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METABOLIC CHAWGLS I DIABETES HELLITUS

Dicbetes mellitus is a common disorder of energy
metabolism which results from an absolute or functionel
deficiercy of insulin - Insulin deficiency leads to im-
pairement of glucose transport, to a decrease in sitorage
end synthesig of 1ipids, and to a decrease in synthesis
of protein., These biochemical alterations lead 1o specific

acute and chronic eliniecal feztures,

Diabetes mellitus is probvably the most comnon
serious erndocrine problem, it occurs in all races and in
2ll geographic areas. 1It8 zeographic prevalence varies
widely, in some —easure in relation to differerces in gene
frequencies, but likely mcore ir relatior te¢ nutrition=sl
and other erviromental factors., Epidemioclogic studies are
in general esgre=uent thet acout one per cent of adulis in
the urnited stateg are mowr to have dizbetes, =:2d that e
corparable number, as gy be determinal by screenirg pro-
cedures, have asjympiomatic carbohydrate irtolerance or

"shnemical diabetes?,

The prevalence of diabetes irncreases with zge and

body weight. Diahetes occurs i: approximately 1 of 2500
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children under 15 years of age ard 1 of 1000 school age

children, with no sex preference, "Kelson,(20)l975"

It is very uncomuon in infancy. The prevalence of

known diabetes increasges fron 8 per 1000 adults in the

age range from 25 to 44 years to over 60 per 100C in

those over 60 years of aze. Aboui 4 per cent of persons
known to have dizbetes have had the onset of clinical
feztures before they were 15 yearz of age. Screening

of sibling with dichetes has disclosed that 12 to 25 per
(4)

cent have asymptonatic carbohydrate intolerance. "Cooke

et al,, 1966™,

There ic overvwleliing eviderce thet rost ceses of
diabetes mellitus are geritically determined. The uiode of
genetlic trensmission, nowever, iz =7ill uncertain, as there
is no specific senetic merker. /[utoso.:zl recessive trang-
miszion hag been most frenuertly proposed, irn which cszse
one would antficipate the eventuzl development of diasbetes
in 100 per cent of childrer oI two dizbetic pasrerts ara of
identical twins of diabeti:cs. "Cooke(4) et sl., found
overt diabetes in only 4.% p=2r cent of children ol two

diabetic parents, =nd Ielt tnat ornly 25 per cert would
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eventually becomes, diabeiic. Some have suggested that

diabetes is best explained on a multifactorial or poly-
genic basis. JIts proposed thet there are several genes
that may affeet carbohydrate metzbolism and that an accum-
ulation or association of genetic defect would lead to in-
¢reasing biochemical and clinical alterations. The ex~
pression of these genetic disturbances is proposed tc be
greatly influenced by = variety of enviromental factors,

guch as diet, body weight stress, and soforth.

Aetion of Insulin(Bl) :

Insulin is a powerful hormone with broad influences,
Direetly or indirectly, it zffects the structure and fune-
tion of every organ ir the body - indeed, of every .iochemical

constituent,

The amount of insulin action depends at lezst on the :

8) amount of insulin secretion,

b) insulin distributior,

¢) amount of insulin binding to ite specific receptor,

e) types and amounts of nutrients ingide and outside the cell,
f) types of ions and their concentrations , and

g) amounts and types of other hor.ores.
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Some of the tigeunes that insulin has been shown

to affect are : muscle (skeleial & heart), adipose tissue,
liver, leucocytes, mammary glsnds, seminal vesicles, fib-
roblasts, smooth nmusele cells, cartilage and bone, gkin,

leng, pituitary, peripheral nerves, aorta and thymocytes.

Insulin!sg main function are to stimulate anabolic
reactions involving carbohydrate, fat, proteins and nucleic
aeids, It catalyzes the formstiox of maeromolecules ir cells
which then are used in cell structure, energy stores and re-
gulation of many cell function., Insulir stimulztes the syn-
thesis of protein from amino acids, nucleic acids from mon-
enucleotides, polysaccarddes frorm ronoszccharides, and

lipids from fatty =zcids.

