically reduced

For these v arious rersaons glucose shiould be <tarted as soon a~ the blood
sugar beging to fall, t ¢ sbout the third or fourth hour In some pitients
6 whom admsesson blood sugars are low 1€ below 300 mg per cent, 1t
enn be started as <oon as this faet s known Olnaously there will be patients
n whor the seeponse to theraps 14 not adequate and glucose 15 not begun
until fater The total glucese smput in our series of acdo-ss snd com
patients 1s shewn in table 20 I1

B The Value of Fructose and Fructose and Glucose

Severat arguments have been ndvanced for the uee of fruetose or invert
sugar {equal parta of glucose and fructose) o place of glacose (12+-h)
The fructose can enter the glycolytie cyele without the mtervention of
meulim 1t forms gly cogen more s adils and the renal tubules ean reaborb
fruetose ndependent of ther maxmal eapacity to reabsor glucose This
fast fnetor mimmizes gls cocuria The net gun 1o carbohy drate metabolism
s1th the use of fructase 1s mited hosever by the fact that anhy 20 per
cent ot less of tins sugar cecapes com eraon 1o placose Vis the Embden-
Meyerhof Parnas pathway tsoe Chapter 1)

€ Types of Glueoxe and Fructose Solutions

The glueace or {risctose can be grvon a9 a 5 per cont salution 1n normal
aline by vew or by hypodermorh<is, a3 5 per cent ghicose or fructose m
O 43 per eent <aline by 1oin, or as a 5 or 10 per eent solution m s ater by ven
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The latter two solutions must not be given subcutaneously when salt de
pletion shock 15 still a danger, even 1f combined with hyaluremdace Tt
should be remembered that 1f the 09 per cent salne solutions of these
sugars are used there 1s no provision for replacement of body water

IV. Therapy with P and with Phospt

It has been mdreated i the previous chapter that deficits of body potas
sium are meurred m drabetic ketosis by virtue of external losses 1n urine
and vomttus during periods of inadequate or absent mtake (22 b 13a h}
Though the immediate source of this negative balance 1s the extracellular
flurd the ultmate origin s largely cellular Known factors leadmg to
los<es of this electroly te from eells mclude starvation with protein break
down dehydration deglycogenation and interruption of carbohydrate
metabolism (<ee figure 19 6) (21 b 1da—¢) There are undoubtedly other
as yet umdentified causes The net effect 13 a loss of t11s key component of
cells 1n amounts w hich ultimately become crucial and jeopardize funetion
and strueture with evidence of cell necrous It has already been powted
out that hyperkalemia may mask the cxistence of such defierts erther
because the loss of water 1s greater or beeause the movements of potassum
from cells nto the extracellular flud exceed the rate at whieh it 18 bong
lost to the external environment The latter 1s particularly apt to be true

R
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wopiticnts who hise b o untreatid for many hours ard an those i
dovedop renat futare In chaddeos or i adisdts sho ar a bt tad prompt]
after an~ct of ada=1y or coutt scrum foveds mes be norsad or low {
fisire 16 B 10 { hapter 185 The averize do-ige of potassmm qon n tl
first 24 biours of 1herspy of our ~traes of elalidren i aodoas and comys
shown n tibile 20 1 and the roaulte of sl mssurements of o
potsnum e abnstrated o figase 2044 The deetroe sechograpbe cing
g gkt stk hypohaltany and asetnated dnecioaad deturhane
ure shown n fignre 20 5

In the et af phospliate the stary is somes bt Joss complote Bt st
e=tablishid that mterruption of earbolnvdrate mctabotism wd saeda-zs
b dc st the swolated blood ool svstum - weompamed v conversion
orgame phosphates moeddls ito snosganre pho-ph st~ pertascs m tl
oxtradhiar oveds of Qe Datter and norhad phosphaturia 21948 T
s org yme phosphoriss changes whick acenr during e rapy a7t show
w figure 20 4

§ The Suneltancans Reparr of Potassowi an | Phosy hurws Drefiats

Fhest Jo ses of body prot ssum und pho phorus showld b vepluod wn
defiats of the former at fent have beon e-ponstbie for a faital outcon
woothsrsss wlequtedy treated patiate 11300 The miuson of buffer
pot v phosphate (RH PO, and K 13P0O0 shoudd be de ferred hoy
e3er untalat 2v ot hlishedt g} that rens) output 15 good and function
whegttste and 15y that srem pot asepum loveds have deerc wed to or ek
wornt d The dnger 15 of courst potasaum mioue o e phopli
m tht e amounts s no apccifie tavests Thic hught of the T-savem ke
H ean b used for 1oudy detectian of teae bovdds af poteenno o walss
B flame pliotameter 1 not av ubible stuthes of hoth pot et wd phn
e Jovds ravcdd thiat m the patunts who arc neeponding st icton
the o conntrations of thes wans fail ta or bolas norm ik fter tso
faur bours of therapy 1hine at the (nd of ths mten 0 mlq 16 3
4 g of the baifered pot s phosph dy ean e maen > dedy by nfus
05 pur sent glucos o the course af 1o 2 hours to chldron abosc Tsg
of gge and to adulte Tins amount of gnen slowh <houl i ot produc
severable ewdiotaviaty s dthor group of pstiinte Vdmmetration oy
the reeommended period provides wargs of =tfots w ot trnnefers sn
eells or ta the esteror as well s e Gpanstn of the bodh Baned= will mae
var ke T 1n potasstam

Il total amonnt of patwsiam to b usod 1 24 fiours ean b estimt st
from the studses of defiests 1p chuldren and adults 121 b 164 i The
sange from 32 6 187 wl'g per kg of bods werght teed table 18U
Chapter 191 3 54 not neee « 1, howerer ot Lo replice dl of t
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T 9 8ycar-old 11 le d Fetic (D K ) was admtted mcaom:lm::;zl‘:nd eereasn
to treatment w th tle charactenstic rve 1 serum total ¢ :m e . the serum
n pota sum Taurteen 1o wes after adim ssion t] e serum potass
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o & % @ 6 20 24w 32 3 & 44 4

WS
Fr 2040 Drengregs v Srava Doee vie Proseiore s DORING Thrrary oF Ditgerie
Acrvosts tv Partenrs Dvreria Hoservat surst Seacow Tora, O, Content
Repycen 10 10 mEq pew Leren o8 Less (2¢)

unounts i the first day Once oralintale has been started frut jutees and
other beverages, potassum salts by mouth, 10 gm ¢lery 4 hours and
witimately foods will perimt replentshrent over & pertod of days An ex-
ample of 2 balance <tudy dunng a bout of acidesis m ane of our jurenile
deshoties treated m aceord with this outhne rs shown in figure 20 7 (24)
1t should bz poanted out however that not al} workers feef equally strongly
about paventeral potassum therapy Hartmann ¢t al (16¢) have empha
szod for example that recavery 13 0 prompt that oral intake can be ox-
peeted to make up the defieits

ioind Oy content was 10 cttoande way 107 and sodmm wss 198 mEn per lter
The sertsn ealenm and morgame phoephorus were 102 and 125 mg per cont o
speetvedy The efectrocarhogram taken at this bime {series 8 10 shase) shosed A mtn
of 16 QRS of D12 «ce QT of 032 eov anl QTe of 049 mc Buprientnouler
tiehseinhin was present wath § robal Ie podal dnthm an § nanderng peecroaler The
T wores were troad and fat m I a¥e &V and V218 BT way depreaserd ani T
dwveste L 3 and 113

Tso duvs feler affer serum b was 42 mPq ani alf otfer §igchemical st nor-
miltics hat clovred the T'CQ ehawed sinus mechanms & redaction of e QRS
iters1l1n 067 soc An 1 revcrson of the & segments 1o normal conf guration
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Diobete Acdoss (D C) E

Belore
Serum HCO} 5 No =123

conc ] 90 K = 65 1
mepe 1 Na-[Hco,» c] 28 H
Blood sugar = 582 NPN =65 mg% !
Therapy for 3 doys
Insuln 1sotonc NaGl ond 10% glucose tv  KGI n mik po
Exthanges H,0 LR No K
Given 126 s 1600 maq 1163 meg 616 no
Excreted 15 1527 897 414
Refaned £ 03 73 146 -
Retaned I -3 « 120 221
.“_" I= e a1} j 150
oo, 29 Mg 13e [~ | o
¢l 98 K« 4} * 50
Na - [Hoo,+ ] 12 “zg L. J o

Sugor 187 NPN = 37 e R N R
Interpretat on Clg and Nag retoned wthout HtO ketoss  dmnshed ond
HCO, increosed No os well as K loken up into I

Fre 20 7 BavLances oF Water anp ELECTROLTTES AND RESTORATION 0F Bopy SoLo7es
10 NoR. 142 ConcEVTRATIONS DURING THERAPT oF DIABETIC ACTDOSIS

-~ . [ArQu——"

¢
¢

¢
and related changes (2a)

1P during P Therapy P galts shoul:
never be mjected rapidly or in undiluted form nto tubmg or mto the\(m
because they can cause loeal spasm and pan {17a-¢) and the coneen r:
ttons reaching the heart mny prove touie (17d) If hyperhalema &
electrocardiographie or other evidences of cardiotoviesty appear \;} pe
tassium intake should be stopped while continuing or 1ereasng 4 :mus
mustration of potassium free fluds The direct antagomsm of mtm;cacf
calerum 8alts upon the eardiac asystole of potassium mto‘(xcah;m) foade
or Ca gluconate 10 gram as 2 10 per cent <olution ntras enously et
used 1n ease of need (17¢) This will not be necessary 1f the recom
trons on dosage have heen followed
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Y. The Hse of Colloid Solutxons

Impendimg or actual crenlatory coliapse secondary to the dehydeation,
sodiem and chlonde depletion and clectrolyte disturhanees aleo requires
treatment (3 18a b) It should be empl nuized that the blood pressure may
be well mamtarsed by means of vasoconstrsction ab the expense of dimn
1shed flow ta the tissucs YW e therefore routinely adnunister dextran within
the first hour of therapy, 500 ¢ of a § per cent solubion r saline to all
eases of ae1dosts or coma irrespeetn e of the status of the eiwculatron Those
18 actual shock are given additional amounts There 18 adequate expen
mentat essdence indicating that the vse of callod 1 salt depletsan shock.
hastens Tecovery beyond the rate to be eapected with sodium therapy
alone {5c} Whale blood or plasma cin al<o be used for this purpose,
though typmg snd cross matcling 1 the former asd cross matching 1w
the latter delsy treatment Also dextran obviates the possiihty of irans
mitting hepatitis

VI The Hazards and the Virtues of an Oral Intake

Some comment has already been made on the pownt that once overbreath
ng ceases many pottents can be started on an oral wtake 10 to 18 hours
after admssion provaded the patient has not vomited o the intersm {see
table 20 V} Thue should be humted at firt to water or tes lemonade or
simjar fwds with added suerose zmd Xacmse (a total of 20 gm per hour
per 200 cc 1m equal ts) s The 1nfi should be con
tnued however until absorption 1s certan since vomating may recur
several hours later Many patients tolerate a one per cent <glution of so
drum chionde m boustion or brath and this can be alternated hourly with
the tea or other earbohydrate remforced beverage After several hours
and #s the pstient desires 1l e intake can be broadened to mnclude mitk
toast cereals ete On such repmens onerbreathing coases betwoen the
fth and eleventh hours but may take longer {=ee 0~4 year old category
mihe Oto 100 mEq group m table 20 V) Itis ususlly posuble to start &
full diet on the day after adumssion This 15 ughly desirable sibee 1t wiil
help replemsh the vitaming trace substances minerals such as ealcium and
magnesiure and protemns

Summary
The prompt sdmmstration of msulin m adeguate dosage 15 the undis
puted essentis] of acidoms and coma therapy Infusions of sodnsm chlonde
and solutione of collmd (blood plasma dextran) replacs extracelluler
defieids of these tons and of water «ud correct the acrompanying areula
toty collapse Qvestreatment with tle chloride 1on ean be avoided by
1 mited use of phywologie salme or by judieious rehanee upon hypotome
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Digbete Acdosis {0 C)

Extracelivior €

Before
Serum HCO3 5, Ng =123
conc €l = 90, K+ 65 ¢ o
miapert Ne-[HCOy« C] = 28

Blood sugar = 582, NPN 65 mex
Therapy for 3 days

Insulin, 1sotonic NaGl ond 10% glucose vy,

Exchanges H,0 o
Given 12 6 tten 1600 mag
Excreted 15 1527
Retained - £ 03 - 73 -

Retained - I - 3

After
HCO, = 29, Na= i39
cf = 98, Kx 41
Na - [Hooy+ el = 2
Sugar = 167 , NPN = 37

1
Interpretaton  Cl, and No, retoned without H,0,
HCO, increased, No os well os K foken “up

Inteaceliulor (1)

[ 1

Hi
— volume —
KC! i milk po
Mo K
163 mea 616 aes
897 * 414 °
146 - -1
120 - 221 -

[ Y
. ketoss  dimin shed and
into I

F1a 20-7 Barances or Watea avo ELecTroLTTES AND REsToratioy or Bovy Socures

70 Nomtat, ConceNTRATIONS DURING THERSPY oF Dsnzric Acmosts

This 16 ear-old female jus emle diabetic was admitted m acidosis with hypergh
hyvnachl

cemia b y by,

and azotems During therpy

extracellular water evpanded shghtly, cell water decreased, sodium was rmmeddm
the extracelluler space and mn cells, potassum in extracellular space and eells de-
creased and incrensed, respectively Lower diagram illustrates the direction of these

and related changes (22)

1. Pr i during P

Therapy. Potassum salts should

never be injected rapidly or 1n undiluted form nto tubing or mto the vein
because they ean cause local spasm and pain (17a~¢) and the conccnlrﬂé
tions Teaching the heart may prove towie (17d) If hyperhalema o
electrocardiographie or other evidences of cardiototrty appear, all PO'
tassrum mtake should be stopped wiile continwing or snereasing the sus
mimstration of potassium-free fluds The direct antagonint of 1ntraienc

calemm salts upon the cardiae asystole of potassium intovicats
or Ca gluconate, 1 0 gram as a 10 per cent <olution, intrayenous!
used m ease of need {17¢) This will not be necessary 1f the reco

tions on dosage have been followed

on (CaClz
Iy} can be
mmends
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Y. The Use of Colloid Solutions

Impending or actuad erculatory collapse secondary to the deliydratson
sodum and chlonde depletion @ d clectrolyte disturbances aleo requires
treatwent {3 183 b} Yt should be emphi«zed that the blood pressure may
be well mamtamed by mseans of vasoconstriction at the expense of dunin
1shed Bow to the f1ssues Ve therefore routinely sdmumsster dextran wathin
the first hour of therapy 500 cc of a 6 per cent solution m saline to all
cases of srdossg or coma Irrespoctive of the statug of the orculation Those
1z aetus) shoch are gnven addibonal amounts There 18 adequate expen
mental evidence 3T dicating that the vse of collowd m slt depletron shock
hastens revovery beyond the rate to be expueted with sodwm therapy
alone {5¢} Whole blood or plasmoa can also bu used for this purpose
though typing ond eross matehing m the former and cross matshing
the Istter delay trestment Also dextran obwiates the possibalsty of trans
wtting hepatitis

VI The Hazards and the Virtues of an Oral Intshe

Some commest has already been made on the pawnt that once overbreath
g censes many patwents can be started on an oral miake 10 t0 18 hours
sfter adanssion provided the patient has not vomated in the mtenim (sec
table 20 V) This should be himited at first to water of tea lemopade or
sumtlar flwds with added sucrose and lactose {a total of 20 gm por hour
per 200 ec 1 equal amounts) 1s palatable The mfusions should be con
tinued however until absorption 18 gerfaws smee vomiting may reeur
several hours Tater Many patients tolerate o one per cent selution of eo
diur ehlonide 1 boustlon or broth nd this ean be alternated hourly with
the fea or other esrbohydrate-remforced beverage After several hours
and a3 the patient desires the mntake can be brosdened to nelude milh
toast, cereals ete On such regimens overbreathing cosses between the
fifth and cleventh hours but may take longer {sec -4 yoar old category
mtheDdbo 10 G wEg group s table 20 V) 1t 1s usually possible to start s
folt diet on the day after admi~sion This 15 highly desirable mmce 1t will
tielp replemsh the vitamins trace substances 1mmerals such as ealovam and
mapuesum and protens

