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FIGUHRZ 27-1 A schematic view of the pivotal location of the pencreatic islets. Secretion of the
1ra0nes insuiin- and gliucagon is cocrdinated with secretion of exocrine pancreatic.:
es=3oth are stiigulated by entry of nutrients into the gastrointestinal tract and by C”‘S-:
intest ‘n_.l hormo: 1eﬁslet hotmones are secreted into the portal vein and thereby reach. t.‘v
liver with thie substrate preducgts of nutrient ngeathLﬁNﬂ.hln the liver they affect the msatabe-’ ;
lism of ths ingested substrate:.C’L‘a hormmonas that pasgthrough the liver with subastrataes af‘ec.-
disposition of thess substrates by peripherel txssues“lépurn these substrates Leea bacx on th

pancreatic ivlsts to medulate the gecretion of insulin and giucagon.




Alpha cells @ (Glucagon)
Beta cells (Insulin and amylin)

(Somatostatin)

(Pancreatic polypeptide)

FIGURE 34.1 Major cell types in a typical islet of Langerhans.

Note the distinct anatomic arrangement of the various cell types.
(Modified from Orci L, Unger RH. Functional subdivision of islets of

Langerhans and possible role of D cells. Lancet 1975:2:1243-1244))
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Amylinis a 37-amino acid peptide that is almost :

exclusively expressed within pancreatic beta

cells, where it is copackaged with insulin in

<ecretory granules; 'Préclinical data indicate
that amylin acts as a neuroendocrine hormone that comple-
ments the actions of insulin in postprandial glucose homeosta-
sis via several mechanisms. These include a suppression of
postprandial glucagon secretion and a slowing of the rate at
which nutrients are delivered from the stomach to the small
intestine for absorption.’
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Table 19—1. Cell typés in D;an'creatic' islets ofﬂl_érvwiée}_ﬁné-ns‘. -

f

o,

i
| Approximaie % |
- Cell Types of Islet Mass Secretory Products
A cell (a) 20% Glucagon, proglucagon
B cell () 75% Insulin, C peptide, proinsulin
D cell (6) 3—-5% Somatostatin
| F cell (PP cell) < 2% Pancreatic polypeptide
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URE 9-26. Structure of porcine proinsulin. The connecting peptide (C peptidc) is cleaved to form insulin. (Modified with

3
mission from W. N. Shaw and R. R. Chance. Effect ol porcine proinsulin in vitro on adipose tissue and diaphragm of the normal rat

betes 17:737, 1963.)
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Figure 78-2 Schematic of the human proinsulin molecute, which
is cleaved in the Golgi apparatus of the pancreatic beta cells to
form connecting peptide (C peptide), and insulin, which is com-
posed of the A and B chains connected by disulfide 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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INSULIN RECEPTOR

Insulin——» lnsulin
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FIGURE 9-28. Structurc of the
insulin receptor. The two a sub-
units arc connected by disulfde
bonds; cach « subunit is con-
nected to a f subunit by a disul-
fide bond. The B subunits have
tyrosmc kmase actxvuy e

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 a
and 2 B glycoprotein subunits. The subunits are linked to
each other and to B 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 3
subunits, producing autophoisphorylation of the f3
subunits on tyrosine residues. This autophosphorylation
in necessary for insulin to exert its biologic effects.




Cell
.membrane

Figure 18-5. Diagrammatic representation of the struc--
ture of the insulin receptor. The recepicr is a tetrameric
protein made up of 2 @ and 2 8 subunits joined by disulfide

—~S—S8—) bonds. Insulin (INS) binds to the «-subunits
and this triggers autophosphorylation of the tyrosine ki-.
nase portjons of the 8 subunits inside the cell. The auto-
phosphorylation in turn triggers the rest of the multiple
and extensive effects of insulin (Modified from Andersen
AS: Reception and transmission Nature 1989;337:12.)
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Figure 78-7 Basic mechanisms of glucose stimulation of insulin
secretion by beta cells of the pancreas. GLUT, glucose transporter.