The followlirn. are gome of the specific z=ctions of
insulin,

Insulin increases :

a) DPlasma membrzne trarnsfere of glucose and certzin other
monosaccharides, some amino acids, some fatty acids,
potagsium and magnesiuug

b) Magnesium activated (Ia + K) ATPase activity;

c) Glucose oxid:tion;
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d) Glycogenesis;

e) Lipogenesisg
f) Proteogenesis, and;

g) Pormation of ATP, DiiA, and R.A.

Insulin decrease :

a) Glycogenolysis,
b) Lipolysis,

¢) Proteolysis,

d) Gluconeogenesis,
e) Ureogenesis, and;

f) Ketogenesic.

Some of the zctivities of insulir results frono
1t's inhibition or the supply of CAKP, causing less
activity of protein kinase, Tidis is associzted with
less phosphoryletion of ergzymes, but an increase in
activity of some nonphosphorylated enzymes. Thae lztter
enzymes tend to promote anaboliom 3 glycogenesic, pro=-
teogenegis, liposenesis, increased levels of nucleic

aclds, and mitogecnesis, Insulin does rot stinulate

glucose transport in red blood cells or ir the brain, nor

does it promote tubuler resbsorption of glucosec by kidney
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(26)

or glucose absorption by intestinal mucose. "yiliams,

19747,

Pathogeneslis of Diabetes iellitus :

Diabetes mellitus occurs when there is a funct-
ional deficiency in circulating insulin. This may occur
through seversl disgtinctly different mechanisms. The
traditional view is that it resulfs from a deficiency of
synthegis and or release of ingulin from the beta cells
of the pancreas, 1in which case the concentration of in-
sulin in the peripheral circulstion would be zero or low,
and the usual response to challerze with insulinogenic
agents would be absent or grossl; blunted. In adult
disbelics, however, or in children with chemiczl disbetes,
isulin levels may be higner and the responses to stinula-
tion may be greeter thar normel, “here are threc possgible

explanations.

I~ pDefective ingulin molecule concept :

O'Brien has proposed thaet certain forms of diabetes
may results from the production ol a biologically defective
insulin woleeule. 3Such a molecule would be detected by

imiunoassay as "Insulin® but have decreased biologie activity;
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The discovery of pro-insulin, the naturally ocouring immediste

precursor of insulin, may fit into this concept. Pro-insulin,
a gingle-stranded, cross-linked polypeptide, is found in the

general circulation of normal subjects in very minimal concen-
tration or not at 2ll., I{ is found in inereased concentration

in obesity and in some cases of islet cell adenoma;
Stuwdies to date do not sugzest that the hyperinsulinism
commonly seen in meturity - onset disbetes can be explained on

the bagis of large amountis of pro-insulin in the circulation.

IT~ Sluggish insulin release concept :

In the normal individual the ingestion or injeection
of insulinogernic compounds such as glucose, sulfonylurea
compounds, aminoacids or glucagon leads very rapidly to re-
lease of insulin from the pancreas., There is evidence that
in patients with maturity onset type of diabetes, a basic
defect is an impairment in insulin release following glucose

to rise more rzpidly ard to higher level than normal;

ITTI- Insulin resistance concept 3

In acromegaly, in cushing syndrome ard in patients

with pheochromoeytoma, specific :ori:ones, elaborated in excess,
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effectively antagonize the action of insulin at one or

several biochemical sites. iost patients with diabeies
have no elinically apparent features that suggest excess
of hormone antagonist to insulin., Growth hormone contin-
ues of hormone antagonist to ingulin. Growth hormone con-
tinues to be of sgpecial interest in this regard. Growth
hormone levels are frequently elevated in overt diabetes,

particularly in juvenile diabetics under poor control.

