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F:Gul::z 3i-l A scl1ematic vie\v oi the pivotal Jccaticn of the pancreatic islets. Secretion of tbe :; f 
isiet imr::1,ones i::suiin- and giucagon is coordinated with secretion of exocrine pancreatic: ·-I· 
er::::nno~o:ll are stirp,~lated by entry of nutrients ~nto the gastroint.estinal tract_ and by g3.s< j / ;· 

t;:c:a;.tGstinal normoneS":J.slst hormones are secreted mto the portal vem and thereny reac.b..t~e.'.\ -:.; \ 
liver with the substrate products of nutrient digestiod:~i1Nithin the liver they affect the rr.stabc-JZ t 
lisr:: o£ the :nges~6d. substrute.:,q:fs!ot !lomwr13s that pasMllrough the liver with su!Jstrates affect: i c [· 

disposition of t!lese substrates by peripheral tissueshl12-{urn these substrates feed back on t~e , · r 
pG.r,cr8atic i~lots to modulate tile eecrotioH of insulin nnd giucagon. . : :·:- · ;{~'; ~~ f 
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Alpha cells 0 (Glucagon) 

Beta cells ® (Insulin and amylin) 

Delta cells - (Somatostatin) 

F cells • (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 0 cells. Lancet 1975;2:1243-1244.) 
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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~ 'Prec.linical 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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Cell types in owncreatic islets of Langerhans. _______ ...__. --
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Approximate% 
Cell Types of Islet Mass Secretory Products 

A cell {a) 20% Glucagon, proglucagon 
B cell ({3) 75% -- Insulin, C peptide, proinsulin 
D cell (8) 3-5% Sotnatostatin 
F cell (PP cell) <2% Pancreatic polypeptide 
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; URE 9-26. Structure of porcine proinsulin. The connecting peptide (C peptide) is cleaved to form insulin. (Modified with 
·mission from W. N. Shaw and R. R. Chance. Effect of porcine proinsulin in vitro on adipose tissue and diaphragm of the normal rat. 
betes 17:737, !9G8.) 
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Figure 78-2 Schematic of the human proinsulin molecule, 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 1n 

equimolar amounts, along with a small amount of proinsulin. 
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INSULIN RECEPTOR 

FIGURE 9-28. Structure of the 
insulin receptor. The two a: sub­
units arc connected by disulfide 
bonds; each u subunit is con­
nected to a f) .subunit by a disul­
fide bond. The f) subunits have 
t~osinc kinase acti~it~. _ _/_.. / 

Extracellular fluid 

lnlracollular fluid 

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 f3 glycoprotein subunits. The subunits are linked to 
each other and to~ subunits by disulfide bonds. The a 
subunits bind insulin and are extracellular, whereas the~ 
subunits span the membrane. The intracellular ends of 
the ~ subunits have tyrosine kinase activity. Binding of 
insulin triggers the tyrosine kinase activity of the ~ 
subunits, producing autophoisphorylation of the p 
subunits on tyrosine residues. This autophosphorylation 
in necessary for insulin to exert its biologic effec~s. 
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F~gure i 9-5. Diagrammatic· representation of"ttie struc~­
ture of the insu!::; receptor. :h'J receptc; is a tetrameric 
protein made up of 2 a and 2 {3 subunits joined by disulfide 
(-S-S-)bonds. Insulin (INS) binds to the a-subunits 
and this triggers autophosphorylation of the tyrosine ki­
nase portjons of the {3 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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t Glucose 

OGLUT2 

Glucose c; Glucokinase 

t Insulin 

•••• •• •• 

Glucose-6-phosphate 

~~Oxidation 
t ATP t 

~ .£'::: ~+--- ~epolarization 
Ca++ 

ATP + K+ channel 
(closed) 

ca++ channel 
(open) 

Figure 78-7 Basic mechanisms of glucose stimulation of insulin 
secretion by beta cells of the pancreas. GLUT, glucose transporter. 
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- '! Extraceh ular 
•space Leucine 

• 
Glucose 
@ 

/ GLUT2 transporter 

~=====~~=======::~~~===::!Glucose enters the cell 
via a GLUT2 tmnsporter, 
which mediates 
facilitated diffusion of 
glucose into the cell. 

CCK 
acetylcholin~ 

-Phospholipase C 

Glucagon/ 
!>-adrenergic 

agonists 

GLYCOLYSIS 
-------~--

• 

........._Somatostatin 
galanin 
o.-adrenergic 

agonlsts 

• ...._Insulin 

The increased [A 11')1 and I or 
[A 11']; I [ADP)1 inhibits an A 11'­
sensitive ~ channeL 

Inhibition of this K+ channel causes V"' to 
become more positive (depolarization). 

KATP channel 

The depolarization activates a 
voltage--gated Ca2

• channel in 
the plasma membrane. 

The activation of this Ca2
• channel 

promotes Ca2
+ influx, and thus 

increases [Ca2
•]1, which also evokes 

Ca2•-induced Ca2
• release. 

The elevated [Ca2
•]11eads to 

exocytosis and r~lease into the 
blood of insulin contained 
within the secretory granules. 