Summary
The prompd sdmepistration of wsuha 1 adequate dosage e the undis-
pu'ed essential of acdoniy and coma therapy Infusions of sodiam chloride
and solutions of cofiord (blood plasma desfron) replace exteaceliular
defients of these jons and of » ater and correet the accompanysng crreuls
tary collapse Overtreatment with the chiorde fon can be avo ded by
hmted uee of physislogic salme or by judicious rehance wpon hypotome
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TABLE 20 V
PN .
4
AgeGroup  [No of Patients| Average Age Toteralater
b4 » i
A. Cessation of overbreath-
1n,
0-100 mEq /L group 01 4 20 20
48 1 62 60
812 4 97 54
12416 8 139 80
101-150 mEq /L group 18 1 68 e
B Disappearance of ace-
tonuria
0-100 mEq /L group 04 21 22 146
4-8 15 65 12
8-12 3 99 158
12-16 13 138 %2
10 1-15 0 mEq /L group 04 6 25 %9
+8 13 62 13
512 15 96 19
12-16 9 134 159
C. Resumption of oral in-
take
0-100 mEq /L group 04 2 22 172
4-8 12 62 u2
812 3 99 130
12-16 46 137 124
10 1-150 mEq /L group 04 5 25 73
1-8 7 62 90
812 1 97 84
12116 5 130 50

replacement flurds, Ringer’s lactate, or one-sixth molar sodum lactate
However, the routme ad ation of alkal Tut; such as one-
sixth molar lactate deprives the therapist of an important index of mJl~
provement and may result n madvertent alkalosis The use of lkal
should be reserved for seriously 11l patients mn whom marked decreases 3
H are present
P As thepblood sugar and serum potassium and phosphate levels fﬂl%;d:lr‘;
1ng therapy, glucose or fructose and buffered potassrum phosphate <eg .
be added to the therapeutic regrmen Oral mtahe should be reseun;e]ude
promptly as possible but the recurrence of vomiting 15 a frequent p
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to hypoglycemia unless the prrenterat admnistration of glueose or fractose
3% resurped
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CHAPTER 21

Somatic Groweh und Development of the Juvenile
Dinbetic. Endocrine Profiles

Although much has been gaid about the physical charactenstics, growth
and maturation of the disbetic ehuld st the time of and following the onset
of this distusbance i metabolism s number of the conclusions are contra
dictory or controverstal Furthermore Colwell has suggested that the
course of alt drabetes begms at burth even though the time ot which 1t be
comes mandest chmeally does vary from patient te patient {1} It seems
worthwhile therefote Lo see whether birth neight ewly des elopment, body
weight and height heart size shelotal yusturation pnmary and secondary
stx changes and endoerime indices are diffierent 1 diabelze and noncia
betse children

T Birth Weight and Early Development

It 13 now well establistied that aduit females destined to become dibetic
have babres who are large at barth €24 h) 1w addition to compiling a recard
of nereased wastage of p by shortwons deaths and
stilthurthe (2g 3} (see alos Chapter 25} Moreover W P U Jachzon hes
wlrotuced the toncept of the prodiabetie father {3a ) ¥e has shown that,
adult males who ultmateh develop tnbetes alsd have offspnng who st
burth sxeeed the nyerage body weight of ehildeen of fathers whe ultimately
Prove 1o be nondiabetze In view of these obstrvalions snd the knowledge
{hat abous 60 per cent of the diabetie chuldren ultioately have a posttive
stary of fnmuhal disbetes (see Chapter 7) ehotld not therr birth weights
alsn be above average? The author has found no comments on this pownt
and has therefare reviewed the Pittsburgh serses The findings are shown
tn figure 21 1 The date wdscate that the average birth weght of wmnfants
destined to become diabetsc 1s no greater than thad recorded for o nonda
betze segraent of our population (4n~¢) Marsky moreover hina mdieated
fo the aathor €hat 1n 3 senes of more than 2000 bz babes whom he has
followed mot one has developed dinbotes {(50)

Infigure 91 2 some imformation on the ages at whick o group of our dit
betie children began to rasee the head st crawd stand and walk 1¢ shown
"These do net appear to differ from the general evpenence m nondiabetis
mianta ps cited 1 Neleon {4}

agy



388 DEVELOPMENTAL ASPECTS AND COMPLICATIONS

1L Height and Weight at the Onset of Diabetes

Many observers have indicated that in their series the drabetic eild was
taller at the tune diabetes was discovered and weghed less than his non
diabetic contemporaries (5a-0) The behef that body height 13 increased
has not been universal (5p, g), though agreement 1s more umiforn 1n regard
to body weight Thus, in the report on the Joshn series (5h) dated 1936
there were twice as many underw exght as overn erght diabetic guls, and the
data from other chnics are m general agreement (5b, d, e,1 n) Our find
mgs are shown 1 figures 21-3 through 21-6 We have ued the standards
of Maresh (61) based on senal studies of 128 children under the sponsor
ship of the Chuld Research Couneil for purpeses of companson These have

d

B

Y ‘. Ny > 97 ﬁ"
28 50 75 90 7 ibe

595 1IN
n

5.8 6.2 6,9 7,4 8 8.6 94

DrsseTES
T 910 R wesr WercrT of TnEants T\ 110 STBeEQUENTLY DEvELoreD J cw_\;u-ﬂ o farge

g those recorded i coutrol groups



SOMATIC GROWTR AMD DEVELOPMENT 389

been made dunng the same decades eovered by our onn expenence and
encatopass the same econorme strata The children do differ, however,
i their geographie and perhaps ther ethnie orgins Our dats on body
dmension percentaies (Bh) are fumted largely to children wnder treats
ment for dsabetes and are precented later

4 The Body Heght and Weght of the Cheldren's Hospatal of Prttsburgh

Beres at the Onsel of Digbetes

From figures 21-3 and 21-4 3t 13 evident that the average heghts of sur
dabetie popalation wese often but not sl ays less than those of the tontrol
groups, and that wath the exceplion of the S-year-olda there was no evi-
dence of mereased herght This 18 true of the boys as well as of the prls
wrespective of whether the data ave expressed as averages or 1 terms of
perceniiles This does not mean of course, that occasional newly-discovered
hsbeties are not taller than the average but rather thay such tall children

with equal freq y 1 the L 4nd diabetic popu-
latione It 1s obvieus, therefore, that previous conclusions to the contrary
HEAD HOLDING
M 3 ronae
1 ls {3 mus

4
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Fi 2124 Exnrr Deretorusss of Invaats Destraso 50 Becosts Fuvaaits Duanstios
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The earlier impression that duabetic chuldren were taller than average at the onset
of the disorder 13 not sub d 1n our series M. at or within 2 months
following the diagnoss of dibetes generally revealed the mean body height to be
the sume or less than that recorded 1 the Maresh control series of nondrbet e (62)
The 50 to 59 year age group 1s an exception Asterisks 1dentify statisically 268
ficant differences with p values of <005 or <001 for * and ** respectivels, and fgures
wathin columns represent number of obser ations

Thave been based upon comparisons with unsuitable control groups Ty
certainly seems Likely 1n the case of the earhier reports in which the stand
ards of previous generations of eluldren with differing cconomzc, cuttura!
and cthme charactenistics were employed (5a-n) It should be hept 1
mind that even today there 1s being recorded a progressive mercase 1n the
average height of our nondiabetre juvende population .
Asindieated earlier, there has been less div ergence of opiaton runrcrnu;.,
the lesser body weight at the time of the onsct of diabetes Our own fir A
1ngs concur From figures 21-5 and 21-6 1t 15 cvident that on the mnm:'
the diabetic children, both boys and girls, were underweight This <0
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As 1 the case of the diabetic boys the 50 to 59 year old group was taller than
their contemporaries 1n the Maresh control <enes In the remainder the mean body
he ght at the t me of dizgnos 5 or w thin the succeed ng 2 months was exther the same
or less than that of the controls Aster sks (* and **) asm fig re 213 *** refers to p
of less than D001

trasts of course with the frequent occurrence of mereased body weight or
obesity in the adult diabetic population (7a-d)

Il Height and Weight Data and Body Dimensions Following
1 to 10 Years of Diabetes (Children’s Hospual
of Pittsburgh)

The data 1n table 21 I mdicate that diabetic children under regular
treatment 1n our chime still show a tendency to being underweight and of
decreased herght compared to the Maresh control series (6a) However
these are not Jarge duifferences even though they are statistically mgmificant.
This 15 n keeping with the experience of others Thus Fischer Mackler



396 DEVELOPMENTAL ASPECTS AND COMPLICATIONS

TABLE 21 I

3ean height and mean body wesght of chaldren with diabetest present for interals up tp
ten years an length compared with the data for non diabetrc chldren
as reported by Maresh

Dusbetucs | Non dusbetics
;?;‘,‘ Number Mean , 45D ] Dumber , Mean ] 25D
Height (boys)
4,56 17 1785 | +1138 473 s | s6n
7,8 20 12676 | =642 333 13003 | 451
9,10 15 138 51 | 1001 315 MO0l | w547
11,12 16 851 | +1048 277 1028 | 2613
13,14 13 15014 | £870 20 w110 | 78
15, 16 15 16720 | %666 19 172 49% | 463
Height (garls)
4,5,6 15 110 53 +7 86 383 ne30 | o274
7,8 10 125 60 +317 282 12048 | 66
9,10 14 138 48 *7 14 222 | 7B
1,12 1 148 04 +7 61 193 15327 | 481
13,14 18 154 12 %707 165 16396 | 468
15,16 8 159 64 6 35 7 166 84* | 53
ody weight (boys)
4,5,6 18 2268 | £613 473 2015 | 228
7,8 29 25 58 &3 41 333 26 65 +3 18
9,10 15 31 35 +5 95 315 3209 | ;;
11,12 17 36 50 5 81 277 05 | &5 2
13, 14 13 46 21 +8 11 220 a7 ot -_L; b
15,16 15 5274 +9 31 119 5705° | &
Body weuht (grls)

4,5,6 17 1979 =+3 59 383 1978 tﬁg;
78 10 258 | w09 | 22 Ha | 2
9,10 14 31 46 %5 51 222 3358 g
1,12 15 E 8y +6 04 193 ae |
13,14 1 42 87 26 25 1§75 :30 371 o
15,16 8 55 68 =+3 06 7 I Bt
1 CHP sertes
*D are 11
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In ths group of dusbetic children the mmdividual measurements are faily gym-
metneally distnbuted around the median pomt There are more children who are
below the 50th percentile m height than above 1t 1 keeping with figures 21-3 and 214
Disbetes had been present up to 10 years with a mean duration of 3.39 years (CHP
senes)

Maresh's sertes (6a) In three of the age groups among the males a greater
transverse drameter of the heart w as accompamed by an mnereased internal
dameter of the chest with resultant normal cardiothoracic ratros The
diffficulties of such measurcment are well recogmzed (8g-0) However,
they can be presumed to have been present to an equal degree 1n our dia-
b;hc and Maresh’s control groups, since the same procedures were em-
Ployed

V. Skeletal Development

4 At the Onset of Duabetes

Again, 25 1n the case of body height, some workers have felt that skeletal
maturation was accelerated at the onset of juvemle diabetes (92) Though
there has been no systematic study reported 1n support or refutatron of
this vesy, s 29 now evadent that when appropriate standards are used bone
3ge1s a3 2 rule not advanced tn these ehldren Qur findings (9b), in keep-
ing with the latter opimion are presented i figures 21 8 and 21 9 They



TABLE 21 It

Comparison of transierse diamelers of heart, snternal dsameters of chest and
cardiothoracie ratios 1n diabetic and non dabetic children

D abetics Noo-dabet s
Ay
e Number a Mean J #SD ( Number e Mesa ‘ 5D
Transverse duameter of heart (boys)
40-69 18 880 | =070 478 812 | 208
70-89 29 918 | 4071 333 5900 | 068
90-10 9 15 955 =+0 86 315 92 | 0%
110-12 9 18 9 67 =1 09 m 967 | 081
130-149 15 1079% | a1 14 220 03 | z0m
15 0-16 9 15 10 75 =106 ng wor | x08
Interaal diameter of chest {bogs)
10-69 8 202 | 124 473 1052 | 209
70-89 29 2068 | w118 333 a1 | £1®
90-109 15 27 =183 315 228 | x12
1 ¢-12 9 18 21 04 +1 8 277 2348 | =141
13 0-14 9 15 2657 | +10 220 253 | +10
150-16 9 15 27 93 *22 9 695 | 8
Cardio-thoracie rstio (boys)
40-69 18 044 +0 04 a2 013
70-89 29 042 +0 03 333 042
90-10 9 15 042 +0 04 313 0142
10129 18 040 +0 03 271 041
1Bo-14 9 15 041 +0 01 206 04
150169 15 03 %001 m B
Tranxerse dizmeter of heart (g 1ls)
40-690 7 848 | +058 353 g16 | £05
70-89 10 900 =0 50 282 810 20 6{
90-109 n 924 £0 62 02 928 ﬂgﬁ
110129 15 10 01 +0 73 103 970 | %0 o
130149 1 903 +0 93 165 014 | 0 %
15 0-16 9 9 102* | %085 77 wa ) o=t
Taternal d ameter of chest (sirls)
$0-09 17 19 2 1 49 353 15 83 *l‘fg
70-89 10 20 63 £108 282 war | =1
9 0-10 9 14 21 86 =+1 21 22 2105 ix @
11029 15 23 83 1 62 193 0’53 46 3165
130-149 19 24 50 =17 165 ot | S
150-16 9 9 26 26 £120 77 LDl Wl

398
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TABLL 21 1~Continued

D abetzcs Nev-dubetics
bor Number van | asp Natee | e 45D
Cand o-thorac ¢ at o leerls)
40-50 | 127 T4t 0 03 3 | om
70-39 { 1B 043 001 20 043
90100 | 1t 042 0 03 20 042
neze| 012 £0 63 159 042
Boso | W 040 2003 7 ou
15016 9 9 04 0 @3 4] Iy

¢ Differences ace atatistically signibiesat

have been compared with the standards of Greulieh and Pyle (10a) and
those of others (10b-@) deraved from healthy children 1o communities with
comparable etonomic eihme, and geograpine characteristies The con
clusion 15 the same trrespective of whether the data are presented as a
corretation of chronologie and bone age or as percentiles of the contral
group there ss no evidence of accelersted osseous development In about
one half of the children bone and chronologic ages are m evcellent agree-
ment {figure 21 8) falling between the forticth and sixtweth percentiles
{figure 21 8} In the remamder the bone age 13 retarded falling between
the third and thirty 1th percentiles It 18 probable therefore that the ong
nal mpression that bone age wns accelerated resulted from madequate
satuphing and 2 lach of swtable reference standards

B In Diabetsc Children Under Therapy

The tendeney for the distributson of bone ages to be sinfted to the left
2t the anset of diabetes thereby mdicating retardation 13 also evident after
one to ten years of therapy (figure 21 9 Y4 may be that this reflect« mnade
quate control of diabetes a pont dificult to refute or to establish directly
The fact remams that the trend to retardabion of skeletat maturation
‘present ab the onse persisted de‘pne thernp) Smree 1t di1d not become more

1 may well rep ar plrceable loss of a period of
gronth at the tune the diabetes began (m 1)

VI Endoerime Patterns
4 Serual Maturation (Gonadotromns, Gorads and Adrenal Cortex)
The deselopment of pnmary and secondesy sex charactenstics occurs
under the mfluence of the gonadetropins and perhaps other tropic hortones
of the mtwitary whieh regulate the secretion of androgens and estrogens by
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Tn many of these 63 diabetic chuldren (sohd cireles refer to boys and open ades

to girls) there 13 good agreement between the age of the patient 2nd the bone 282

as from the ds for diab (102) The data have been plotted

wthout regard to the duration of the diabetes The deviations just above and belo¥

the Ime which depicts identity cancel ome another, the recorded mean difference

of —5{, of a year reflects the greater degrees of retardation up to 2 years 1o megni
tude present 1n some of the children
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The numbets withu the aucles ndicate the duration of diabetes m months m
these 53 children With the exception of one patient at the §0th percentile and 3
others i the 50th to 85th percentile range the bone age of newl; -discovered dizbetic
cluldren 13 at or below the midpomt of the normal distnbution curve for nondiabetics
{10a) The erroneous conclumon of 3 decades ago (that bone des elopment was gener-
ally accelerated w diabetics (92)) was reached at a4 tume when suttable reference
standards were Jaching Retardation of skeletal growth is probably present m a
zumber of the long-standing diabetirs

the gonads and the adrenal cortex (11a) Qur data indicate that the dia

betre 1 general moves mto pubescence at the same time as the nondia
betic (11b) Thisis evident from the cross sectional survey of our children
28 shown m figures 21 10 and 21 11 However delays m the appearance of
secondary sex harr in the male and female and of breast changes and
menarche i the female do occur more often an drsbetie than 1n nondiabetic
children This 1s related exther to a recent onsct of the diabetes or to

adequate control of previously present disbetes Thus Wegner, White avd
Bogan (8e) o reviewang the data on 118 elnldren with retardation of
gronth sufficient to categonize them as dwarfs 1¢ 8 body height four
mehes below the average in the standards of Meredith, mdreated that re-
tardation w as seen most often i pubescence with assocrated delay m sevual
development Jacheon and Kelly (8cj have commented that sexual matur-
ation occurred normally m girls under adequate control whereas this was
retarded with poor regulition They also noted that onset of drabetes at
age 10 to 14 scemed to mterfere with maturatton. This obeervation that re-
tardation and inadequate diabetie control were related 15 supported by
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Tie 21 11 Onemror MeNstatarios sv A Grour or Disvense Ginis
Catamenn 1 female juvenile diabeties to be compared to the mean age of onset
at 13% 3 ears recorded 1n non-diabetics by Talbot et af (11b) Our observations sre
too himited to establish a delaying effect of a reeent oncet of diabetes on the metiation

of menstruation as suggested by Jackson end Kelly (8¢)