Other factors that may effectively interfere with
the action of insulin at the cell membrane include a mat-
erial extracted by vVallance-Owen from serur: of diabetics,
which antegonizes insulin action in vitro and is knowm sas
synalbumin, It is considered by soue as z specific marker
for diabetes; A hizghly specialiged form of insulin antegon-
igm occurs in patients with lipoztrophie diabetes, The
antagonist, the so-cazlled 1lipid mobilizing factor, is probebly

either pituitary or hypothalmic ir origin.
Diabete:s is reported to be more com.on in children

who have ad congenital rubellsz - pancreatitis may rarely

result in dicbetes, epecifie exz . -les occuring occasionally
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in mumps. Disbetes may be a late complication of coptic

fibrosis. Levels of antibodies to coxackie virus B have
been reported to be elevated in children with recently

diagnosed dizbetes.

Diabetes occurs in incressed incidence with such
autoimmune endoerine diseases as Hashimoto's thyroiditis
and Addison's disease. Antibodies to thyroid, adrenal
and gastric tissues are found in approximately 15 per cent
of childrern with diabetes and are found in jincreased incid-

ence and titerg in families of sueh children.

Disturbasnices ir the physiologic processes occur in
proportion %o the degree of insufficiency of insulin, the
rzte of utilization of sugsar anc tle respiratory guotient
decrease : hyporglyecezia end glycosuria ernsue. Sorichment
iz thus locgt. Ls the loss of sugar incresses, protein is
drewn upor in 2n sttempt to rev_cce sugar to supply erergy
znd as & recult, a negative nitroze. balence ensues, and
wasting of tke uscle beco~es pro inent. There is an in-
creaged output of sugar fromn the liver. synthesis of fat
from carboiydraste is reduced or even stopped. Alse, the

catabolism of fat is speeded up in direct proportion to the
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reduction of carbohydrate atilization., As lipolysis 1s

accelerated, a point is reached when ketones are produced
in quantities beyond the capacity of the tissues fto uti-
lize them, and the excretion of ketones in the urine foll-

owsg.

Unless these processes are favoursbly influenced
by treatment, they tend to progress until the capacity to
excrete ketone bodies is reached. It is at this stege thet
the retention of ketone bodieg in the blood becoues defec-—
table irn an inecrecsing a—ourt, Unchecked, these processes,
with great lztitude in the ranges of progressiveness, will

lesd to =z fatal outcome.

Setien, in investizatizz biologic processes urder
normel conditiors, o considerable portion of the Lody It
is broken dowr resynthesized d=ilv :trnd tnzt insulin is
guantitztively -lore irnvclved 1 ¢he syntresis of fzt irc.
carbohydrates thex it is in the s, rthesis of zlycogeon.
Indeed, about ten times =5 .ach eg suagsr goes irto the
formatior of zlycogern, Ixn the di:setes, both of trece
processes fat axd zlyco-er production are irterfered with

to a great degree, and sug.r, nornclly used in fot o
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zlycoger production, is not utilized in normal amounts but

accumulates in the blood and is excreted,

The disturbance in metabolism in diabetes are remar-
kedly accelerated and increased in degree by acute infections,
and, toxeamias., PFacilities now at hand have reduced almost to
the disappearing point, the risk of which these caompiications

formerly held,

Pifty-five years age, Joslin reports, 63.8 per cent
of the patients died of diabetic coma, where as now a death
due to this corplication is unusual - 1.5 per cent in 1944~

1956, and, nc deat: in 1956.

Forzerly, cttention was Iccussed or the changes
recorded above, =xnd their immedirte ramifications. The

picture has charged.

Diabetes, by lendirg itself well tc control witn

5

diet, insulir exnd oral hypozlyceilc azents, nas been sub~
duced, and life has been reuzrkably prolonged. 4 the

scute difficuliies yielded o therzpy and longevity was
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