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12 37-1 7 A schematic view of the pivetal location of the pancreatic islets, Secretion o-f -T;he:
i :o;';!jg:}es [ngulin. and glucagen ia coordinated with secrotion of exocrne pancreatic
enzymesTloth ars st‘u&%lated by eutry of nutrents inte tha gastrointestinal tract and by gas-
trainizastinal hormonss=ialst hormones are secreted into the portal vein and thereby reach.the
liver with the subsirate produgis of nutrient digesl.’mﬁWithin the liver they alfsct the metabc-
list of the ingestad subs:rates.@lsket liormonas that pasgtlirough the liver with substratas affsct,
dlapegition ¢f thesa substrates by peripherel tissuest1#4urn theso substrates feed bagkon the-
pancreaic (slats to modulate the gecration of insulin and glucagon. ’ - ;
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Alpha cells (Glucagon}

Beta cells {Insulin and amylin)

Dekta cells (Somatostatin}

Fcells (Pancreatic polypeplide)

FIGURE 34.1 Major cell types in a typical islet of Langerhans,
Note the distinct anatomic arrangement of the vanous cell Types.
{Modified from Orci L, Unger RH. Functional subdivision of islets of
Langerhans and possible rolc of D cells. Lancet 1975;2:1243-1244.)

Amylin is a 37-amino acid peptide that is almost
exclusively expressed within pancreatic beta
cells, where it is copackaged with insulin in
. secretory granules; ’Preclinical data indicate
that amylin a_cts as a neuroendocrine hormone that comple-
rrlwenft_s the actions of insulin in postprandial glicose homeosta-
5iS via se\{eral rmechanisms. These include a suppression of
po:stprand!ai glucagon secretion and a slowing of the-rate at
yvl'.uchv nutrients are Qe[ivered from the stormach to the small
intestine for absorption.:
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] Table 19-1. Cell types in pancreatic islets of Langerha_ns.

Approximaie %
Cell Types of Islet Mass Secretory Products @

A cell {a) 20% Glucagon, proglucagon

B cell (B) - 75% Insulin, C peptide, proinsulin
D cell (6) 3—5H% Somatostatin

F cell (PP cell) < 2% Pancreatic polypeptide
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Figure 78-2 Schematic of the hurnan proinsulin molecule, which

is cleaved in the Golgi apparatus of the pancreatic beta cells to
form connecting peptide (C peptide), and insulin, wiich is com-

posed of the A and B chains connected by disuifide bonds. The
C peptide and insulin are packaged in granules and secreted in
equimolar amounts, along with a small amount of proinsulin.
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W Insulin and alucaon arovide sh 011
regulunon of plus_mafglumse lev*els-i
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Othier hormones involved in the regulu on
| of plasma glucose

Insulin and glucagon play a pivoral role in the fine regulation of
plasma glucose levels—indeed, insulin is che only hormone
capable of lowering plasma glucose, and glucagon is the most
imporcant hyperglycemic hormone. Nevercheless, a number of
other agents also contribure to the maintenance of a stable blood
plucose, as well as mobilizing glucose when necessary. These
hormones include adrenal corticosteroids, growth hormone, the
catecholamines, and the chyroid hormoncs.\i




A Glycogenolysis

- Gluconeogcnesis’
r>- Lipolysis T
¢ - Inlibitlon of

glucose uptake

“All the provesses Tisted on the lelt—glycopenaivsis, gluconeogonesis, lilmlysis.- and inhibition of glu-
cone upliske —are apposed 1o jusadin's actions and are stimnlated by one or more of the glucose-coun- -
terrepdiion hornmnes in the tble, Av X indicates that the hormone stimulates the provess; no X -
indicates tiat the hormone has na wajor physiological ¢ffect an the process, Epinephrine stimulates -
hveogenolyais i both liver wd skeletal guascle, whaervas gluc;lgun does 50 QHE' in liver, ’
T My a great extent insulin iy be viewed as thc Imunone._- ,
of plenty.” s seeretion and plismia concentration:arein-.. .-
creased during the absomptive period and decreased dur-;
ing postabsorption, wod tesse cliges are’ adeguute e
enuse wost of the motabolic changes wssociated-withthose
pericds. Lo additon, opposed i various ways: 1o insulin’s
elfeets are the actions of lour mujor glucose-counterregu-
Ltory controls—glucagon, epineplivine and the sympa-
thetic nerves (o the liver and .ldlpu\c lissue, cortisol, and :
growth hormone (Table 18-4)FGlucagon and the sympa-. . -
thetic nervous system are activated during the postabsorp-.!
tive period {or in any other situation with hypoglycemia) .
and definitely play roles in preventing hypoglycemia, glu-"
cagon being the more important! "The rates of secretion of
cortisul and growth hormone are not usually coupled to -
the absorptive-postaborplive pattern; nevertheless,their -
presence in the blood at basal concentrations is necessary.
for normal adjustinent of lipid and Larl%chydr.lte metabo-
lism to the postabsorptive period, and excessive amounts’
of cithier hormone cause abnormally elevated plasma g]u-'.
{cose concentrations. S
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INGULIN RECEPTOR