Bergqvist s endoermologie dsta on 11 retarded digbeties (8d) Puberty
was delayed to as Iate as 17& ycors of age in the boys and menarche 1
the three gurls aecurred between the ages of 16 and 23 Uninary gonado-
tropms, estrogens, 17-ketosteroids, and 11-ov) stererds, and the serum pro
tesn bound rodme values were not unusual

In table 21-I1 and figure 21 12, respectniely, we have plotted the ex-
eretion of gonadotropins wnd 17-kefosteroids in drabetic children of tan
ous age groups m urines obtamed w hen the patients w ere under satisfacton
control (124) These fall wathin our range of normal Qthers have reported
a preponderance of above normal or below normal salues for urinary 17-
Letostermds {12b~g) somc and perhaps all of the former may be attribu
table to merensed adrenocortieal activity as a part of subclmical Letosis
or sexdosis (sce Chapter 191 Izzo and Eslers {12h) found that m their
group of diabetics the low normal or below normal basal etcretion of 17
Letosteroids inereased follow ing corticone to a greater extent than 1a con
trols This response 1s unexplatned but 1s akin to that of cancer patients
under the same eircumstances (121)

The wrmary exeretion of corticends and of formatdehydogenie sterords
has also been reported to be decreased 1 some diabetses (125-1)

B Other Esod, of dds I dctsanly an dhe lated Decbetic
the Serum Levels of Cortwcosterauds

In Chapter 19 1t was mdieated that dizbetics 1n general show a level of

serum corticosterords which 18 shightly greater than that chserved 1o non-
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TABLE 21 IIT
Urinary ezcretion of gonadotroptns in juremile and Jormerly qutensle diabetres
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normal established sn this laboratory for healthy nond abetic children by
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diabetic controls and that acidosis greatly mcreases this difference (13
b) The distribution of s alues in clnldren under presumably adequate eon
trol 1s shown 1n figure 21 13

C Thyrowd Functionan the Diabetic as Indicated by Serum Protewn Bound
Todine Levels

Our data {(14a) indicate that t! e serum protemn bound 10dine concentra
tions which under appropmate circumstances accurately reflect thyrod
activity (14b) are the same in diabetic and nondiabetic children m the
various age groups (figure 21 14) and that the dip mn the distribut on cune
which appears at the fime of puberty in the control group 1s ako evident
n the diabeties

Diabetic children respond to cxogenous thyroxn with serum proten
bound 10dine changes comparable to those scen in nondrabetic control chil
dren {figure 21 15} (14c)

D Parathyrod Actunty as Reflected in the Serum Levels of Calewm ond
Phosphorus

There 1s no evidence that these serum constituents are regularly altered
1n diabetic children (see Chapter 17) though the levels of scrum phos
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phorus fluctuate through a greater range of values than in normals (sce
Chapters 8 through 12 and 18) These deseribe the changes 1n this electro-
Iyte with ncreases and deereascs 1n carbohy drate disposal indueed by glu-
cose, msulin, epmephrine, glucagon, and acrdows and coma

Summary

The early development of the child v lio ultimately becomes diabetic 1s
comparable to that of his nondiabetic confreres The inttial reports of m-
creased height and accelerated bone age at the onset of diabetes have not
been borne out upon comparison with suitable control groups of nondia-
beties, body weight 1s usually below nermal The retardation 1n height
and wesght persists 1n general after therapy has been instituted, probably
because growth periods have been lost Occasional delays 1n pubescence
and adolescence are encountered, but indices of gonadotropin output, thy-
roid activity, and ad rtical secretion are not Iy different from
values encountered in nondiabetie chuldren
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CHAPTER 22

The Personality, Emotions, Intelligence, and
Scholastic Performance of Dinbetic Patients;
the Role of Emotions in Diabetic Regulati

In any large junentle diabetic service 18 amazing to sce the degree of
real or apparent comphiance nith the regsmen that 15 mmposed It 13 rea-
sonable to ack whether in this emphasus upon the regulation of the meta-
bolie aspects of diabetes the individuality of the patient 1s being suppressed
to the point that resentment, negativishie behavaar, hostihty , ete develop
There certatnly are problem patients among the diabetic group, but they
are & distinet minomty Wiy 13 this group not larger, especially among the
adoleseents and {een-agers who often rebel bitterly at comvenbions and
resteictions cven when they do not hasve diabetes(la, 5)? Do diabeties ns
& group begin with an emotional pattern which makes them weleome the
security of the regimentation of diabetes, or do they realfy harbor resent-
ment or turmor] which is effectively concealed most of the time but becomes
manifest in episodes af ketonuna, glycosuna, and impairment of diabetie
regulation? Are these patients of sy crage intelligence? The answ ers to these
nd related questions cannot be complete at this tume but certain general
patterns ean be indicated from the lmited studes avalable

L The Personality and Emotions of Adult and Juvenile Diahetica
A Personality Profiles of Adult Diwbetics

Flanders Dunbar and her eolleagues {1e @) have summarzed the pre-
domnant, personality features of a group of several hundred adult hospital
iabetics She beheves that out of this surey there emerges a pattern of
trasts shick though 1t may not be umforndy present i individual dia-
betics, does set these patients apart from other psychosomatie diagnastie
groups

She patnts aut that the chidhiood of the diabetie whose earbohydrate
disordcr develops after reaching maturty 18 frequently characterized by
a marked conflict between hatred of the parents and subnussion to them
Temper tantrums, phobiss, and mightmares are present more frequently
than 1 groups of patients vith hypertensis e eardioy aseular disease or with

4n
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myocardial mnfarction These children who later as adults develop diabetes
have a better edueational record than that of the general population but
there 1s a ugh frequency of “nervous breahdowns” m college In the m
terval prior to the onset or the diagnosis of diabetes there 1s often a Jong
pertod of ‘ wear and tear”, ¢ e hard work, struggle with famly and gpouse
T d or unr d homosexual conflict, and dietary indiscretion
The health record 1tself 1s good prior to the diabetes

After diabetes has developed, the patient tends to dissipate his energy
m mnumerable mnor tashs and concerns He has dificulty following s
consistent course of action because of vaeillation and indecisiveness and
cannot manage mterpersonal relationships effectively Despite a higher
educational bachground he remains at lower vocational and mecome levels
The males tend to remain unmarnied In those who marry, both the males
and females have relatively few children The divoree rate 13 low but there
15 a high meidence of frequent separations and lrving apart The struggle
with the parents i childhood 1s now transferred into the mantal relation
ship Sexual adjustment 15 usually mnadequate and marked by amuety A
homosexual trend can be detected and the venereal disease rate 13 low
These patients tend to be nervous, depressed, suspielous, and paranod as
a group The 1ltness 1s often used as an alibt (le,d)

In contrast to Dunbar’s findings Lisansky (le), aiter comparmg 100
adult eptleptics with 10 adult diabetres, reached the conclusion that there
15 no typreal personality preture which characterizes the diabetio group
and distinguishes 1t from other sich or neurotic groups

B Psychologic and Psychwatric Studies 1n Diabetsc Children

There have been a number of atiempts i the past two decades to char
acterize the emotional and personality patterns of juvenile cuabeties In
general these have not revealed any unusual devtations from control groups
nor have constellations been 1dentified However, Damels (2a) reportm‘l;'
on g series of corprehenstve mterviews an 23 diabetic patients ranlglrig:‘
age between 15 and 55 years, mdicated that all revealed matermdo rles
terest to the psychiatrist The mamfestations meluded reactive :tpnce
to deal with constrtutronal predisposition but ats probable imports

as emphasized
WIn tbep studzes of Shirley and Greer (2b) on 155 diabetic chlldreut:nt lllg‘;ﬂ
the roles of an unwholesome home environment, faulty parental ; ls feely
and an d basis m p Lty disturbances su!c is e
mgs of infertority and madequacy and retreat i physical i{omphaol:]es -
emphasized Twenty two of the children came from brodefrrl o
more than one fifth of the parents were uncooperative, mndifferent,
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tellectually mnadequate while others were too soheitous and tao protective
Though only five of the children were classified as major eating problems,
the diet and insulm represented a financial burden m aimost one-half of
the famibies and the majonty of these were on public asustance These
suthars pomnt out however that their study was hased on findings 1 8
Jower economie or actually mdigent clasg

The group of 49 ctuldren stuthed 1n Buffalo by McGawin et ol {2e) was
more of thewr nondaal A few of the cluldren
deviated grossly from normal m personahty trais but this was not felt to
be an excessive number for such a small unselected group In 32 of the
chitdren with less raajor maladjustments st was felt that physical and -
tellectual defects and sorsal and econ bl played ar
mpostant contrbutory roles It was the xmpre:slon of these workers that
the carlier the onset of the diabetes the better the emotional adjustment

Brown and Thompson (2d) alse concluded after studymng €0 jurente
dabetica by means of the Wocdworth~Cady psychoneurotic mventory that
they closely lted their nond;

Another study of the personabities of 5 moderately large group of dia
betie children, 114 m all by Loughlin and Mosenthal (2e) revealed that
three fifths were normal 1 ¢ m terms of & sense of personal secunty, ac
ceptance by themr group, interest in activities, and attitudes toward body
functions In the remander abnormahties in one or mare respects were
encountered conssting of true neuroses or perconality d<turbances wath
unduly aggressive or retimng, dewsl may care, :mmature, or escapist at-
titudes

Fischer and Dolger’s group of 34 private and mmne chime patients were
obeerved for 10 10 20 years (2f) Minor behavior disturbiances were fre-
quent and the authars felt many of these were produced or aggravated by
the diabetic regimen However, the home, the schaol, and the degree of
cconoms secunity sll appeared to mfuence the reaction of the diabetsc
child to hus disease The patients in the better econome group with better
home and echool and hgher intelhp: ratings made & more
satisfactory sdjustment to the diabetes In those with personahty dis
turbances i erther group matunty usually brought an impros ement Seri-
ous psychopatiie behatior was encountered mn three patients

Bruch (2g) after cbservation of 37 disbetic children concluded thay
there was no unsform py cholome pirture and no evidence of a constella-
tion of fincings of the type seen m obese children where an overpos exmgly
Tossossive mother ltves through her children, overfeeding them, being over-
pratective, ote She felt that diabetes re-enforces evisting problems and
that 1 those with an early onstt an unusually submicsive attitude was
apt o develop The children < arsed in personaldy from happy, outgowmg,

i
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60 80 100 120
Fre 22 1 THe INTELLIGENCE OF JUVENILE DLspETICS
In these 68 diabetic boys and 75 diabetic girls m our series the mtell gence &3
d by the Binet-S; or related p d (some of them as group tects}
13 only sporadically retarded

minstered i the public school systems of Pittsburgh and the adjomng
communmttes, and on measurements made 1n applying the Mmnesots
Multiphaste Personahity Inventory to adolescent and overage diabetics
The distribution appears quite normal (figure 22 1) Thenr scholashie per
formance appears to be about average as indieated by progress in schoot
ther grades, and the results of achiey ement tests

The marked meidence of mental retardation 1n some series as 1n those
of Teagarden (5a) and of Bouln (5b) undoubtedly reflects a 1t
of nonrepresentative selection poor geretic bachground, and adequate
growth and development This may also be true i the series reported by
Shirley and Greer (2b) 1n which the 155 diabetic children had an average
mtelligence shightly below Termaime’s 1000 unselected children though 18
were mentally retarded including 11 m the borderhine and geven 1n the
moron eategories In most series, however, asin MeGavin's (2c) and Brov
and Thompson’s (2d) 1n which the diabetics were no brighter and no duller
than the nondiabeties, 1n the Fischer and Dolger study {(2f) 10 which the
Stanford Binet test yielded the same result m 24 diabetics 2310 8 grv‘:g
of comparable controls 1 those of Wagner et al (5¢) where thelQ :t::ghv

In some of the older sertes 1t has been pomted out that diabetits u{‘m
pleted more years of formal schooling (8a) This per s¢ cannot be tla ;ﬂ
as mdicative of superior intellectual endowment sice any physcal 8 i
normality 15 accompanied by a greater impetus toward schooul?g as
possible help 1 overcommng economic and social handicaps, and by &2

of parents teach
pathy, encouragement and understanding on « v 11);0 et for

ers, and friends Gres ™' e on manual dx
the’ higher “nty of 11 some d13
betics (6b) 1 children

Sporadic instanc

~) mcurred 10
are sometimes )

shocks
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seelang “perfect” control, but convulsive scizures of the grand mal type
may alto cecur dunmg less restnctive regunens

L Effects of Emotions on the Regulation of Diabetes

Acute or ehronte emotional disturbances can have an effect on diabetic
control as deleterious as that associated with mfection, starvation, earbo-
hydrate deprivation, X or chronie o The
studies of Rinkle, Wolf, and have provided support
for this view They have demonstrated that emotional disturbances m
diabetics can produce ketosis and increased glycosuna wiich clear with
removal of the stress (Ta-¢) Subsequently they pomted out that this ap-
pears to be an exaggeration of a reaction which also cecurs 1n nondiabetics
{7d} Associated changes include decteases or alterations n hlood sugar
and a water dwresis by d of hetoue bodies
and chtorides (7e-hi These reactions have been observed n diabetics and
nondiabeties m the course of obvious rebellions but they may also oceur
83 unconscious reactions to conflicts with parents, to threats of examina-
tions, to impending surgical operations, ete

Furthermore, Hinkle et al (3d, 7a~c) and others (Ba~d} have demon-
strated that emotional disturbnces ean result n a loss of diabetic regula-
tion, ketoactdosts, and coma The accompanying losses of water and elee-
trolytes 1n the stress dmuresis further sccelerate the defierts which oceur
m acrdosts and coma a3 a consequence of the uncontrolied glycosutia and
1be discharge of adrenccortica) oxysteronds cited i Chapter 19

1V. Can Diuabetes Be Precipitated by Emotional Disturbances?