S _ 'Extraceliular

space Leucme Gluoose
/ GLUT2 transporter
’ Kl
B cell Glucose enters the cell
cytosol via a GLUT2 transporter,

which mediates
facilitated diffusion of
glucose into the cell.

GLYCOLYSIS

-

Glucokinasel

The increased glucose influx
stimulates glucose metabolism,
leading to an increase in [ATP);
or in [ATP); / [ADP),.

IH Glucose-6~phosphate

Pyruvate L\» cm\

Mitochondrion
\ = % The increased [ATP); and/or
[ ® {ATPI; / [ADP] inhibits an ATP-
. sensitive K' channel.

cCcK ggo ’ K" A
acetylcholine\ 2 ﬁ)nhibin’on of this K* channel causes V,, to

o~ \ become more positive (depolarization).

1A AN I

q ) - KATP channe!

PlLC —Phospholipase C polarization [ |
e’

The depolarization activates a

) —PIP, voltage-gated Ca“* channel in
the plasma membrane.
P4
2+
g—/DAG Ca
1 Proteln Voltage-gated
/klnase C Ca?* channel
Itere n
Protein The acnvahon of this Ca®* channel
kinase A ; Secretory, - promotes Ca®* influx, and thus
_granules ! mcreases [Ca? ]1, Wthh also evokes

Ca?*-induced Ca®" release.

Other modulators of \
secretion act via the

adenylyl cyclase-cAMP-

protein kinase A pathway

and the phospholipasc

C- phosphoinositide
pathway.

Adenylyl

-7
cyclase The clevated [an’]l leads to

exocytosis and release into the
blood of insulin contained
within the secretory granules.

Giucagon~” ™~ Somatostatin  * * *~ jasuiin
B-adrenergic galanin l
agonisls a-adrenergic
agonists

FIGURE 50-4. Mechanism of insulin sccretion by the pancreatic 8 cell. Increased levels of extracellular glucose trigger the B cell to secrete insulin in
the scven sicps outlined in this figure. Metabolizable sugars (c.g.. galactose and mannose) and certain amino acids (e.g., arginine and leucine) can also
stimulatc the fusion of vesicles that contain previously synthesized insulin. In addition 10 these fuel sources, cerain hormones (e.g., glucagon,
somatostatin, CCK) can also modulate insulin secretion. ADP, adenosine diphosphate; ATP, adenosine triphosphate; cAMP, cyclic adenosine mono-
phosphate: CCK. cholecystokinin; DAG, diacylglycerol; ER, endoplasmic reticulum; IP,, inositol 1,4,5-triphosphate; P1P,, phosphatidylinositol 4,5-
hiphosphate; PKA, protein kinase A; PLC, phospholipasc C.
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G2 wnino scido m 1GF, * !
13 are homologous with | 13/29 homology 11/21 homology
insulin B domain.

IGF-I

18/21 homology 4/6 homology
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; FIGURE 47-5. Structure of the insulin-like growth factors (IGFs). Insulin, 1GF-1, and IGF-II share three domains (A, B, and C), which share a hig

legree of amino acid sequence homology. The C region is cleaved from insulin (as the C peptide) during processmg, but is not cleaved from eithe
(GF-1 or IGF-I. In addition, IGF-I and IGF-1I also have a short D domain.
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S Insulin-Like Growth Factor |, Which Interacts

o with a Receptor Similar to the Insulin

Receptor, Is the Principal Mediator of the
Growth-Promoting Action of Growth
Hormone e




.,

T
FIGURE 47-6. Compatison of i,
sulin, insulin-like growth factor
(IGF)-1, and IGF-1l receptors. B,
the insulin and IGF-I receptors are
heterotetramers joined by disulfide
Sonds. For both, the cytoplasmic
bortion of the B subunits have tyro-

sine kinase domains as well as auto-
>hosphorylation sites. The IGF.||"
eceptor  (also called mannose-6.