Insulin——s- Insuhn )
G —_ Extracellular fluid

! w’ il z;ﬁﬁﬁﬁzf\{ff 3 ol memorans
dudnannaniininoe

OSINGY:
I?;;,,a_,’.o WAl Intracollular tluid

FIGURE 9-28. Structurce of the
Insulin receplor. The two « sub-
units are connected by disulfide
bonds: each « subunit is con-
nected to a4 B subunit by a disul-
fide bond. The 8 subunits have
tyrosme kmase actmly P

Insulin receptors are found on many different cells

in the body, including cells in which insulin does not
increase glucose uptake. The receptor is made up of 2 «
and 2 B glycoprotein subunits. The subunits are linked to
each other and to J3 subunits by disulfide bonds. The o
subunits bind insulin and are extracellular, whereas the 3
subunits span the membrane. The intracellular ends of
the B subunits have tyrosine kinase activity. Binding of
insulin triggers the tyrosine kinase activity of the
subunits, producing autophoisphorylation of the [
subunits on tyrosine residues. This autophosphorylation
in necessary for insulin to exert its biologic effects.
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E TFig. 46-10 Mechanisms of insulin action on cells. Tn3u-
lin binding to a-subunit of its receptor causes antophosphory-
lation by ATP of an intracellular B-subunit receptor site that
generates tyrosine kinase activity. Glucose transponers are
then moved to the plasma membrane and facilitate glucose 2n-
try. The r'cr;cptor tyrosine kinase is presumed to pliosphorylate
protein kinases and phosphatases, which in wm actdvate oc
deactivaic target enzymes of glucose metabolism by phospho-
rylation or dephosphorylation. (This may be aided by gznera-
tion of ‘a separate inositol phosphate glycan second messen-
ger,) By still undefined mechanisms, a transcription factor(s)
is generated -that stimulates or represses Zene transcription
through an insulin response element (IRE) in DNA molecules.
Alse independently potassium, magnesium,.and phosphate
entries into the cell are [acititated, -



Table 78-1 Factors and Conditions That Increase or Decrease

[nsulin Secretion

Increase Insulin Secretion

Increased blood glucose

Increased blood free fatty acids

Increased blood amino acids

Gastrointestinal hormaones
{gastrin, cholecystokinin,
secretin, gastric inhibitory
peptide)

Glucagon, growth hormone,
cortiso!

Parasympathetic stimulation;
acetylcholine

B-Adrenergic stimulation

Insulin resistance; obesity

Sulfonylurea drugs (glyburide,
tolbutamide)

Decrease Insulin Secretion

Decreased blood glucose
Fasting

Somatostatin
o-Adrenergic activity
Leptin
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Figure 78-7 Basic mechanisms of glucose stimulation of insulin
secretion by beta cells of the pancreas. GLUT, glucose transporter
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tHigure 78-8. Approiimate increase
different plasma glucose levels, :
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'In controls, the maxium
response is reached when
only approximately 5%
of the receptors are
occupied by insulin.

In the cells from the Type 2 diabetic,
the same maximal response is reached,

but only at a much higher insulin
concentration.

A

Controls

Glucose

transport - Down reguiation

of receptors and
impairment of
postreceptor
signalling in type 2
diabetes

0.1 1 10 100 1000 10,000
Concentration of insulin (uU/ml)

FIGURE 50-7. Response to insulin of normal and “downregulated” adi-
pocyles.
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Figure 78--7. Increase in plasma insulin concentration following |

a sudden increase in blood glucose to two to three times the
normal range. Note an initial rapid surge in insulin concentration
and then a delayed but higher and continuing increase in con-

_ centration beginning 15 to 20 minutes later.
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