The recogmtiton of the fact that emotional disturbances ean aggravate
pre-existing diabetes makes 1t logieal to ask whether they may also bring
 latent diabetes to a level of chmeal mamfestations Such mstances do
andeed occur (Sa-¢) However, there 15 no extensive support for the sug-
gestion that disbetes actunlly ongmnates as s result of such stress (1a, 23,
9d~f) Thus Gendel and Benjamin 9g) 11 a study of 44 cases from World
War 11 concluded that 1n no ease was it possible {o prove a direct eausal
telation between {he stress madent to muhtary service snd subsequent
development of permanent disbetes This however only emphasizes the
pomt that one person’s strain 1z another's secunty, and that the answer
to the question of what 13 & switable stress which may be productive of
diabetes 18 undoubtediy a highly mdividual matter (3h, 1}

There 13 no evidence that the inmidence of diabetes 13 increased n schizo~
phremia hor 1n any other psychoss, though they may, of course, be present
m the same patient (9)-1) However, m seehing precipitating eauces of
diabetes 1t 13 mmportant to keep 1n mind Mirsky’s admomtion that the past
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CHAPTER 23

Vascular Diseases in the Diabetic and Other
Ocular and Renal Changes

It has been noted repeatedly that vascular complications have replaced
coms as the leading cause of death in diabetics The mortality statisties
indieate that in the older patients these are largely attnibutable to sclerons
of the larger artenes and in younger patients to 1nvolvement of the smaller
vessels, espectally those of the eyes and hidneys

L Atherosclerosis in Relation 1o Other Vascular
Changes in Diabetes

For many years 1t has been d that the atherosclerotic and
artenoselerotac changes which develop 1n the later years in the nondisbetic
population (1a) appear earlier and more frequently in the diabeties (1b)
There 19 1n addition a greater degree of arteriosclerosis of wider distribu
tion, a higher incidence of coronary occlusion, and a change from the usual
sex distrabution (3 or 4 males to 1 female) to a 1 1 ratio (le-s} There
1s evidence that heredity plays a factor mn that there 1s a higher incidence
of a family history of hypertension 1n the hypertensive diabetics than m
the nonhypertensives {2a-c)

The etiology of arteriosclerosts m the diabetic and n the nondibetic
remains obseure The studies of Keys and of others m nondiabetic popula
tions 1n various parts of the world indicate that the higher the total calore
1ntake and the proportion of fat the more Itkely the occurrence of vascular
disease The cholesterol content of the diet per se 1s probably ummportﬂﬂ;
(3a—f). Thus 15 m heeping with the finding that human tissues and bloot
vessels themselves are capable of synthesizing lipids (4a-d) Theres €1
dence that 8, 12-100 hpoprotein molecules are present i greater concen-
trations 1n atherosclerosis (52) with higher beta and lower alpha hpoprv:
temn fractions (5b-h}, but 1t 1s not certam that these or ather Lipd ll';i
tions are altered 1 diabetics who do not have this compheation (f;'ﬂl o
At present therefore we are left with the knowledge that the atherose B;'Oﬂ .
changes which begin virtually at birth in all human berngs (7a) run aes o
celerated and accentuated course m the diabetic However, m 0‘"‘5:? e
Juvenile diabetics we have yet to see penpheral artertoscleros:s of the

422
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bty of the ty) ¢ sten i older habeties with infection oeomy i or
gangrenc (7h)

Tath the survival of jusemle luibeties mto youny, adultheod following
the advent of 1nvulin it ~oon heeme evident that v aseulir changes were
al o¢ peanlly apt to develop m this age gioup 181-p) In some of the exr
her reports the appear ince of Jesions 1 the eye albuminuna and n
eta1 cdl neidenee of vessel ealerfic thion werc attributed to aceelcrated
wterioxelerosis Burther study s revealed Lowever that the lestons m
the eycs ind kadney ~ differ histologic iy from the <o called degeneratne
ol inges of ol 1 wge and b lad to the v ¢ of terms such s angiopathy
rctinopathy  and nephropathy 1o refernng to these processes

II Retinopathy n Dialietes Mellitus

Dolger was the first to pomt out tht it 20 or 25 yenrs all orvntudly
all dinbeties developed retind sasculir elianges m v enous degrees (91
) In the € uliest phase the « apper to consist of =mtl deep hemor
thiges which myy then progress to punctite hemorrlnges cspeenally m
the macular region Hard vallowssh whate cxulies myy appewr nd
cotlesee The vems dilate and become  headed  Hemorrhages into the
itrcous and new blood vessel forniition may lead to setinal detacliment
and blindness (figure 23 1) In voung dinbctics the venous changes may
occur as the first «ign of retinopathy The oceurrcnee rate 15 as high as
80 jor cont after 15 or more yours of diabetes (9e) though a lower 1
alence has been reported (9dr These changes are not confined to u
vamle diaheties Perliaps this fact led to the erginal view that they repre
~nted a form of neeclerated artertosclerows

Tic 231 Taresne REAN 100 18 4 JUventes DIgETe
Tlis 20verr-ol§ wlate mile devetope | | ihotes at the age of 11 Funlis shows
3 mero 1s s rowncury s;ms (photograpt A n 1 <y pled1s J Tron Jr MD)
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4 Histologte Findings

In 1950 Friedenwald (104~d) demonstrated by means of full thickness
retinal preparations that the leston m the fundus resembled the vascular
changes deseribed by Kammelstiel and Wilson (10¢) 1n the hidneys of dia
buties The eherry spots or <mall decp hemorrhages  are not extravasa
tion~ mitially but rather saccular or =t times fusiform aneury smal dilata
tions of the retmal arteroles with <ub cquent depo ition of hyaline
mhteral and searning They are not athero or artertosclerotie changes
(10f m) In our serics as 1n others these changes were scen only nfre
quently m qusemles with dial etes of less than 15 v ears duration (10n)

Il Diabetic Nephropathy

The 1ppearance of albummuria not explieable by urinary tract infection
or of some other benign or reversible origin such as the orthostatic type or
that scon with certam drug 1 an extramely omnous sign i diabetes
Distrcasing as v pual impairment may be 1t at Jeast does not of stself pre
sent the sime jropardy to e Fortunately the ineidence of nep hropathy
15 not 1> Iigh 1> that of retmopathy (84 ¢ h 1) 1 m 9% 1la-d) and
usually tts course1snot rapd In too many patrents I owever tlc ongmally
minor degree of albununurra ultim itely hecomes so profuse that the de
velopment, of a full nephrotic syndrome becomes almost mevitable Tle
heavy Joss of protein an the urine 1y usually accompamed by casts and
1n time followed by the other features of the complete syndrome 1€ by
decreases i scrum albumin edema and hy percholesterolema Renal ful
ure and moderate azotenua hypertension and retmopathy then develop
to give the elmieal pacture first deseribed by himmelstiel and Walson {100}
1t <houl § he recognized howeter that mcomplete forms of the syndrome
accur and that the course 1s at times modified thus 1f sodum re tnchon of
ot er mensures are effective n preventing or correcting the retenbon of
tins elcetroly te the onset of edema 1s deferred prevented or revered

A Istopathology of the Rammelstiel Wilson Clanges and Thar Rela
tion to Dabetes .
A< H o pase of the retinal lestons 1 Juvemle dhabetes this ncphro;:nu)r

zation of the center of the glo;nerulus or of a lobur ware .
broademng of the mtercapillary connective tissue and tlhc :(‘-:1::“1
MeManus (11¢) made 1t clear that in these patients at L‘ftﬁ B!
<elerosis was not the basic pathologie process In :ubscqu?n :::Zn“ il
became cvident that the hstologic lesion could oceur wit l:;: e
symptoms 1 nondiabetics and diabetics and that the ehme
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could develop 1o diabetics who at postmortem examination failed ta show
the charactenistie lesion {1203} The first of these observations did not
prove too troublesome, smee the morphologie changes might not have been
marked nor of sufficrent duration to produce climcal findmgs The secoud
ratsed the ruestion of slternative efio of the nept ¥

seen n dinbetes

B Known Causes of the Nephrotic Syndrome

At present there are sex eral recogmuzed causes or, perhaps a better way
of expresaing 1t, diseases 1a the course of which the nephrotic syndrome
may oceur The well-documented obser: ations of Bloom and Seegal {13a)
1 1946 established that at that time the disease in which this syndrome
developed most frequently was glomeruionephntis In thewr report and
others it has been pownted out that the nephrotic syndrome also ogeurs as
the g0 ealled pord ey of ehiighood 1o the K fstiel-Wilson

syndrome of diabetes referred to above n amy 101dosxs, syphxhs, mtcmca—
tion with drugs such as sulft and ant
fupus erythematosus dissermnatus and 1n repal van thrombasxs {13s-11
Recently Riflun and associates hase pownted ot the value of demonstrat~
ing doudly refractile fatty cells or casts m fresh acid unme which stam
hhily with Sudan 11 or IV m differentiating itercapillary glomerulo~
sclerosis from other renal lemons (13, k)

€ Results of Needle Biopsies of the Redney i Duabetre Patients

'The advent of needle biopstes of the ladney now pesimts sntemortern
wn=pection of glomerular and tubular changes Tt 13 too soon to make &
defimbive statement but the observatians by Kark and by others and
our own small senes of observahons suggest that Jupus 13 smereasing 9s a
concomitant of the nephrotte 5y ndrome {14a~c) Thus probably reflects the
Iigter inerdence of disseminated Jupus on medieal services in general Use
af the biopsy techmque has further established that the chmeal manfesta-
tions given m the ongmal deseriptions of the Kimmelstiel Wilson syn-
drome tmay oceur 1n the precence of nephroseleross or pyelonephnitag wathe
out cvidence of intereapiliary glomerulosclerons Our findings are shown
in table 23 T and others have teached the same conclusion (14d)

D Cardiovascular Renal and ECG Fandings in Selected and Unselected
Groups of our Juemile Diabetics
Blood pressure, unmary and related findings 1n & group of patients known
to hnve had s emle diabetes for ten to 20 3 enrs are summanzed in table
2311, 1neluding those found to hnve nephropathy or rebinopathy (15g, b
Prafuse atbumimuria or a frank nephretie syndrome has only rarely ac-
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TABLE 231

Tindings on renal bropsy 1n patients with profuse albumnyria
or frank nephrotic syndrome

Patent | Sec | Age [Dubetes Disation Biopsy Fiadings

AD Male 34 | Yes 15 | Artenolar nephrosclerosis

DG Male 39 Yes 19 | Hyahmzation of glomeruli compatible
with intereapillary glomernlosclerosis
WV C Male 32 | Yes 14 | Intercapilliary glomerulosclerosis artent
olar nephroscleroms, hyalmzation of

glomeruly
G P Male 38 No Artenolar nephrosclerosts
G W Male 49 No Hyalime droplets
N A Female | 33 No Undiagnosed disease of kidney, chrome

pyelonephntis, hyalimzation of glom
eruli, scleroms of renal artenoles

C A Male Pyelonephritts, acute and chrome focal

AY Male 36 No Subacute gl ") oh
stage

E M Female | 26 No “ VWire loop” changes 1n glomerul

J G Female | 32 No Membranous glomerulonephnitty or It
pus erythematosus

M M Male 24 No Insufficient for diagnosis

J K Male 26 No Insufficient for diagnosia

curred thus far i our series (one example 15 shown 1 figure 23 2) but
this merely reflects the fact that the number of our cases 15 limited and
the follow up pertod relatively short

IV. Retinopathy and Nephropathy: Concomitants or
Complications of Diabetes?

A number of chmcs have reported that the frequency of retmopathy
(15a~f) and of nephropathy (16a-1) was higher in the less well cuntrollel}
members of their diabetic population Some feel that 1t 19 the duration o
the diabetes rather than 1ts severity or the degree of control that determmes
the mncidence of retinopathy and nephropathy (8m, 9a, b, 17a-g) Oth:l’s
are undeeided as to the role of unregulated diabetes m these mamfesta
tions (18a, b)

In :fny chscusston of this question 1t should be emphasized, as oﬂfl&l’:
have done, that the Kimmelstiel Wilson syndrome oceurs far more! o ez
m relatively mld diabetes as indreated by a relatively small ms;]l)mnnd
quirement and infrequency of diabetic acidosis or coma (193, ¢ 20‘34)
that the vascular lesions may appear before the diabetes develoi’lsOn o e
Perhaps the most tellng argument of all, however, 13 recogn
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fact that the meidence of these changes 13 extremely Ingh even m the
¢hmies operated with the most npd control entterta The results wn theee
elines can hardly be offered as evidence of the benefits of a strict regimen
m T timg T pathy and peph hy The author does wish ta
make clear, howeyer, that he agrecs that the symptoms of diabetes should
be contralled as effectavely as posnble {see Chapters 14 through 16), and
that w2 our clmte we are delighted with b but ihng to
subject the patients {o the nisks of repeated msulin shocks to attam this
degree of control
Perhaps the most permeious effect of the view that striet remmentation
prevents the vascular complications of juventle or other long-term dia
betes 13 the distraction of the interest of elmeians and svestigators from
studbes of alterpative views It 1s quite possible that these eventuahities are
sons of the bolie pattern of the diabetic but
mediated through more subtie or ntrieate factors than simple hypergly-
semua and glyeosuria Is it another reflection of an nherited susceptibihty
to vaseular diseases? The higher incsdence of hypertepsion 1 diabetic
fsmuhes erted earher 18 1a keeping with this possibility (23—} Recently
Dhntzet and Rooth {203} have ted that the hy m dia-
betes mellitus may represcnt & pathoph siologic 1asomotor reaction to
‘varighons 1z oxygen and catbon dioxade tension akn to that seen 1n retro-
lental fibroplassa

V. Therapy of Arteriosclerosis, Retinopathy, and
Negpliropathy in the Diabetic

The diabetes should be regulated ns completely a3 possible, but the
chmran must not delude hamself that thas will nevessazsly present, min-
;mzc or resolve any of these concomtants or compheations m a particutar

inbetie

4 Arterosclergsis and Retnopathy

From the viewposnt of atherosclerons, control of ohesity and imter-
diction of excessive ealone and fat miske, and of certain types of fat m
particular, are 1n order {3a~f, 20e~)} Insofar ns retmopathy 18 concerned,
#l therapeutic tnals based on the use of mim (21a-e), adrenocortieal
products and Bwvatamms (214}, testasterane (21}, and other agents {21f)
have failed to date Attempts to relate the retsnopathy to levels of serum
proteins, hpoprot: , protem-t d earbobyd o Srarridd
compleves) or chalesteral {223, bY, or to vitamn Bya concentrations (22¢),
have been without suteess or have <hown only oceasional correlations
Hoaever, msofar as the nephropathy 1s concerned recent studies {cce be-
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AT T2 AUTOPSY OF 4 25 Y 242 OLp Mt wITH 4 16 YPag Hintont oF
Drasrres MetLmes
Pitient R A B had been mamtained on 80 umts of insulin (NPH 60 an 1 regulu
20) during the year preceding lus death He was admutted with a 1'% year hitors of
blurnng vision and of leg edemn of 6 months duration Blood pressure elevated to
180/110 biltteral retimal hemorthrges with new vessel formation profuse albuminur 4
azotenna up to 89 mg per cent diminmished serum albumm (130 gm per cent) ant
clevated setum cholesterol levels (858 my per cent) arc n heeping with tl e climenl
ertertt for the k=W svndrome (Scction hmdh provs fed by Tom Moran M)

low) have mdieated that adrenocorticotropin or adrenocortical steronds
m1y produce 2 remission m certain instances of the neplrotie syndrome

B Treatment of Acphrotic Syndrome with Adrenocorticotropm or
Adrenocortical Sterouls

Until recently therapy of the commonest forms of the nephrotic s
drome was only sporudically effcetine (13a-k) The type accompinying
anticonvulsant drug therapy cleared spontaneously following withdranal
of the drug, the forms w hach appeared 1n childhood and were ealled either
pure hpoid nephrosis 2 phase of glomerulonephritis, or a tovc re rehion fo
sulfonamide resolved 1n a munority of eases during nonspeerfic supportive
therapy or following endemic or induced exanthemata such as meades
and chichen pox (22d) Adrenocorticotropin or cortione when given 1
adequate pharmcologie dosage m the eluldhood form has altered the
course considerably (22e-k) Thus m our scries which nos con<ists of 106
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cases we have found that a remussion car be mnduced 1n almost all instances
during or following a 28-day course of adrenocorticotropin (100 mg per
day), marhed sodium restrrction, 8 high intake of potassium supplemented
By 1ron and vitamins, and prophyl. with Iln (221) Th 1t
recusrrences appear in some 30 per cent of the children but respond to re-
treatment Intermmitent therapy with cortisone following a suecessiul re-
nussion seems to prevent recrudescenee (221, m), but the experience 1s as
yet imited At any rate the outlook 1n the childhood ty pe of nephrotic g3 n-
drome 15 somew hat bnghter, though deaths do still oceur when chrome
nephritis and yremia supervene None of these children have had diabetes

In adults with the nephrotic syndrome the outleok remaimns grim for
most patientsarre<peetns ¢ of its etrology, since 4 regimen of 200 mg adreno-
corticotropin with the supplementar) features histed carlier nduces & re
msion 1 only occasional patients, perhaps in one out of five In our
small group of about 30 such pattents threc were diabetses with the
Kimmelstiel-Wilson syndrome and none responded to therapy (221)

Allen has deseribed one case of uremia without retinopathy which un-
proved on marked sodium and protein restrichon (22n)} Adrenalectomy
or hypophy sectomy have been reported to induce remissions of vascular
disease 1n & minonty of patients (220-q) DDD which produces adreno-
cortical neerosis has also been used for this purpese (22r)

VI. The Less Frequent Ocular and Renal Disorders
in Diabetes Mellitus

The dramatic upsurge of retmopathy and nephropathy m the past two
deeades, the more effective control of diabetes, and the availability of
chemotherapeutic and antibiotic agents have distracted attention from
some of the less frequent and the less lethal, but equally disabling, changes
1 the ocular and uninary system of the dibetic

4 Eye Changes 1n the Jurenile Diwabetic Other Than Rehinopathy

A number of tharough reviews of the status of the lens ns, medea,
reting, and orbital mus<culature have been published (23a-e)

L The Orba, Clinical lore has long mcluded recogmtion of the soft
€ycballs in diabetic aerdosts and coma believed to result from dehydration
Tius 18 not, however, a specifie sgn and there are, of course, more direct
mdices of this complication

2. Extraocular Muscles. Paralysis of the cye muscles has oceurred so
mirequently 1n ditbetes (18 231, 24a-c) that this may well represent a
chanee development, or be a part of a more general diabetic neuropathy

3. Corneae. Only rarcly has wrnkling of the posterior surface been
deseribed (184, 23a), perhaps because 1t 15 visible with a sht lamp only
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4. Iris Iris changes are of two types rubeous irdiea drabetrea, a very
sertous ocular complicatron characterized by new blood vessel formation on
the antersor surface of the g and recurrent hyphema, usually associated
with an mtractable lary gl , diabetie sridopathy with edema
and vacuohzation of the prgment layer of the 1r1s and hberation of pigment
to the aqueous humor (184, 23a)