‘hosphate [M6P] receptor) is a sin:.
le polypeptide chain with no ki--
ase domain.

isulin’Like Growth Factor Il Has Actions -
milar to Those of Insulin-Like Growth Factol
but Is Less Dependent on Growth Hormon
e physiology of IGF-I differs frdm that of IGF- in & |
mber of important respects. First, as noted earlier, thes

thesis of IGF-IT" dépends less on circulating GH than
t of IGF4. In pituitary dwarfism secondary to GH
clency, the circulating concentration of IGF-1 is de-
1sed, b}lt that of IGF-II is not. In States of excessive
secretion, plasma IGF-I is reliably elevated, whereas

ma IGF-II is not.

SRS

sE;:;oeny 1GF-1
RECEPTOR
— IGF-II
MANNOSE-6-
INSULIN N PHOSPHATE
RECEPTOR . . - >N g RECEPTOR

Cytosol -
" Although IGF-II also binds to the IGF-I receptor, it
preferentially binds to its own so-called IGF-II receptor.
This IGF-II receptor consists of a single-chain polypeptide

.and is structurally very distinct from the IGF-1 receptor

i - (see Fig. 47-6). The IGF-1I receptor lacks a tyrosine-

| kinase domain and does not undergo autophosphoryla-

5| {tion in response to the binding of either IGF-II or IGF-1.

{1 The IGF-II receptor also binds mannose-6-phosphate

' £ (M6P), but at a site different from that for IGF-II binding, -

I tand the receptor's physiological role appears to be in

1 processing mannosylated proteins by targeting them for
_ lysosomal degradation. Thus, the term *IGF-II receptor” is

i somewhat of a misnomer; the IGF-II receptor’s role in the

{ physiological action of IGF-1I is not clear.

Despite these differences, IGF-1I does share with IGF-1
(and also with insulin) the ability to promote tissue
growth and cause acute hypoglycemia. These properties
appear to be due to IGF-II's structural similarity to proin-
sulin and its ability to bind to the IGF-I-receptor. .
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Other hormones involved in the requlation
of plasma glucose

Insulin and glucagon play a pivoral role in che fine regulacion of

equlation of plasma glucose

e

plasma glucose levels—indeed, insulin is che only hormone
capable of lowering plasma glucose, and glucagon is che most
important hyperglycemic hormone. Nevertheless, a number of
ocher agencs also contribute to the maintenance of a stable blood
glucose, as well as mobilizing glucose when necessary. These
hormoncs include adrenal corticosceroids, groweh hormone, che
caceccholamines, and the chyroid hormoncs.\i
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Al the processes listed on the lelt—glycogenalysis, glucancogenesis, lipalysis, and inlibition of glu- -
ise uptake—are apposed tainsulin's actions and are stinwlated by one or more of the glucose-coun- -
rrepulitony bormones in the table. An X indicates that the hormone stimulates the process; no X -
dicates that the hornmone has no major physiological effect on the process. Epinephirine stimulates -
ccogenolysis i both liver and skeletal muscle, whereas }_.]ut..l}.,un does so ouly In liver,

T Croa greal extent insulin may be viewed as the “hormone . .
ol plenty.” s seeretion and plasma concentration are in-. | -
creased during the absorptive period and decreased dur- :
ing postubsorption, and theso chinnges aro adoguate Lo
cause most of the maotabolic changes associated with thesoe .
periods. Tn addition, opposed i various ways to insulin’s
cffects are the actions of Tour nwjor glucose-counterregu-
Ltory controls—glucugon, epinephrine and the sympa-.
thetic nerves ta the liver and .uhpmu tissue, cortisol, and
growth hormone (Table 18- 4)PGlucagon 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 :
cortisol and growth hormone are not usually coupled to -
the absorptive-postaborptive pattern; nevertheless,@thcir.
presence in the blood at basal concentrations is necessuy.
for normal adjustinent of lipid and curgohydmte metabo-
lism to the postabsorptive period, and excessive amounts®
of cither hormone cause abnormally elevated pla.sma glu-'

\ cose concentrations.
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lation by ATP of an intracellular B-subunit receptor site that
- try. The receptor tyrosine kinase is presumed to pliosphorylate