5. Pupnllary Reactions The occurrence of Argyll-Robertson pupils m
diabetes hag been noted i Chapter 26 which deals with neuropathy

6 The Lens Refractive changes, te a relative myopia with a blood
sugar rise or relative hyperopia with 1ts fall, are usually considered the
result of flmd shifts (23f, 252 b) Corrective lens preseription 13 best de
ferred pending stabilization of these transient lens changes

In contrast, permanent alierations 1 the lens occur with eataract forma
fon

a Cataracts occurning m the diabefic ‘These are of two general types
{23a,202-g) The first1s indistingusshable from that observed 1n senescence
1t nondtabetics and in diabeties though 1t may oceur more often m the
latter group This type 13 only rarcly seen m juvemle disbetes even after
many years duration The other, variously known as the metabale Ju
vemile, or dinbetrc cataract (26¢, ¢}, can develop very suddenly, even s
a matter of a few days (26b) It s characterrzed mittally by subcapsular
flocculation which results in o snowfall appearance and contrasts wth the
cengral striae of the senile type Care must be taken not to confuse thewe
acquired changes w1th embryoniec remnants such as the persistent hyalod
canal They eannot be differcntiated, however, from the other metabolic
cataracts such as those scen chimeally m galnctose mtolerance 10 hypo
parathyroidism, and after neutron irradiation nor from those produted
experimentally by the extirpation of the pancreas by the mamtenance of
ammnls on diets deficient m tryptophan, or by feeding of rmonosacchandes
such as galactose (27a-0)

b Etwlogy of metabohc cataracts occurning wn diabetes The causes
of eataract formation 1n the diabetic remam obscure It has betn #g
gested that the sulfhydry ] group of glutathione mn the Jens becoies 1e
dueed bv hvnerelveemia mtiating mreversible Jens changes (271':)‘!f

ent regulation nas beiu
moreover, shortly after the onset of
ch instance 1 a 12 year
titution of adequate ther

nephropathy group 1n whom msufher
ctiologic factor (26g) They ean oceur,
diabetes 1 children (26b) We have scen one su
old girl (K V') two months after dingnosis and s
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apy and three months after the appearance of the first symptoms of diabetes
(27p) Tlns 15 unique in our experience though 1t has been reported by
others In our series of almost 600 juvemle diabetics we have scen six other
patients 12 to 15 years of age who developed obvious cataracts after one

half to three years of diabetes These children were all considered to be well

regulated by our criteria and lad & lower than average incidence of acidosis
or coma one episode per 16 3 ears of diabetes 1n contrast to & general a3

trage of one per five years of diabetes in our group as & whole Recently
Patter<on has reported that provision of a high fat diet decreases the 1n

adence of cataracts in diabetic rats He suggests that cataracts anse in
Typerglycerme ammals beeause glucose cannot enter the lens for energy
Jurposes If a large intake of fat 1s provided however the cnergy needs of
tte lens arc met and cataracts do not develop even though the same de

gree of hyperglycernia continues (27q 1)

7 Lipemia Reunalis The stniking refractile transiucence mn which the
artertes and veins appear flat creamy or milky and tend to look alihe used
to be seen with greater frequency an the pertod prior to insulin and adequate
regulation of diabetes Tlhus Parher and Culler (28a) found 36 published
cases 1n 1930 and added two of therr onn In their patients the total blood
Iipads were 11 6 nnd 4 3 per cent respectively but 1t was pointed out i at
i the literature fat levels as high as 48 and 26 per cent were recorded
They concluded that hpemia retinahs appeared only m acidosis with fat
levels above 3 5 per cent Marble and Smth (28b) revien ed the 40 eases 1n
the hterature by 1936 and added nine ca<es of therr own including tno
jwvenles Lefkovits and Young (28¢) reported & single cace 1n 1950 m a
young male diabetic who alco had xanthomatous lesions of the sk The
hperma retinahis and most of the shin plaques disappeared promptly on
regulation The paucity of cases <ince 1936 supports the conclusion that
Liperma retinalis 1s & mamfestation of poor control and the attendant
hyperlipemia

8 Optic Atrophy Ths 1s mentioned as occurring in the series reparted
by Leopold (181) and Waite and Beetham (23a)

Weakness of Accommodation Ths has been found in nearly 20 per
cent, of the drabeties (28d)

10 Conjunctival Aneurysms These oceur sbout four times as com
monly 1n the diabetic as 1n the nondiabetic

B Riudney Disorders Other Than Mephropathy
Uninary tract infections are probably tt e most frequent renal comphiea
tion oceurning 1 diabetes mellitus Barnard Story and Root for example

reported uninary tract infections m 51 of 52 hospitahized adult drabetie
femqles (20a) Autopsy scries Fave shown a higher ineidence of pyelo
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nepbntis 1 diabetic females than 1n similar age groups of nondiabetics
of exther sex or 1n diabetic males (20b) The latter group, however, also has
an 1ncreased 1neidence It may be that in the female vulwitss 1 which
glycosuria plays a part 18 a predisposing factor, 1 the males congenital
lesions oceur often enough to warrant a routmne search for obstructtons
which serve as valves Bladder atony as a result of disbetrc neuropathy
will, of course, have o similar effect Pneumaturia may appear as s symp
tom (29¢)

The therapy of urinary tract infections 1s difficult i general and more
50 1n diabetics (20d) In view of the high mmeidence of urinary tract m
fections and of vascular disease 1 diabetics, 1t might well be profitable to
obtam routine examinations of the urinary tract of all disbetics at the time
the diagno«s 1s made This could take the form of intravenous or retro
grade pyelography and would serve to 1dentify those with congenital le
sions, urinary tract obstructions, atony, ete, and permit prophylactte or
remedial therapy

Other urinary tract disorders of rare occurrence but worthy of mention
mnelude renal papillary necrosis, cortical necross, and lower nephron
nephrosis The last of thesc 15 discussed n Chapter 18 as a complication
of diabetic coma Renal papllary necrosis was first decribed by Fried
reich (304) and 1ts higher association with diabetes was pomnted out by
Gunther (30b) This entity 1s charactenzed by the onset of fever, sepsis
uremta, and coma m diabetics with urmary tract mfection and obstruc
tion Hematuria and colic may be present together with a roentgeno
graphic micture not unlike that scen 1n renal tuberculosis It 1s more
common 1n the older age group, especially after the age of 60 (30c-g)
Expermental types have been produced by higation of ureters and m]ibc
tion of pyogenic matenal (31a) and 1t has been noted m hydronephroti
1schemie kidneys (31b)

Summary

The older diabetic develops arteriosclerosis earher‘ and to & greater

AL cacalorac @ 10

neurysmal dilatafion of the retinal vessels, new vesse? forutaue: v v
(5? :;;gn and o nephropathy (albumnura which may pwgressmiot lt’l?e
phrotic syndrome and renal farlure) It 1s not certamn at thxst hmeﬂ tb; i
degree of contro] 15 causally related to the incrdence of 1-ret mo2r: e
nephropathy Virtually no patient escapes retmopathy ﬂt ;r : :the i
years of diabetes mrrespective of its severity, and nephropa yld abeties
of the Kimmelstie!l Wilson syndrome occurs most often m !



VASCULAR OCULAR AND RENAL CITANGES 430

It 18 possible, therefore that diabeties have an inherent predisposition to
vascular disease (a higher meidence of hypertension 1s recorded amaongst
relatives of diabeties) In view of Keys findings in nondiabettes 1t could
be too, that the fat content of the diet of diabetics further predispoces to
angiopathy The other ophthalmologie and renal lestons n the diabetic
oceur less frequently and usually present less of o hazard to survival
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CHAPTER 24

The Gastrointestinal Tract and the Liver in
Juvenile Diabetes

Disturbances of the gastromtestinal tract are far more eruetal to the dia-
betic than to the nondiabetic Thus interference with food intake, nauses,
anorexla, vomuting, abdominal pain, or diarrhes supertmposes starvation
upon the drabetes mellitus and thereby further diminishes the patient’s
ability to utshze earbohydrate If under such erreumstances tnsulm 18 con-
tinued in the usual daily dosage, shock often results with further loss of
carboby drate tolerance, af insulin 15 omutted entirely hetosis and aexdosis
supervene w1th further losses of w ater and electrolytes via the urmary tract
at a time when oral replacement 1s 1mpossible The diabetic must, there
fore, be tramned to tread carefully between these two extremes, taking just
enough msulin to avord both ketosis and hypoglycemta until such time as
oral intake 18 fully restored

The appearance of any of these gastrointestinal symptoms in a diabetie
should mmmediately alert the patient, the famly, and the physician t

the possiihity of t or present hetozerd 1f such plamnt
do not disappear 1 a matter of a few hours, the patient must be given
mamtenance or repl t therapy ting of insulm, | tersl ear

bohydrate, water, and electrolytes Undue procrastimation in the hape
that the patient will improve spontancously too often leads to frank acido
515 or coma ® hich has to be treated during the night and the early hours of
the morning

1. Etiology of Nausea, Vomiting and Other Upper
Gastrointestinal Disturbances 1n the Diabetrc

Tt 15 mnevitable that, wrrespectrve of whether o rigid diet, moderate re
o Y+ 4 s an plimited regimen 1s teed m the
115 upon oral wfake results It
ers” are relatively rare among
nile diabeties, since this does provide the child with & Tughly effectne
ly 1n a serics of de
amilies (1a) only
hrome difficulties

Juve
weapon 1n dealing with his fammly and society Actual)

tasled interviews with our jusemle diabeties and thewr f:
18 qut of 215 patients were stated to have repeated or ¢
448
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TABIT 241
Qu tlwenf ke aieor rec eocat gnst antestisal ©om pltints (Imee
d et pinteretcws f 245 vessle sty o 0§ e Fanvleen

togrfutae  Abmosl Gaaa  vanox Sarde Gnntgsten

12 » n B [ i 1

with food mtahe o8 with Lostromtesimal function itafsle 24211 In thus
bl ation Vinstery of trowskont and BRI G WworeGa natser Yonut
e nbdonimal pun or drurhea was deaogirded We @ mnot deode from
au b v hcthor e dnbotis ehald 14 mord prone to sueh trineest gastro
wtestimad ehstarh inces thi s the pondiads tis s comp bl aom
tred woups an hehang

Y tvae Yamfestal un of heto s or Leudoss

Howoner 1t s nedl v cogmuzmed thiat nast s wd Vonating, froquenthy
w e tht onwt of hotorodoms aub ot tb—cr tacc table 18-1
Chapter 181 In g sorses of 188 vurh a Junsaons m wlulte nd chuldren o
viewed by the authar aid fus eotle uos (1o yomiting Was present m abiout
T3 qureent of the patients Y tongrardhhy bogh figure was obtaned m our
wranpr af pedsstnie e 1314 18 b boon restonniny to veew theep @ trg
mie timd svmptone: ather a2 s mamés Gition of hetone body s onuuty
tion dehnedrabion hypoeghcoms el sl sted bioghonse i chngs or of
ceeampumied by foser or an endae fastony as avidenec of an wute

atrocaterstic of the mfoetsous or fomd poremng typ

B Intrisee Gaste nutestinal Thse sse as g Possitle € awse

Could these voprovent however 3 pras iy and mtmnue dituel mce of
the gustromtestinal trut 1 her than 3 wcondars gwsfest son of hetos
2 wate oatonts? To ansaer 1hs question we h ae conduacted routine vy
1m0 o stizdue s of the gastrosnteunad (5t of diahetse s lnldeon under ade-
b contred Suck o\ mun diens tootr awn group of patients hne vacded
smpriang sosilts Tn the rourse of 52 routime o anmntions of the upper
w3 tromtestind teet i ahe i duldron Croner Danowshr and Gend iy
tde b found an nleer crater mothe duedonum of Gon uhlren and ok
bl dduadomat slecre as mdie ol Iy moaded defarmitics of the e an o
sthors Txmplos nre <hown i figure 213 Sntervdint sy mptomns nfoeabil
o the pastromtestin il trart were rat ware § ronanneed ver mote freguent
r these chualdson Gom m those who bad negatnee exammations nor was
there a agher medcnce of soulo 1< anfcoma 1€ conld well be therefore
et the nas 1 vonnting o | g steamtestinad distree 11 the dybedse does
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Tie 241 D rorMITIFS of THE DUoDENUTY 43D Lok CRATERS In JUvesILy Diaserie
Of 82 | 1t ents cubjected to routme r1togrijlie uyper g1 tromte tinal exim B

f10n2 duo lenal deformuties ot wleer eraters weie found i 12 (21t} Forr vy les

uestown above

At times result from such intrmsie levons m the duodenum and does not
represent 4 nonspecific mamfestation of loss of diabetie regulation nor an
acute gastroentertts Smular studies in & smaller number of adult diu
beties hat e show n essentially the same results (2b) Though 1t may be ar
gued and with reason that these radiologie findings merely represent a
varmation of normal acceptance of thi 2~ an evplan dtion would nece 1
tite revision of our views of a negative gastromtstinal series * The pos t
Inlity that these abnorml finding~ in our studses were attrthutable to
lnctose dissolved 1 the barum suspension to present hy pogly cenun have
been exeluded by use of an 1ntrayenous imfusion of glucose for this purpo ¢
Actually mercasing evidenee 15 appearing that peptic ulcers are more
common 1n infants and ehildren than ha been lutherte beheved (2c-g)
Chapman and T och (2h) pomt out that though conaderable study hi<
been directed to the role of ¢motions m peptic uleer 1 ulults very nttle has
Ieen reported regardmg such factors m eluldren Thay ete data of ther
own and of other worhers (21 1) which mdieate that clildren who deselon
peptic uleers are subnormally wertive and hive much discomfort and
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ansuhy repardimg the exprosson of aggresase angr or - esartine
feehngy The presuniption 12 (it they yeaet 1o Unotional stress With upger
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fictie ehidd who duvedops 2 duodenal ulecr has compirable anetronat et
fursonthty patierns Sumbirhy aue abserustions on free Mdrochlorie et
and peiranogen seeretion whach an mereased anoants Ielp sdentifs wleor
~usceptthle ndissduals 25 B oare inted Rabinowstel s roport (2 n)b of
uchlachy drta 10 39 per cont of fus diaboties 1 based o sdies i whalts

1L The Small nad Lorge latestiae of the Duabeie
i Roentgenographe Studies

1t b been recogmzed that an d dcties rocntgosnas uns of the pounam
and doun ot tines royeado d aggreg wes of Baewm voforred ows patdhing,
or woihe moulage wEn 130 Since thow were sho «won n patients with
nutrtsenal divurbaners soeh as aprue wed el dise st o wen thought
taresult from s vitinnn Jich they hmve beentermed defiesones pattons
1 nwne ard noctura st durrhoa s abo e 1 roublosome symptom m
£ emaf] numbee af patants with diabetos t41 00 I e of the cerxcs of
40 sueh patinte roported I Shodan and Bl v 40 the dabctes bog
dusing chifithood brtneen the gges of wiv and 36 and the dharrhea apge cred
oht 10 18 sears ator Thes disturh ince i g astrointestin sl fimetion e
Uesed to reprosent neuropathy miehing che witanemic <y stom 14h dy tae
€ lapter 264 and 1~ to be Diffirents wed front sto starelic s sevurmng an a s
bitie ax o vesalt of panereatse mrufhoenes or other disturtinec m fat Wb
sorption (44 {1

1 whographie (xanun stsons have bron nrade ut vandam tn 82 of our diy
butie ehiddren 120 by with the fimding, tht abnurmabties 1 the dictniba
ton pattorn of baceet m ehe sasll bawdd man be present nathout cliote o
aamptome Thie was true an seven of the 82 (viminations Too of these
wre Wustrated w fure 24 2 The onzn aud wgulie wed of these chan,es
e unhoows The cxammations of the burpe bawed o the e gami 82 ool
dren 24 haurs after orpd b aswedd as Wi o Guoma Showsd ne
ihnornabituece

B Feeal Frerctson of Fleetrolytes and of Nateogen i Duad ctic € il fren

In bl 24 11 the feeal oxerctton of ~odnim pot e ehtaredc aned
airogey in A gronp af diabctie dffdron s Boon compyared wath € tind
s i sondbe e pedtateae patreats Fesosnarsolloctod durnmg, mtee s
of three to wing davs woth the boprnng and ond of studs penods marked
by cumnnne red adimintstration 142 10 The mverig alues for thise frea}
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Lotk ety i
Tre 241D rorvistes or Tute Deons sty asp L ucer Cryrspe 18 Juvs e Diva ies
Of 82 3 tt ents sul joctedd to routne rodiogrerly wpper g tromtestimd exin

fiond dwo Irnl deformties or ulerr erttars woe found i 12 (26 1) Tovr examyl <

uc shown thove

at timcs result from such intrine lesions wy the duodenum and docs nat
represent 1 ponspeerfic m unfestation of loss of dihietie regulation nor an
aeute gistroentenitie Splar studics iy smaller number of adalt dia
beties hive shown cswentrally the <ume results (2h) Though 1t may be ar
gued and with rcison that these radiologie findings merely represunt &
varittien of normal iceeptance of this as an «xplinution would peec
tate roviston of our viens of 1+ negative gistromtestindl seres The pos
Ity that these abnormal findings i our studics were attnbutable to
Iuctose dissolsed m the harium suspension to prisent hy poply cemis have
been cxeluded by use of an mtr iy enous infusion of Lluce ¢ for ths purpus
Actunlly nereasing (vidence 15 appeaning that pepbic nleers are ot
common in miants nd ehildren than h s ben tatherto believed (2e-2)
Chapman and Tach (2h) pomnt out that thougl conviderable study b
been dirceted to the role of cmotions m peptre ulecr m adults very Titghe s
been reported regardmg sueh fietors i childran They aite data of tHow
own and of other workers (21 1) wliel meieate that children who dmlu)(l
peptie wlecrs are subnormidly asatne iwd hne muck (h~comfort an
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Tics 24 24 430 2B Swut Bowrit Drrcrescy Partens 18 TooJuyeniiy Drsserics
In these 2 chillren tie r holog e al norn ality wag unissocrated with 2ny smy
toms or complaints In 82 such routine exammntions m ) nende d afrtcs 5 otler

patients wath similar el anges weie foun 1 for 1 total of 7 (22 b)

constituents are of the same order of magmtude for the two groups thus
chloride exeretion 1n diabeties and nondiabeties was 08 and 12 mEq per
day respectively sodmm 24 and 29 mEq per day, potassum 115 and
156 mEq per day, and mitrogen 11 and 10 gm per day

I The Liver m the Dialietice Basic Physiology
and Brochemstry

In the diabetie s 1n the nondiabetic the hver 1s an mmportant factor in
the storage manufacture and releasc of the glucoce fatty acids and
ammo 2cids from which the orgamsm derives energy, and acctyl Cod
for tissue growth and replacement and for activity

{ Role of the Iver in the Storage and Relcase of Carbohydrate

Monosaccharides present m diet or produced dunng I drolysis the
gastromtestinal tract reach the liver via the portal esrculation Some of the
1ndrvidual sugars are then poly merized mnto gly cogen after tran<formation
nto glucose 1-phosphate (5) (sce Chapter 1) The rate at which ths c'cI
curs 1s probably influenced by factors such = the morphologie integnty o
the liver (5h-d} the amount of hepatic gly cogen (5e ) the chemical strue
ture of the monosacchanide (5g h) the rate of gluco ¢ formation fmlm
amino acids (51) the Jactie aeid load from muscular achvity (57), and 1¢
avaulability of meubin (5¢ f k) Though msulin accelerates gly "f;:
formation m the presence of adequate carbohydrate loads glyeogena

\i
can and does oceur 1n the abscnce of this [ ormone (1) During jnters ¥l
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phosphorus 283 gm totnl cholesterol, and 795 mEq neutral fat per
kg of wet tissue This 1s drawn esther from dietary sourees, even though
shsarption of fats via the lacteals into the thoracte duct chyle Jasgely by
pasees the hepatae eirculation (7h) er from the conversien of acetyl CoA
{7e) Isotope studies wdicate that there is a constant fux of the hiver fat
and the tatal gmount changes only when the net flux 13 other than zero
{7d) Paueity or absence of certamn lipotropic substantes such as choline
betaine or mositol interferes with this dynamie cquibtbnium and fatty
Iners result (8) In allovan diabetic ammals the utihzation of glucose for
hipogeness and the ovidation of fat are both greatly decreased (9a b)
Provision of insuhn so greatly augments the first of these processes that o
several fokd increase m bnver fat oreurs duning the firet three or four days
During this same period oxadation of fate by the Iner remans reduced
and therefore ot least two faetors overproduthion xed underutihzation
contribute to this merease m fat Stmlarly complet relationships are
presumably opersdive i chmical diabetes

The work of Mursky anrd his colleagues has established that the biser 1s
the chief site of ketone body prod {10a~c) Degly of the
Irver oceusring an the course of starvation or tn diabetse hetosis and andosts
seeelorates the formation of these {ous-catbon compotnds from acetyl
CoA produced by the succes 1ve beta oudation of mobthzed {at In allovan
dabrtie rats howeser both fod and fested hyperhetonenua can appear
without depletion of hiver gly cogon {104} In any case the hruted ability
of the tiesues {0 utthze them estimated ot 25 g af fat per hg per 24
hours 1n the nondiabetic {10¢) 18 d and ket and hetonuna
appear

V. The Size and Function of the Liver in Diabetes Mellitue
4 Hepatomegaly n Uncontrolled Diabetes

Dunng the second decade of wmsubin therapy of juventle and adult dia
fietica & number of workers concurred that the Iiver was entarged with
surpnsing frequency 36 dinbetes medbtns and expeoially 1 jmemle dia
beties {11a~c) that in some children this was accompanied by stunting
al body growih {31d &) wnd that the hepatomenaly oceurred mod often
m disbehic aadoms and comn pasticuiasly during the recovery phase
(T3} Noevetematic etudies of Iiver function tests \n these patients were
reported bat stwas noted that the oceastonal measurements of the bilirubin
Ievel bromeutfalem everetion chaltesteral ratta (11b) and enne urotehng
gen output {11a} were nithin normal hmuts Hanssen reported that the
teterus sndet was clevated 1a the few patients in whomn this was measured
{11a} Teolated analy<ex of Iner specrmens abtuned at autopsy revealed
mrreated glycogen and fat concentratsons (11b}
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betw een the mngestion of food the Iiver provides a steady supply of glucose
to the extracellular find and to the tissue cells by releastng stored gly cogen
(5m), and as ndicated 1n section B, by gluconeogenests

In the diabetic patient both glycogen formation and release of stared
glycogen play a more 1mportant role 1n glucose homeostasts than w non
dmbeties In the Iatter the output or action of wsuln is gaverned by the
carbohydrate load and 1s mereaced or reduced as needed In the diabetie
tmsulm actron continues unabated even when mtahe 15 zero and has to be
counteracted by release of glycogen and by gluconeogencsis

B The Lwer and the New Formation of Carbohydrate

The stores of iver glycogen even i a well nourtshed child or adult or a
well controlled drabetic are quite limted amounting to 100 to 150 gm of
glucose (5n) It 1s obvious, therefore, that this 1s but an emergency ration
sufficient for approvimately one day and must be supplemented by glucose
from other sources Tlus need 1s met by gluconeogenesis from protein and
from gly cerol and possibly from fatty acids (51, 63 b) Tiis new forma
tion of sugar al<o occurs 1n the kidney {(Ge) and perhaps in other organs
as well The relative magmtudes of the hepatic and extrahepatic compo
nents of gluconeogenesis are readily illustrated by hepatectomy In such
preparations the contrbution of gluconeogenesis from tissues other than
the liver 1s madequate to prevent marhed hypoglycemua nor 1s the utili
zation of amino acids for this purpose by such tissues sufficient to prevent
a rise n plasma anuno acid (6d ¢) The process of gluconeogeness occurs
at a low rate when Inver glycogen 1s high and available and much more
rapidly when the stores are being withdrawn or become depleted (61, g

The partrcular ammo acids which are capable of conversion to glucos:
or glycogen have been histed 1n Chapter 1 togcther with an mdlcatmnho
the order in which the proteins are summon‘ed from th‘f body‘ tfs-l:ef“(ié;tf :P
terizat
magnt
Inera
mg of glucose per hilogram per mmute at a urea glucose rat;o of trlll::
(6f h) In the diabetic 1n ketosis and aexdosis n whom Iiver gl );uf)ge! "
depleted this b rises tly, returning to usus! a: ;,hi
values as the diabetes 15 agam ?grlate;:l ’J;he ﬂntiui?:;:;rzilechto:rnom

1ds and the role of excess
f: renm:ortx‘c':lﬂlclu:;;:‘tcro have been presented 1 Chapters 3
and 4
C Fat Metabolism 1n the Lnter

rt
The total fat content of * normal ’ human liver as repo:
al (75) meludes an average of 128 mEq of fatty acids,

ed by Ralli e
08 gm lpd
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phosphorus, 283 gm total cholesterol, and 795 mEq neutral fat per
kg of wet tissue This 15 drawn erther from dietary sources, even though
absorption of fats via the lacteals mto the thoracre duct chyle largely by-
passes the hepatte etrculation (7b), or from the conversion of acetyl CoA
(7c) Isotope studies indrcate that there is a constant flux of the hver fat,
and the total amount changes only when the net flux 18 other than zero
{7d) Paucity or absence of eertain hipotropse substances such as cholwme,
betame, or mosttol mterferes with this dypamic equilibrium and fatty
Iners result (8) In alloxan diabetic ammals the utihization of glucose for
hpogenesis and the oxrdation of fat are both greatly decreased (9a, b)
Provision of msulin so greatly augments the first of these processes that a
several-fold increase i Inver fat oceurs during the first three or four days
During this same period oudation of fats by the liver remams reduced
and therefore at least tua {actors, overproduction and underutibization,
contrtbute to this merease 1 fat Simlarly complex relatronships are
presumably operative m clinreal drabetes

The work of Mursky and his colleagues has established that the liver 1s
the chiel site of hetone body production {10a-¢) Deglycogenation of the
hver eccurring 1 the eourse of starvation or 1n diabetic ketoss and acidesis
accelerates the formation of these four carbon compuunds from acetyl
CoA produced by the beta of hized fat In alloxan
diabetic rats, however, both fed and fasted, hyperketonerma can appear
without depletron of Inver glycogen (10d) In any case the limited abshty
of the tissues to utihze them estimated at 25 gm of fat per kg per 24
hours 1 the nondrabetre (10¢), 18 surpassed and ketonerua and ketonurta
appeay

IV. The Size and Function of the Liver 1 Diabetes Mellitus
4 Hepatomegaly w Uncontrolled Duabetes

During the second decade of insulin therapy of juventle and adutt dia-
betics a number of workers concurred that the hver was enlarged with
surpnisiog frequency 1 drabetes mellitus and espeaially 1 juvenile dia-
beties (I12~¢), that m some children this was accompanied by stunting
of body growth (114 e), and that the hepatomegaly occurred most often
i diabetic gerdosis and coma, partrcularly during the recovery phase
{118) No systematic studies of hiver function tests m these patients were
reported, but it was noted that the accastonal measurements of the biltrubin
level, bromsulfalein excretion cholesterol ratio (11b}, and urine urobilmo-
gen output {11a) were within normal homts Hanssen reported that the
leterus mdex was elevated in the few patients in whom this was measured
{l1a) Tsolated analyses of hver specimens obtamed at autopsy revealed
meyeased glycogen and fat concentrattons (11b)
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betw een the mgestion of food the hver provides a steady supply of glucose
to the extracellular furd and to the tissue cells by releasing stored glycogen
(5m), and, as mdicated 1n section B, by gluconeogeness

In the diabetic patient both glycogen formation and release of stored
gl cogen play a more important role 1 glucose homeostasis than 1 non
diabetics In the latter the output or action of nsulin 13 governed by the
carbohy drate load and 1s nereascd or reduced as needed In the disbetic
msulin action continues unabated even when ntake 18 zero and has to be
counteracted by release of glycogen and by gluconeogenesis

B The Lwer and the New Formatiwon of Carbohydrate

The stores of hver glycogen even m a well-nounished ¢hild or adult or a
well controlled diabetic are quite inited amounting to 100 to 150 gm of
glucose (5n) It 1s obvious, therefore, that this 1s but an emergency ration
sufficient for approvimately one day and must be supplemented by glucose
from other sources This necd 1s met by gluconeogenesis from protein and
from glycerol and possibly from fatty acids (51, 6a, b} This new forma
tion of sugar also occurs in the kidney (6c) and perhaps in other organs
as well The relative magnitudes of the hepatic and extrahepatic compo
nents of gluconeogenesis are readily illustrated by hepatectomy In such
preparattons the contribution of gluconcogenesis from tissues other than
the liver 1s madequate to prevent marhed hypoglycemia nor ss the utih
2ation of ammo acids for this purpose by such tissues sufficrent to prevent
& nise 1n plasma amino aeid (6d e) The process of gluconeogenesis occurs
at a low rate when Iner glycogen 1s high and available and much more
rapidly when the stores are being withdrawn or become depleted (6, g)

The particular amno acids which are capable of conversion to glucose
or gly cogen have been histed 1n Chapter 1 together with an ndieation of
the order 1n which the proteins arc summoned from the body hissues Cathe
terization of the hepatic artery and vemn has permifted estimation of the
magmtude of these contributions Thus in the fasting normal SUblefﬁ the
Iver and the organs drained by the splanchnic system provide 34 %g
mg of glucose per hilogram per mimute at a urea glucose ratio of O
(6f h) In the diabetic 1n hetosis and acidosts i whom lver glyu;gcél 1:
depleted this contribution rises sigmificantly, returnmng to ususl a!s :;:
values as the diabetes 1s agam regulated The antranabohe effect o °
adrenocortieal 11 ovysteroids and the role of excesses of thyroid hm;mvns
m ] such gl have been presented 1n Chapters

and 4

C Fat Metabolism in the Liver et
The total fat content of ‘ normal human hver as reported by Rﬂllll fd
al (7a) ncludes an average of 128 mEq of fatty acids, 08 gm hp
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Hanssen also demonstrated that b pitalization with t of
diabetic regulation regularly decreased the size of the enlarged liver {11a),
other workers indicated that the advent of protamne zine msylin also re
duced the incidence of hepatomegaly (11c, d) This was ascribed to more
adequate control of carbohydrate metabolism, though n at least one report
the opinton was voieed that this was to be attributed to a higher mtabe of
protemn (11f) Hepatomegaly continues however, to be a moderately fre
quent finding iz diabetes despite the use of long acfing msulins and more
generous diets (11f=3) In our expenence hepatomegaly 1n diabetic chil
dren occurs most often durmg recovery from ncrdosts or coma We have
no data on the contnbutions of water retention and of glycogen and fat
deposition to this enlargement

B Abnormabties of Laver Function Indices

Prior and subsequent to these ts on hepatic enl b there
have appeared sporadic reports of liver function indices without reference
to thesize of the organ (12a-j) Thus Rabmowiteh (12b c} reported hyper
bilirubinema 1n 30 of 130 patients, and Gray, Hook, and Batty (12d)
ndicated that the serum collmdal gold reaction, believed by them tobe a
sensttive measure of Iny er function (12e), was posifive tn 91 of 247 pattents
Leevy et al (12f) state that 149 of 380 diabetics had abnormalities of ane
or more of the folloning bromsulfalen excretion cephalin floceulation
serum cholesterol, albumin, globuhin, or brlirubin concentrations Twenty
four of their patients were under 20 3 ears of age and seven shon ed hepahit
dysfunction by their ceriterta Needle biopsies of the hver were obtamed
1n 30 of their patients, including four of the young diabetics Of these one
had normal function and a negative liver biopsy The other three had ab
normalities of function with fat mfiltration i two of the three Other work
ers have reporied, however, that Iiver function 15 quite normal m diabetes
even following recent acidosts, when indices such as thymol {urbidity,
cephalin floceulation, albummn globuln bilirubin  prothrombin conces
trations, and icterus index were used (12g) In this scries five of the ps
trents fell mnto the juvenile diabetes eategory with the duration prior tothe
Twver tests varying from one and one half to 16 years The reports by f;‘;
merman etal (12h,1), Frankel, Asbury, and Baker (12)), snd others {12k)
are 1n keeprg with the above

Itw ouléJ apgpcar therefore, that 1n most diabetic patients hepahbt; fuzcs
tion 15 not grossly mmpaired when evaluated by the ordimary teel Z?eer
and that 1 those snstances where aboormal results Were obtamed 8 ch:e
relattonship to hepatic disease has not been estabhshed This 13 ;:ually
with the expertence 1n & group of our disbetic children in whom W i
1o abnormalstes of cephalin flocculttion thymol turbydity, bromsul
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urduly susceptible to mirnmme disturk of the i trach
which ean themselves imbate enoreyia navsea avd vurmtmg
The key role of the hverinthe ) tabol; and
msubn resistance have been eited as the explanation for dxfﬁculues n regu
Iatimg diabetes tn patients s 1th hemochromatosxs Though poorly controtled
dabetes 1s d by h , there 15 1o evidence
that mdices of hepatie {unchion are consistently dsst\srbed in these or w
well regulated diabetics 1t may be however that abnormal indiees are
d more often m diabeties than m nondiab
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excretion, serum slhahine phosphatase, serum albunn, globulin, and free
and total biitrubin were encountered (table 24-TX1) Tt may well be that the
occanional abnormaliies seen 1 diabetes mellitus are no more frequent
than the unexpected deviations from normal encountered by Neefe et o
(121} 1n the nondiabetic controls assembled by them for comparnison with
wfectious hepatitis patients