:’_ rylation or dephosphorylation. (This may be aided by genera-
"tion of'a separate inositol phosphate glycan second messcn-

Potassium
,, phosphate
mogncfsium

B Fig. 46-10 Mechanisms of insulin action on cells. Tnsu-
lin binding to «-subunit of its receptor causes autophosphory-

generates tyrosine kinase activity. Glucose transporters are
then moved fo the plasma membrane and facilitate glucose en-

protein kinases and phosphatases, which in tum activate or
deactivate target enzymes of glucose metabolism by phospho-

ger.) By still undefined mechanisms, a transcripticn factor(s)
is generated -that stimulates or represses gene transcription
through an insulin response element (IRE) in DNA molecules.
Also independently potassium, magnesium,.and phosphate
entries into the cell are facilitated. -
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Tablc 23.13 Prmupdl actions of nsilin-on -cells

_- Membrane effects |
Uptake of glucose increased ‘
Uptake of amino acids increased '[
Uptake of fatty acids increased |
Uptake of Mg?' and K' increased |

i

TL-Metabolic effects g
Increased synthesis of DNA and RNA l

. |

Increased protein Symhc‘sxs s
Increased synthesis of glycogen Gn liver and muscle) i

-

{

—  Increased synthesis oi m lyLmdLs (m adipose ussue) |

Increased synthesis of cholesterol (in liver and gut)
Increased fauy acid synthesis (in liver) SRR

Decreased protein breakdown (in muscle)

Decreased glycogenolysis (m liver)
Decreased gluaoneogulems (in liver and kldney)

Decreased ketom pmduuum (in liver)

Decreased trlglyu,ndL breakdown (in adipose tissue)Z:{:

f—— .- e el
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'Ini controls, the maxium
response is reached when
only approximately 5%
of the receptors are

| occupied by insulin.

A

Glucose
transport

B

7

(

™

In the cells from the Type 2 diabetic,
the same maximal response is reached,
but only at a much higher insulin
concentration.

Controls

" Down regulation
of receptors and
impairment of
postreceptor
signalling in type 2
diabetes

0.1 1

10 100 1000 10,000

Concentration of insulin (LU/ml)

FIGURE 50-~7. Response to insulin of normal and “downregulated” adi-
pocytes.
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Table 7.6 | . . e
Biological effects of insulin ‘

Tﬂl On carbohydrate metabolism
Reduces rate of release of glucose from liver
a. by inhibiting glycogenolysis.
b. by stimulating glycogen synthesis.
c. by stimulating glucose uptake.
d. by stimulating glycolysis.
e. by indirectly inhibiting gluconeogenesis via inhibition ~:.-
of fatty acid mobilization from adipose tissue. o
@ Increases rate of uptake of glucose into all insulin- sensh S
tive tissues, notably muscle and adipose tissue - - -
a. directly, by stimulating glucose transport across the
plasma membrane._ _
b. indirectly, by reducmg plasma free fatty acn:l levels.
B? On lipid metabolism ‘ :
@ Reduces rate of release of free fatty amds from adxpose
tissue. . . . LR
@ Stimulates de novo fatty acid synthesns and also conver-
sion of fatty acids to tngl"cendes in hver o

On protein metabolism ' - e el
@ Stimulates transport of {ree amino auds across the plasma
membrane in hver and muscle. i TS

. amino acid from muscle. S
On ion transport o
E.1 On growth and development
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Table 19-5. Pnncupal actlons of lnsuhn.

()

-.Adipose tissue

Increased glucose entry

Increased fatty acid synthesis

Increased glycerol phosphate synthesis
Increased triglyceride deposition
Activation of lipoprotein lipase

Inhibition of hormone-sensitive lipase
Increased K* uptake
scle |

Increased glucose entry

Increased glycogen synthesis

Increased amino acid uptake

Increased protein synthesis in ribosomes
. Decreased protein catabolism
. Decreased release of gluconeogemc ammo amds

M

OWAWN#CN@@P@Nf

8. Increased K* uptake: - , ,
Liver . . o e

1 Decreased ketogeneS|s : B

. Increased protein synthesis
. Increased lipid synthesis
4 ‘Decreased glucose output due to decreased -
gluconeogenesis and increased glycogen syntheszs
General