V. Hemochromatosia

In adults the comncidence of carbohydrate impatrment, cirrhosis, and 8
brouzing of the skin 15 termed hemochromatosis or bronze diabetes (133~
d) In this entity the diabetes 15 at tumes difficult to contro) This un-
doubtedly reflects compromise of the glycogen storage release and glt
coneogeme functions of the lnver m glucose homeostasis 1t may be re
lated however to msulin resistance (13e, f) (see also Chapter 20) These
mnstances are rare among adult diabetics and have not been reported 1
children

VL Carbohydrate Disposal in Cirrhosis with Hepatic Insufficiency

It has been recognized that glucose tolerance tests (14a, b) and other
indices of carbohydrate metabolism are abnormal m cirrhosis which 18

& y d to praduce persistent sk Iities 1 b ey
excretion, 1 serum bilirubin, prothrombum, cholesterol and cholesterol
ester levels, and i other tests These take the form of an unusually high
early peaking of blood sugar levels after oral or mtravenous glucose with
a return toward but not entirely to normal at two hours (14c) The undue
hyperglycemia presumably reflects the well-recognized mabihity of & hver
mvolved by a disease process to lay down glycogen

Studies of the serum snarganie phosphorus levels 1n such patients show,
however, s greater than usual decline which can be taken to indicste sn
aceelerated rafe of glycolysss From these observations tt appears that 1
the cirrhotic the tissues play a greater than normal role m disposing of the
greater glucose load resulting from the nability of the Iver to lsy down

glycogen

Summary
he frequent antecedents of anorexia, nauses, and vomting of hefoss,
e Exgxd cf);n have been attnbuted to the debydration and the other
accompanying biwchemical disturbances Routine survey of the gastli:‘
intesting) tract of Juvenile diabettes m our chimie has revealed ;n !
expectedly high merd of duodenal d ties, uleer cratess, unm:mbc
bowel deficiency patterns This suggests thet the Juvenle diabefte way

acidosts,
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1,

unduly to mirmsic d; of the gast: 1 tract
whick can themselves mitiate anorexta nausea and vonuting

The key role of the liver 1n the intermediary metabolism of foodstutfs and
msulin recistance have been cited as the explanation for difficulties in regu
Iating diabetes 1n patients v1th hemochromatosis Though poorly controlled
diabetes ts frequently accompanied by hepatomegaly there 15 no evidence
that mdices of hepatic functzon are copsistently disturbed in these or in
well regulated diabetics It may be however that abnormal mdices are
encountered more often 1 diabetics than 1n nondsabetses
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CHAPTER 25

Fertility and Outcome of Pregnancy in Juvenile
and Adult Diabetes

Prior to the availability of mnsulin the juvemle diabetic rarely Ived
fong enough to reach the childbeanng age Furthermore, only the patients
‘with the mldest forms of adult diabetes succeeded 1n carrying a pregnancy
to term and giving birth to s normal infant whe survived Ths bleak
outlook has altered considerably, but the diabetic patient of the juvenile
or adult type who becomes pregnant still undergoes many risks The greater
maternal mortality rate has fortunately been largely ehmnated, lowered
fertility, 1f present, and the greater losses of pregnancies through abortios,
premature deaths, stillbirths, congenstal anomalies, and neonatal deathsre-
corded 1n the pre-insulin days remain as probleres which must be viened as
complications or concomitants of diabetes

I. The Maternal Risk
A Mortahty and Incidence of Toremia and Hydrammios

Pregnancy used to present a greater hazard to the diabetic than to the
nondiabetic mother Maternal death rates ran as hugh as 55 per cent mn
disbetic pregnancies (1a-g), but 1t must be remembered that 40 to 60 per
cent of the diabetic deaths 1n the pre nsulin era were attributable to the
disease 1tself In more recent years the reported rates have fallen down to
or below those m the population as a whole {lh-n, 25-p) Bachman’s
summary (1n) of 599 pregnancies m British clines and 850 m American
clintes revealed a maternal mortality of 20 and of seven per 1000 for the tvo
groups, respectively The individual reports which mahe up hus pooled data
and 1solated earlter and later reports by other workers are summarized m
table 25-I From the same table 1t 15 evident that the maidence of pre-
eclamptic toxema, hypertension, and hydramnios has been and contmues
to be formidable In Bact ' lation (In} the patients m American
clines showed a 251, 73, and 156 per cent nadence for pre cchmr;(}:c
toxerma, hydramoios, and vascular hypertension, respectively In en:
British experience the figures for the first two were 170 and 277 PE{)" iy
with no data on vascular hypertenston It 1s our impression 1 th:: ur%n

(23, k) that the toxcrma rate 1 diabeties continues to be gher thas
462
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TABLE 25 I
Pregnancy wn dyabetes mellstus naternal and fetal neonatal mortalily with some note
of the incidence of lozema and hydramnios

463

Autbors Ret | Pgwdol ) Nemberlyoeen, | Hydr }‘Ef,\i:,:’l
3 “ %

Vinay 1a 1804 3¢ 55
Ruoft 1b 1903 66 46
Stengel Ie 1904 19 2
Chapiet 1d 1907 103 25
Walliams le 1900 66 27
Wilder and Parsons 1 1928 35 12
Slapper Ig 1933 18 e
Hyrwitz and Irving th | 1916-1937 51 2
Lavietes Leary, Winkler,

end Peters o {1921-1943] 31 (82 | [
Bill and Posey Y] 1933-1914 44 )27 23 4
Josh e | 1931-1945 | 210 | 33 05
Pedersen 5m,n) 1926-1945 | 156 | 30 20
Randall 1| 10331946 | 50 | 18
Rike snd Faweett % 19371946 | 55 | 33 4
Palmer, Crampton, and

Barnes Sc | 19441047 39
Pattersonand Barnstern | 25 | 19371947 { 71 | 41 8 7
Barns and Morgans 2b | 1929-1918 58 [ 43 20 2
Given, Douglas, and Tol

stor 2d {1030-1943 | 131 | 40 2
Zihgeus 2 [1934-1948) 32 [ 41 9 0

te 5a | 1934-1948 | 439 | 50 02
Hall and Tillman 5k | 1923-1919 | 147 2 96 07
Oskley (Boush Hosp) | 26 | 1942-1040 | 458 | 19 3
Moss and Mulholland 4b | 1929-19490 42 ( 43 95 ¢
Rets, DeCosta, and All

weiss 2t 19351049 59 {102 95 ©
Snyder Im | 1930-1950 | 131 | 28 0
Hurwits and Higano 2 (19321950 ( 140 [ 29
Whiteley, Adams, and

Parrott 5b {1941-1052 [ 72 | 24 21 0
Pedersen 5mp) 1043-1952 | 149 | 30 50
Tolstos, Given, and

Douglas 2 |150-1953 ] 72 |36 |33
Oakley (King's College) | 2 | 1952-1053 | 275 | 11 15
Bergquist | 19381953 ) 43
Dolger, Bookman, and

Joelson S0 | 19231055 | 100

Fetal
l

* Fetal, stillbirth, and neonatal deaths

111 per cent in a sub seres

$ Includes cases reported 1n Literature
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nondiabetics, though the statisties of Rexs, DeCosta, and Allwerss (21, m)
show an meidence of 10 2 per cent, a rate almost a3 low as the eight per
cent observed 1n nondisbetics (2n) These authors suggest that their low
incidence 18 explained 1n part at least by careful excluston of nephropathy
and hypertension which antedate the pregnancy and are properly attnb
utable to the diabetes itself It may be, however, that the frequeney has
been reduced pars passu with the decrease i the population as a whole by
measures such as control of body weight gam, therapy of urnary infec-
tions, and sodium restriction (2q)

B Effect of Preg 1 upon Carbohyd; Metabohsm and the Course
of Maternal Diabetes

Particular care must be taken throughout pregnancy but especally
folloning delivery to avoid confuston of glucosurra and galactosuria (3a-
¢) The latter when present will of course result 1n gvermsulmization The
differentiation of these two forms of glycosuns even with careful yeasting
of urie specimens or using newly developed enzymatic d tion of
urne glucose may be difficult (2m} and 1 discussed 1 Chapters 8 and 13

1. Renal Threshold and Glucose Tolerance Changes in Nondiabetc
and Diabetic Pregnancies, Earher studies of rarbohydrate metabolism
during nondiabetic pregnancies have indicated that gestation quite regu-
larly lowers the “renal threshold” for glucose and decreases carbohydrate
tolerance 1n some patients (3d-g) John<on and Bonspes (3h) using an
miravenous and Cobley and Lancaster (31) employing an oral glucose
tolerance test were unable to confirm the latter finding However, there1s
new evidence that the renal tubular mass nvolved in the reabsorption of
fitered glut - B Y 2 L. Rea te moster of
pregnancy ) nee
15 normal tn Preguancy vub Ll e sests wusy w vp ne
phasphorus 1s less than usual (31) Lund and Weese (3m) suggest that i
the mother gives birth to a large baby the mncidence of abnormally elevated
glucose tolerance curves during pregnancy rses from the ysual value of
eight per cent to 50 per cent

2. Insulin Requirements During and Following Diabetic Pregnan
¢ies. Impressions and reports of the effect of gestation upon the chnseal
course of pre evistent diabetes vary Thus Patterson and Burnstemn (2;!)
state that the msulin requirement was usually uraffected, occasmnalby
fell, and more frequently rose In the report by Barns apd Morgans (2 l
carbohydrate tolerance 1s desenibed as decreasing n the n'm)onty a; prenc;1
nancy progressed, but mereasing 1 some. In Zalhacus scnesh; c: .
equal percentage showed no change or a increase In severity, w‘; ; ol
crease oceurred 1n only two Given et al (2d,e) ndicate that in 131 preg
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naneres there wag no mproy ement as reflected an msuln needs on Tolstor's
Iiheral regimen and ketoacrdosis appeared 1n 16 8 per cent Oakley (2f)
states that the insubin requirement rose during the sccond and third tri-
mester 1n 75 per cent of the pattents Duncan’s and Fetter’s early report
{3n) descnibes s Mse 1w ansulin requirement 1 the first and third tnmester
and hypoglycemua after delivery Pedersen (30) and Bergqvist (3p) m
mare recent, series concur 10 finding an rmprovement 1 the first few months
and an aggravation m the seventy of the diabetes m the final months of
pregnancy In Jones’ sertes only rarely did the requirement deerease with
an snerease recorded in more than half (3q)

These published can be d by saymg that 1 a
runority of the patients the course of the diabetes appears to be umn-
fivenced, m the majority the seventty of the diabetes and the problems
of regulation mecrease, in only a few patents 18 the intensity of the dia
betes decreased and itg control simplified In terms of 1asulin needs some
have stated that the requirement falls and others that 1t rises dunng the
first trimester wheveas there 1s more wmform agreement that the dosage
defimtely 1ncreascs danng the thord tmmester and that ketoanidosis 18
partreularly frequent Following delivery an inerease m carbohy drate
tolerance usually becomes mamifest and hypoglycermia may appear 1f
msulin ad) 18 not corresy; gty reduced Tn terms of ev entual
effeets W hute has noted that the ultimate msulin requirernent tends to de-
cline following twe or more pregnancies (3r}

1L The Fetal Rish

1t has been dly stated that m y dizbetes presents much
more of 4 hazard to the fetus than to the mother

A FPertinty and Petal Wastage in the Diabebie

Though some workers that the di of sterile

13 o greater 1n diabeties (2m 4a, b}, fertility as measured by suceessful
mbation and eompletion of pregnancy 1s certamly deereased Thus, m the
ZiMiacus sertes (2¢) there were 32 diabetic patients in 31 976 consecutne
deltnenes This ratio of one disbetie to every 1000 nondrabetic mathers
3 o ly less than the of the probable inexdence of dra-
betes 1n women tn the childbearmg age as a whole based on the Ovford
Survey ({¢), seven per 1000 for the group between 15 and 44 years of age
Hawever, caleulations himited to term provide no

83 to what proportions of the decrease 1n fertility, m the sense stated
above, are 10 be aseribed to » dimmshed rate of conception and to very
early losses of imbedded ova and embryos The higher rate of recorded
sbortrons and premature deaths hnown to be present in diabetics {table
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25 1I) suggests that the latter is undoubtedly an mmportant and possibly
even the sole determunant of the reduced fertility The reports of the over-
all fetal loss range from more that 70 per cent down to 11 per cent and are
summarized m tables 25-1 and 25 11 (Ba~p) It should be kept 1n mund,
bowever, that these statistics are not comparable because of the vanety of
methods emplayed m presenting the outcome of such pregnancies

1 Role of hetoacidosis and Coma or Insulin Shock. Some of the
abortions, premature deaths, and stillbirths are known to occur followimng
diabetic ketoacidosis and coma or insulin hypoglycenua (23, e, 5a), but
these are not necessary precursors (2m) Understandably, younger dra-
betics do better (2a) The most extensive reports on the compheations
and outcome of pregnancy in diabetes are those of the Joslm group (ik,
5a 1} These include 439 viable births of which 58 per cent occurred
former juvenile diabetics In one segment of this serses treated with estro
gens i d: with the d of Smith and Smith (5a,
8a}, the fetal mortabity was the lowest ever reported, 11 per cent It 13 of
mterest that this record was achieved desprte the presence of retinopathy
and nephropathy 1n one half of the patients However, White's suggestion
(5a) that therapy with estrogens favorably affects the course and outcome
of such pregnaneies, though followed by some climcs (2p, 6b—e), has not
been umversally accepted Other workers have been unable to relate high
levels of gonadotropins and low levels of estrogens and pregnandiol to
feta} mortaltty (6f g) It has been wndicated moreover, that close super-
vision, (2¢, fm n Gh~1) and delivery at 36-38 weeks (2d, 6h, 1} themselves
yield p m

B The Predabetic Syndrome

It 13 to be noted, however, that the existence of the prediabetic syndrome
characterized by 1nereased fetal loss and birth of large babies makes 1t
probgble that the achievement of a perfect control of diabetes can by
wself never reduce fetal mortality to that present m the nondiabetic pop-
ulation as s whole Miller ef a! (72—¢) Kmnss and Futcher (7d), and
others {7e f) have shown that nondinbetic women who give birth to
large infants are mare apt to develop diabetes at a later date In the Kriss
and Futcher senies (7d) the probabihity was 60 per cent 1n those delivered
of mfants weighmg thurteen pounds or more Jackson {7g~) has shown
that the syndroroe may be mamfest m the male parent as well, though
there of course the birth of a large baby should not prove to be a pre-
cursor of maternal drabetes

Study of the rates of abortions, premature deaths, staiibirths, and tox-
emzag 10 this prediabetic state as 1t oceurs in females reveals an inereased
irequcncy several decades before the appearance of elinteal diabetes {7a-
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¢, ¢, 83, b) (table 25 II) Miller (7c) has pomnted out that the statistics
1 the so called nonconfirmatory studies of Dolger and Herzstewn (8c, d)
actually support the concept, though the frequency of such mamifestations
of the prediabetic syndrome 1s stall disputed (8e)

The existence of the prediabetic syndrome ponts to a somatic or
germinal defect 1 the parents or n the product of conception which be
comes mamfest when carbohydrate metabolism 1s 1n all probability normal
Hence, the maximal result to be expected at, this trme from 1deal and suc
cessful regimens of dizbetic eontrol 15 the elimination of the deaths which
hypoglycemia and ketoacidosis supermpose upon this inherited predis
posttion to a high rate of fetal loss This means, of course, that emphasis
at least equal to that given to diabetic control should be given to & search
for other variables 1n the hope they can be modified or circumvented
The prevention of hy dramnios and of toxema are examples of the former
while the beneficial effects of delivery at 36-38 weeks, first advocated by
Lasmhe (8f) three decades ago, and perhaps the controversial ssue of
hormonal therapy discussed above, 1llustrate the latter (8g—)

C Morphologic Changes wn Infants of Diwabelic Mothers Gross and

Microscopic

Larlier 1t has been pomnted out that 11 to 72 per cent of the fetuses which
reached term or survival age, 28 weeks or more, m various series wer¢
then lost by stillbirth or neonatal deaths The higher mcidence of large
babies 1n dinbetic and potentially diabetic mothers has also been men
troned ‘To these gross morphologte facts a third ean be added the meidence
of 1 Ties among <uch offspring 1s up to six tunes greater
than that in the nondiabetic population (1h, Zg, 53, 9a, b}, though this
may not be evident in smaller sertes (22, m, 4b, 5k)