7. Increased ketone uptake ' | ___;_2

. Increased cell growth . . S s g

B
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Table 19-3. Effect of msuhn on glucoce uptake in tlssues in '
| which it has been investigated. - ; ;

Tissues in which Insulin facilltates glucose uptake 5
Skeletal muscle . - R
Cardiac muscle | | | i
Smooth muscle | - :
Adipose tissue ; | : : o
Leukocytes . | ’

* Crystalline lens of theeye
Pituitary - , S
Fibroblasts BT
Mammary gland ‘
Aorta
A cells of pancreatic islets - »

Tissues In which insulin does not facllltate glucose up-—

take ‘
Brain (except probably part of hypothalamus)
Kidney tubules , |
Intestinal mucosa | ; . AN
Red blood cells ‘ )

i
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Growth hormone
and insulin
250 N *
g 200 4 Depancreatized and
@ hypophysectomized
0)
— 150
- oy
D N *m*
= 100 1y
50 - /
0 [} 1 i { I
0 50 100 150 200 250
Days

Figure 78-6 Effect of growth hormone, insulin, and growth
hormone plus insulin on growth in a depancreatized and hypo-

physectomized rat.

Insulin and Growth Hormone Interact Synergis-

tically to Promote Growth. .




Diet

'

Intestine

\ Blood glucose /

Amino Glycerol

WA

Liver |-«—l actate

70 mg/dL
(3.9 mmol/L)

Kidney

Y

- . Urine (when blood glucose .

Brain | Fat : Muscle and

other tissues

> 180 mg/dL) . o - L

Figure 17-14. Blood glucose homeoslasis, nlus trat mg

the glucostatic function of the hver
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- ' Glycerol
Diet | Am.mo
l ac;;s
Intestine | Liver 4—-_Lactic; ‘_ i,

. Blood glucose o | 5

Kidney | | Brain | ~ -_— Q -
Y Muscle and
o Y o Fat othertxssues
U e T ————
(glycosuria) ~ |

- Figure 19—-7 Dlsordered blood glucose homeostasis in -

insulin deficiency. Compare with Fig 17-14. The heavy
- arrows indicate reactions that are accentuated. The rects 5§
" angles across arrows indicate reactions that are b_lpcked:?]g




Insulin deficiency

| ) (and glucagon excess)
|

Y v Y

Decreased Increased Increased
glucose protein lipolysis
uptake catabolism

Hyperalycemia,~—Increased plasma Incréased plasma FFA,

glycosuria, amino acids; "~ ketogenesns
osmotic diuresis, nitrogen loss ketonuria,
electrolyte depletion in urine ketonemia .

Dehydration;=
acidosis

Figure 19-10. Effects of msulm dencxency (Courtesy off:.f

RJ Havel. )

25

—

-



2. Types of human diabeiéé’fjrﬁﬂelxiitﬁs‘:’

Type I

]
H —————— e

with other
conditions

- Diabetes assac.. ied Examples include diabetes due to

Other Names

Insulin-dependent diabetes (IDDM).
Juvenile diabetes.
Ketosis-prone diabetes.

Non-insulin-dependent diabetes
(NIDDM).

Maturity-onset diabeiss.
Kelosis-resistant diahetes.

pancreatoectomy or pancreatic
disease; diabetes due to defective
forms of insulin or insulin receptors;
and diabetes in patients with
Cushing’s syndrome, acromogaly, or
other endocrine diseases.
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Insulin- dependent dlabetes ('DDM) e
[Juvenile diabetes. e e e
.| Ketosis- prone dlabetes

diuboles mellitus (IDDM), was formerly known as
juvenile-onset dmbeleév’lype 1 diabetes develops sud-

i Type I dmbales mol“[us, or insulin: dependeﬁ?s“ R

" donly, usually beloro tlio nge: of 15-years;-and- often A e G e,

rollocts pathology of the B islet cells resylting from
viral Infection or an au}tolmmune respons

bo glven several times daily to manage ketosis and, to
a lesser extent, liyperglycemia, Because of the early
ouscl of their diseass, type | dinbetics typigally exhibit
long-lerm vascular and noural problems®Complica-
tlons resulling from vascular problems include ath-
otosclorosis, strokes, lwoarl nltacks, gangrene, and
bllundness; consequencos ol nouropathies include loss

ol sousation, impaired bladdor function, and im- A

IS

‘polence.