To date 2 number of changes have been documented ag present 1n some
but not all autopstes of stillbirth and neonatal deaths of mfants born to
chabetic mothers Thus, measurements of the volume of pancreatie ety

also oceurs 1n nfants of nondiabetic mothers (10h, 1) and may vl a u
to adrenocortical hyperaetivity (101-n) The incidence of pulmonary hya
Jine membrane appears to be higher 1 mnfants in whom there 1s no obvious
cause of death than mn these who have lesions beheyed sufficient to hn:e
proved fatal (11a b) This may be merely a reflection of prer:alturel y
(11d h) and the more frequent recourse to Caesarean section and de! 6“1:1 ];Y
at the thirty sixth to thirty exghth week 1n modern care of pregnan
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betse pattents Alse, ervthropotesis in the hver and spleen has been chserved
m about one-half of the autopsied nfants (104, e} Fmally, m keeping

with the rad hae evidente of card: galy 10 infants who
swrvive {10g), eardiae enk has been d ated at autopsy
{11¢)

D Bichemical Chonges i the Neonatal Perod
1. Blood Sugar Concentrations. For rany years there has been much
concern gver the tendency of these mfands to develop hypoglycenua fol-
lowing birth This was Jogieal to the extent that the pancreatie islets were
known td be inereased tn size (10b-g) Vartous regunens of glucose ad~
t were used to %, the low blood sugar levels found m
wdards born of dishetie mothers (125~f) However, eontrol observations
on infants of nondiabetic mothers to determine whether thus was an un-
dueor a charactenstie degree of neonatal hypoglycemia were lacking When
these boeame anmlable (120-h) (see Sigure 25-1) 1t was realized that pro-
nounced asymptomatic lowermg of blood sugar levels after burth was o
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Low blaod suger Jevels were present . abaut ame-hulf of thas group of heslthy
male {sohid eqrcle) end female {open crrcle} rofsats bomn at the Elasbeth Steel
Magee Hospital Messurements dunng the first 12 bours were made 1 fasting new-
boms Bubsequent, samples were obtaned 3 or 4 hours foliowing the Jast feeding

¢ findmgs are in Leeping with the obseriatians of others and mdwate that low
blood sugar concentertions ere mat homted s htberto beheved to wfants born
of dubetic mathers {12g)
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phystologic event 1p many 1mnfants of both diabetze and nondiabetic moth
ers and usually did not require special therapy (21, 12b~f) Howes er, this
15 by no means a universal view (121)

2. Serum Anjon-Cation (Acid Base) Balance. Measurements of the
total CO; content and pH of the sera 1 infants of diabette mothers duning
the neonatal period hay e revealed the lowening of setum brearbonate levels
charactenstieally present n the pregnant adult female and the normal
newborn mfant (51) The work of Marples and Lippard (13b, ¢), of Bran
ning (13d), and of others (I3¢, f) 1 normal mfants beyond the neonatal
period has indicated this to be a compensated metabole acidosis {pH
values are normal) secondary to hyperchloremma and at times to a lowering
of sodum concentrations for undetermined reasons This 13 to be differ
entiated from the uncompensated respiratory acidosis with icreased Peo,
and decreased pH values hunown to be present in the first few hours fol-
lowing birth (13f) In the infants of diabettc mothers there has been noted
a prolongation of this unexplained early respiratory acidosis (51) The
changes n the other electrolytes have shown no pattern (51, 13a)

Recently Engleson and Bjorklund (14) have suggested that potassum
deficiency may be the cause of sudden cyanosis and cardiae dilatation
m infants who appeared perfectly well at delivery Kass (14) has cbserved
one miant who collapsed suddenly 13 hours after birth with electrocardio
graphic evidence compatible with hypokalemia present Within three hours
of the ad, tration of V2 gram of p chloride by stomach tube the

of drographic changes disappeared The infant recovered unevent
fully after further dosage with potassium chloride m the third, fourth, and
fifth days of ife Zeiterstrom and Aberg have noted marked potassum
retentron and sodm diurests m newborn mfants of diabetic mothers, sug
gesting that mtracellular sodium stores were mereased at bith {15a) The
presence of cortricords 1n the armotie flud of a pregnant disbetic suggests
that adrenocortical hyperactivity plays a role in these cell potassum and
sodtum changes (15b), as does the high urmnary excretion of oxysterods
and of 17-ketosterords by infants born of diabetie mothers {15c)

Summary

t

15 generally recogmzed that pregnancy n the diabeut Uerivoay « -
ance for carbohydrate and that the insubn need nises ‘Though ketasihs al:sd
sardosis from this or other causes may precipitate such fetal accidens,

f
wadan ot reenlation of diabetes 13 not the usual eause :l'he ?‘X_S(ﬁ:“’:;g

this
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posibihty Netrther docs the explanation he s the fower fetal and nea
natal mortahty reported wn some chities employing estrogen therapy since
thas record can be matched b} xmpravemcnb of antenatal eare and earhier
dehvtry An \mdue d hyahne t
dy, and Hary b ¥ found at

autopsy of such infants

The by pogly cemua of the mfant born to a diabette mother 18 usually no
greater than that seen 1n the nondiabetic population There 1z evidence
however that anton eation patterns of such mfants may be abnormal
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CHAPTER 26

The Occurrence of Neuropathy, Insulinogenic
Lwpodystroply and Necrobiosis Lipordica
in Diabetics

The cluld or adult may develop three other concomtants sequelae or
comphcations of dinbetes mellitus m addition to the ketoacidoss altered
gronth and development vascular disease duodenal ulcer and hepatic
dysfunction diseuseed in preceding chapters Neuropathy the first of these
fortunately spares the yuvemle diabetie at lewst durng the earls years of
the childhood phase of the disorder but can be severe and disabling 1n the
older patients Another nsulnogenic Iipodystroply 1s relatnely un
mnportant and occurs more often n children then sn adults The third
necrobiosts ipoidiea 1s mfrequent as an extensive mamfestation

T Neuropathy

In the patient who develops diabetes mellitus after reaching matunity
neurcpathy 15 a distressing and i all symptoms and s:igns are taken ito
account & relatively frequent complication (lam 24 f h 3ag 4a b
5a~d} The actual incidence 15 1 doubt howes er because not all workers
accept as Jordan (1a) Rundles (1b ¢) Goodman et al (1d) and others
(le f} have that any pan or parcsthesta occurring in the diabetic 1s to
be aseribed to digbetes In these sertes neurologte changes were present in
50 to 93 per cent or more of the patients

The mamfestations can take the form of 1) peripheral neurtis which
18 especaally apt to 1nvolve the sensory component producing paresthesta
(dysesthesta foo 2¢ a perverted mterpretation of sensaton) pam which
18 often worse at mght hypo or areflevta and imparrment of perception
of vibrabion jomt poubion and less commonly of pin prich and touch
sensation (cranmal nerves also are affected with extraocular muscle patsy
(22 %) and with pupillary changes but these may refleet i olvement of
the pretectal area of the brain) b) possible dorsal column dicease with
smpurment of vibrafory and position sen<es (! ough these changes mav
result from perspheral neuritis alone) and with evidences of tabes dmbch;:
(2f 83 g) ¢ central nervous svstem dysfunction with encephalapat]

478
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(la—e, g),d) autonome sy stem disease evidenced by vasometor instability,
hypotension, dizziness, decreased sweating, bladder ateny, impotence,
dearrhea or constipation (1a f, 4a—¢, 54-d), and e) combrned v olvement
23 of the autonome system and the peripheral rerves tn Charcot jomts
and trophc uleers

1t should be pointed out, however, that the precie nature of such neuro
logic disturbances and the mechamsms whereby therr manmifestations are
produced have not been firmly established Thus m the case of orthostatic
hypotenston first reported two deeades ago (5¢) and described at intervals
«nce then (5f g) the decrease 1 blood pressure with changes in posture
has been attributed to mervous mechamsms It has been proposed that
defectrve artenial yasoconstriction (5f g) an inadequate reflex autonomie
response to pooling of blood m the dependent parts of the bedy (5h) and
segregation of blood 1n the capillary and venous system (51) were re
sponuble (57)

A Etiology and Climcal Course of Diabetic Neuropathy

In <ome of the studied eazes evidences of arterosclerotic changes i the
vasa nervorum have been found (6a) This has been taken to represent a
further 1nstance of the diabetic s susceptibility to vascular diseaces How -
ever, there 13 no necessary correlation betw een occlusne vascular changes
1 the diabetic and the occurrence of neuropathy (6b) In those patients
m whom the veseels are intact the neurapathy s attnbuted to biochemical
disturbances occurring 1n the course of diabetes (1d), or to some umdent:
fied dysfunction of vitamin metabohsn (3g 7) Recently Fagerberg has
suggested that diabetic ncuropathy has the eame pathogeneais as retin
opathy and nephropathy {(Gc)

The nork of Mirshy et al (3b ¢) and of others (3g) supports the view
that irrespective of s ctiology the neuropathy s evidence of another
locus manors resistentiae 1n the diabetic since 1t can appear before there
13 evidence of the dialietes stself The agh mnerdence of neuropathy i dia-
beties as a group docs not, of course exclude degeneratis e central nervous
ytem discases tumors and even porphyria (8a) as poesable ctrologic fac
tors of neurologic dicorders mn some diabetic patients

The clmzeal onset of disbetre neuropathy may assume one of several
formas Most often the penpheral neuritis or other neurologic abnormality
oceurs m the course of unregulated diabetes which has been present for
several years but may be of relatnely reeent onset, with regulation im-
proyement ean but need not appear (1d ¢) In other cases the neuropathy
beeomes mamifest as diabetic control 15 1mposed upon previously mnade-
quately treated cases The latter 35 relatively infrequent, making up less
than two per cent of the serses reported by Goodman et al (1d)
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B Incidence of Neuropathy i Juvemle Digbetics

Pam on the basis of perspheral neuritis, so common 1 adult disbetics,
has not been deseribed and 15 but rarely encountered, af at all, 1 the early
years of juvemle diabetes Moreover 1m at least one study 1t has been re-
ported that vibratory sense, which 1s a functional elaboration of touch,
posttion, and pressure (8b-e), 1s intact 1n juveme diabetics under the age
of ten (3d) Howeter, m this group of patients there were many 1n the 1¢
to 20-year-old group (18 out of 44) who did have evidence of Vibratory
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smparrment The s olvement ranged up to 40 per cent Foss m the upper
ovtremitics and as much 88 o 70 per cent deerease 10 the lover Our find-
10gy, based on guantstative messurements of the vabratery sense n chif-
dren are shown in figures 26-1 and 26-2 (8f) The rise m thresheld which
oceurs with age s quite definste 1n test areas in wlneh the range of vana-
tion, from pattent (o patient 18 smalt Two of our patients 1 the nine- and
ten year age group vere the youngest in whom wmpared perceplion was
provent

A number of other authors {1a b) hase included oceasional jvemle
diabeties nho devefoped neuropaths before or after reacking adulthood
These are histed m table 26 T Perhaps the most tronblesome of these are
the patwents with diarrhea which 13 watery and tends te be nocturns! The
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T'te 26-3 InSULINOGENIC ATROPITY v DraBETIC CRILDREX
Coreles refer to patients without atrophy numersls 1 quadrants mdicate diameter
of atrophe areas 1n inches on night and left arms (RA LA) and night and left legs
{RL LL) In this cross-sectional surves of a group of our disbetic patients atrophy
occurred somewhat more often and was more marked m girls than m boys With
but one exception atrophy did not appear m this sertes during the first year of
diabetes

these possibthties were tly excluded by suitable chnscal and ex
permental trials (100, 11c) The behef that the type of insulin affected
the ineidence (11f) has not been substantiated (11g)

The findings 1n our series (figure 26 3) are i heeping w1th the reports of
Marble ef al (11b) who found atrophy m 40 per cent of the male and 50
per cent of the female juvemle drabeties after 12 months of therapy or
longer In adults the meidents 1s lower ranging down to <even per cent
(11b, g) and occurning largely but not exclusively i females Atrophy has
al<o been reported in a nondiabetic female (11hj who recerved mnauhn for
three weehs 1n an attempt to stimulate body werght gam Tlus preponder
ance m females may be related to the thicker layer of subcutaneous fat
(111 j), though Aarble's studies have shewn no correlairon with obesity
as <uch In a group of our diabetic children the subcutaneous fat 1n 66 boys
averaged 045 cm and 055 cm 1o 45 girls

Tt has been suggested on the basis of pattents v hose msulin requirement
rose during hy pertrophy and in others who deyeloped atrophy that these
local reactions are causes of * brittle ’ diabetes (se¢ Chapter 16) presum
ably by mterfermg with msulm absorptrion (11K) Thus has not beea ovr

experience
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B “Hypertrophy” at Sites of Insulin Injection

As the chowe of the torm hpodystrophy imphies, seeling or “hyper-
traphy’ ot the sites of insubn injection hag alo been noted {i1a, b, b)
Hownever, there have been no detaded stat of the relatise merds
of sneling and of atrephy Netther 152t clear that swelling mentably re
sults 1 atrophy Our awn obscruztions on these pomts are houted to o
eraes secttonal rather than 2 sequeptial survey {(figure 26-4 and table 26
It} Swelling alone was present 1m 39 per cent of the boy s and 44 per cent of
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Ta this group of disbetic chuldren under aur eare ewelling occurred with Approx:
mately equal frequency ead to a0 equal degree m boys ad guls (Zero indicates
none and oumerals 1n 4 quadrants wedicate diameter of mvolved ares 1 anches )

TABLE 26 X
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the girls, the mneidence of atrophy without assocated swelling was seven
per cent and 16 per cent m the two groups respectively Both atrophy and
s elling were encountered 1n 11 per cent of the boys and 16 per cent of the
girle Freedom from both atrophy and swelling was observed almost twice
s often 1n tho male as 1n the female yuvemle diabetics

C Therapy of Subcutaneous Hypertrophy and Atrophy Jnduced by In-
sulin Injections

Repeatedly vanous workers begmming with Depisch and Barborka m
1926 bave suggested that the stes of mjection be rotated to mmmze
these local reactions (102, b, 8, z, 116) This view unfortunately has only
served to 1nerease the number of 1nvolved areas Boller thought that co-
caine or novacaine might be effective as a preventive (10r), a hope which
has not been reahzed

More recently there have been sey eral suggestions v hieh appear warthy
of trial Collens et al (111} have shawn that reinjection of atrophe sites
with the daidy dosage of insulin deereases the magnitude of the deformty
without discermble influence on diabetic control Workers in England
{Fox, McConnell, Pemberton, and Watson (11m)) have reported that the
admixture of hy aluromdase and insulin prevented the development of new
areas of atrophy m previously susceptible children despite one and one half
years of therapy without rotation of «ites They used 3mg of hyaluromidase
per 400 umts of msulin 10 a mixture prepared within exght hours of use
PDuncan et al (11n} believe that allow ing refrigerated msulin to reach room

tures before use el or these loeal changes

Finally, spontaneous disappearance of atrophic areas may occur Chap-
man (10f) has described a patient 1n whom subcutaneous tissue fost after
Jarge anjections of insubm i the left thigh reappeared without therapy

tno and one-half years later
T Necrobiosis Lipoidica Diabeticorum and
y (Diabeticnm)

Necrobiosts hpowdien diabeticorum when present usually affects the
Jower extrermties of women (1213} We have seen two examples of this
<k ehange 1n former Jjuvemle diabeties (figure 26 5) It may also cccur
1n nionchabetics (12k) Tt begns as red papules whick enlarge at the perph-
e and become depressed in the center leaving a plaque-hke ring with &

-purplish tinge The shin becomes tence and atrophie and telangree-
aces by Laymon and
with meressed

yellow
tases appear (121) Histalogic examination of 41 ¢
Fusher (12b) revealed necrobiotie changes i the collagen "
hmds and diffuse cellular snfiltration Sowe workers suggest that f 1:
le<ton must be differentiated from granuloma annufare (12b,c} They pom
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It Irs been recoginzed thit \ mthom ttous shan lesions, meluding pal
pebral santhelasma, may ipperr m untegulited diabetses and decre e
or disappenr with adequate controt (131-f) ‘Thus manifest itron 15 related
to the 1esoeaated Iy perlipermia wath an anerease m the & ©20-100 and 100~
400 hpoprotemns {13g) rather than to the diabetes per se 1¢ has been sug
gosted (13b) that the most appropriate tum for this shin change 15 xan
thema cruptnum {drabeticum)

Stmnmary

Naurepathy 1s an mfrequent occurrenee 1 juventle diabeties durmg
thar carly course but drabetics of all ages may devclop perspheral neurop
ithy mpurment of vibratory «cnse cerchrd ind eramal nerve disturb
inces or wtonomne drordars Though these generilly oceur 1 nude
quitdy contralled diabetics, they muy ficst appewr i patints as
sattsfactory control s aclueved Therapy 1s emprrie and must be perastent

Inwrthinogenie lipody strophy, te swelling or atrophy at the sites of m
sulin mycetion devclops more often n females than i males and m ehtldren
than mn adults The orgins of these changes are obscure and views on
therapy are varied
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