‘ Iypeldia- |
o "‘qlin detlyity dnd theirdiseasedss s
' "BX[”r’o‘moly difficultto controffnsulin {1ijéctions must-

—
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‘Type I

|
P

g ot i

Alerodign o

Ketogxs res:staht dlabetes

Non msul‘m dependentﬂdsabéiesf_}'

9

~trol Is very important, becuuso obesity alone causes

boles mellitus (NIDDM] was formerly called mature-

onsel diabeles becaus it occurs mostly after the age

of 40 years and is increasmgly common with age.

Heredlly or a familial predisposlllon is partlcularly ,
striking In this diabstle group; if an Identical twin has || -
typo 1l diabeles mellilus, the plobubl ly that the other
. twin will have the diseasg is 100%) Allhough most /
lypo 11 diabollcs ploduce insulin, the amount is inad- l
oquute vt thore is some. ubuounahly of the fnsulln |\ | =/
rowplms@Iype I diabelics are alinost always overs | \

Typo II diabeles, or non-insulin. dependent dig= l

P . b
- Eo

wolgll and account for over 90% of the knowii Gases™ ' | |
of dlaboles mellltus. Ketosis is not a major problemn /
fur tlils group, and In many cases tie symploms can
bo managed solely by diel and cxerc’isizé olght con-

the Insulin receplors to become lcss senslhve to insulin, ‘\
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- Diabetes associated | Examples include diabetes due to "
~ with other pancreatoectomy or pancreatic . .
conditions disease; diabetes due to defective

| | forms of insulin or insulin receptors;
and diabetes in patients with |
Cushing's syndrome, acromogaly, or
other endocrme diseases. -

Q)Th(. numhc m lhc" 1Hn_uly, r. both, ()f msulm;}._

L. i

1ucplm.s is dﬂCClCd by Ansulin .le dthei horniones, -
... CXeitise, !ood, fdnd other. lales@LXposurL ‘l()#'
. ¢ increased -amounts.Foffinsulin decreases * receptor
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Obesity is the most common and most expensive nutri-
tional problem in the USA. A convenient and reliable
1. indicator of body fat is the body mass index (BMI),
~ which is the body weight (in kilograms) divided by the

3 square of the height (in meters). Values above 25 are
abnormal. Individuals with values of 25-30 are over-

- weight, and those with values > 30 are obese. In the
USA, 55% of the population are overweight and 22%
are obese. The incidence of obesity is also increasing in
other countries. Indeed, the Worldwatch Institute has
estimated that although starvation continues to be a

problem in many parts of the world, the number of

‘overwelght people in the Worldls now as greatas th.e |
number of underfed.
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. FIGURE 23-2 o
- Inputs to beta cells and effects of insulin, including negative
feedback on glucose and amino-acid levels. |




Table 78-1 Factors and Conditions That Increase or Decrease

Insulin Secretion

Increase Insulin Secretion

Increased blood glucose

Increased blood free fatty acids

Increased blood amino acids

Gastrointestinal hormones
(gastrin, cholecystokinin,
secretin, gastric inhibitory
peptide)

Glucagon, growth hormone,
cortisol

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 189-12. Mean rates of insulin and glucagon dellv-
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ery from an artificial pancreas.at various blood glucos"e”;ﬁfj
levels. The device was programmed to establish. and"”“ Ay

i-—"‘

maintain normal blood glucose in insulin- requmng dlaw‘i
betic humans, and the values for hormone output approx-
imate the output of the normal human pancreas. The
shape of the insulin .curve also resembles the insulin;
response of incubated B cells to graded concentrations

of glucose. (Reproduced, with permission, from Marhss,f
EB et al: Normalization of glycemia-in dlabetlcs ‘during i

meals with insulin and glucagon dellvery by the artmmal e Nl
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Table 7.7

Factors influencing glucagon release

Inhibition

Stimulation

“Amino acids

GlucOée»'

|

Insulin

'

‘Gastrointestinal ‘poly'pe.ptidé hormones

Catecholamines (exercise)

Growth hormone

(e

Free fatty acids

lucocorticoids

Y
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fied from Unger RH et al. Reproduced with permission from.
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Cholecystokinin-Pancreozymin

[t was formerly thought that a hormone called chole-
cystokinin produced contraction of the gallbladder
whereas a separate hormone called pancreozymin in-
creased the secretion of pancreatic juice rich in en-
zymes. It is now clear that a single hormone secreted by
cells in the mucosa of the upper small intestine has
both activities, and the hormone has therefore been
named cholecystokinin-pancreozymin. It is also
called CCK-PZ or, most commonly, CCK,

e e e e SN
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Obcsxty——-bod) wuz,ht more than 20% abovc some desirable :
standard due 10 an excessive accumulation of adipose tissue—af-
fects one-third of the adult population in the United Stares. (An |
athlete may be overwerght due to higher-than-normal amounts of - |
muscle tissue without being obese.) Even moderate obesity is haz-
ardous to health; it is implicated as a risk factor in cardiqvascula'rﬁ.}'-
discase, hypertension, pulmonary discase, non-insulin?dcpendcntﬁflg
diabetes mellitus, arthritis, certain cancers (breast, uterus, 'andff_
colon), varicose veins, and gallbladder discase. Also, lossof body fat !
in obese individuals has been shown to elevate HDL cholcsterol the
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Body weight 165 0 2271b 328 1b
Fc* cell size 0.2 gz zell 0.6 xg/cell 0.9 /;Lg/cell
Fot cell number 75 bilton 75 billion 75 billion

' Fig. 6.22 In obesity the number of fat
cells (the number is determined in

infancy) stays constant, but the fat’

content of cach increases (after
Stollerman).




STOABLE T8 =
Clinical Characteristics of Patients with Type'l and Type Il Diabetes Mellitus

Feature

Type |

Type Il

Age at onset
Body mass
Plasma insulin
Plasma glucagon
Plasma glucose
Insulin scnsitivity

Therzpy

Usually <20 years
Low (wasted) to normal
Low or absent

High, can be suppressed
Increased

Normal

[nsulin

Usually >40 years

Obese

Normal to high

High, resistant to suppression

Increased ‘

Reduced

Weight loss, thiazolidinediones, metformin,
sulfonylureas, insulin

lnsulm-dependem diabetes (\DDM) Klon-insuhn-dcpende nt d'abohs(NlDDM

Juvenile diahetes,

Maturity-onset diabetes,




‘Plasma glucose

mmol/L mg/dL
90 |
46 — Inhibition of insulin secretion
75 |
- 3.8 - — Glucagon, epinephrine, growth
‘ hormone secretion
| 60
3.2 — Cortisol secretion e
2.8 — Cognitive dysfunction — .
45 o "
22 — Lethargy — <~ e
1.7 30 — Coma
1.1 - — Convulsions
15 | , .
0.6 — Permanent brain damage, death
0 0

Flgure 19-11. Plasma glucose Ievels in arterialized
venous blood at Wthh various effects of hypoglycemla
appear.




Insulin IGF-I IGF-II

| EDyt

Insulin IGF-| IGF-I

receptor receptor receptor
Figure 19-6. Insulin,IGF-l, and IGF-Il receptors. Each
hormone binds primarily to its own receptor, but insulin
also binds to the IGF-I receptor, and IGF-l and IGF-Il bind
to all three.The dark-colored boxes are intracellular
tyrosine kinase domains. Note the marked similarity
between the insulin receptor and the IGF-I receptor;
also note the 15 repeat sequences in the extracellular
portion of the IGF-Il receptor.
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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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