FIGURE 50-4. Mechanism of insulin sccre1ion by lhe pancreatic {3 cell. Increased levels of extrnccllu!ar glucose trigger the {3 cell to secrc1c insulin in 
the seven steps outlined in this figure. Metabolizable sugars (e.g., galactose and man nose) and certain amino acids (e.g., arginine and leucine) can also 
stimulate the fusion of vesicles that contain previously synthesized insulin. tn addition to these fuel sources, certain 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; PIP2 , phosphatidy!inositol 4,5-
biphosphatc; PKA. protein kinase A: PLC. phospholipase C. 
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Of 29 amino acids in IGF,.J, 
13 ~re..hoU1oi~gous with ·. ·p======-- ~· 
insulin B domain . 

IGF-I 

l-22!2-9 homology I [t8/21homolog-y- I 
t t 

IGF-II 

=IGURE 47-5. Structure of the insulin-like· growth factors (IGFs). Insulin, IGF-I, and IGF-II share three domains (A, B, and C), which share a hig 
:iegree of amino acid sequence homology. The C region is cleaved from insulin (as the C peptide) during processing, but is not cleaved from eithe 
!GF-I or IGF-II. In addition, IGF-I and IGF-II also have a short D domain . 
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lhsulin-Like Growth Factor I, Which Interacts 
with a Receptor Similar to the Insulin 
Receptor, Is the Principal Mediator of the 
Growth-Promoting Action of Growth 
Hormone ·-- -··----
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FIGURt 47-6. Comparison of in­
sulin, insulin-like growth factor 
(IGF)-I, and IGF-Il receptors. Both 
the insulin and IGF-I receptors are 
h.eterotetramers joined by disulfide 
)onds. For both, the cytoplasmic 
Jortion of the f3 subunits have tyro­
;ine kinase domains as well as auto­
)hosphorylation sites. The IGF-II 
eceptm: (also called mannose-6-
Jhosphate [M6P) receptor) is a sin-. 
Je polypeptide chain with no h . 
ase domain. 

Extracellular 
space 

Cytosol 

~~A 
1sufin=tike Growth Factor II Has Actions ;~:'~ 
rffi.il't ,to:'t'hqse of Insulin-Like Growth Fact~~~ 
but Is Less D~pendent on Growth Hormon.~W 

. ~~ . . -~ 

e physiology of IGF-II differs from that of IGF-1 lil ~-
mber of important ,re:s.pects. First, as noted earlier, th;i 
thesis bf JGF-tr depends less on circulating GH than 
t of IGF-~l. In pituitary dwarfism secondary to GH 
ciency, the circulating concentration of IGF-I is de­
lsed, but that of IGF-II is not. In states of excessive 
secretion, plasma IGF-1 is reliably ~Jevated, whereas 

;rna IGF-II is not. 
;~~~'M~\A!t!f-'!!4 .~·J?! · .. : 1 *"' 

IGF-1 
RECEPTOR 

,---A--.. IGF-ll 
MANNOSE-6-
PHOSPHATE 
RECEPTOR 

~ 

- Although IGF-II also binds to the IGF-1 receptor, it\· 
preferentially binds to its own so-called IC?F-II recept_or. 
This IGF-II recepto_r consists of a single-cham polypepude 
and is structurallY 'very distinct from the IGF-I rece~tor 

. (see Fig. 4 7 -6). The IGF-II receptor lacks a tyrosme­
~ kinase domain and does not undergo autophosphoryla­
l tion in response to the binding of either IGF-II or IGF-1. 
i. The IGF-II receptor also binds mannose-6-ph~sphate 
: (M6P), but at a site different from that for IGF-ll bmdm9, · 
~ and the receptor's physiological role appears to be m 
(processing mannosylated proteins by ;argeting them f~r 
: lysosomal degradation. Thus, the term IGF-1~ recep~or lS 

:somewhat of a misnomer; the IGF-II receptors role m the 
l physiological action of IGF-II is not clear. . 
. Despite these differences, IGF-Il does share WJth l_GF-I 

(and also with insulin) the ability to promote ~e 
growth and cause acute hypoglycemia._ T~es~ prope~es 
appear to be due to IGF-II's structural similanty to prom­
sulin and its ability to bind to the IGF-I-receptor. 
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of plasma glucose 

Insulin anJ glucagon play a pivoral role: in chc: fine regulation of 
plasma ,glucose: lc:vc:ls-inJc:cd, insulin is rhe only hormone 

. : capable of lowering plasm;.l glucose:, anJ glucagon is the mosc 
imporranc hrpc:rglycc:mic hormone. Nc\'errheless, a number of 
och<:r a,gc:ncs also concribuce co the maintenance of a stable blood 
glucose, as wc:ll as mobilizing glucose when necessary. These 
hormones induJc: adrt·n~l corricostc:roiJs, growth hormone, the 
carechobmin<:s, and rhc.: chyroiJ hormones.~ 
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\II llw prol·t·~~~·-' li~lt•d 011 tlw l{·ft-glycogt•Jiol~·~is, ghH:om•oguwsis, lipolysis, autl inllihition of glu-: 
·~~· 11pi;Jk1·-an• oppmt·d to im1di11's ad ions and are stimulatt•d by one or more of the glut:ose-(:oun- . 
rrL•g•datory lu•riiHliH's in ll1e tablt·. Au X indicates that the hormone .stimulates the process; no X· 
.licali'~ d,;,l llw luJI'lllDIIl' l1as uo Jllajor physiologieal l'ffcct on the process. Epinephrine slimulatcli · 
:t·,,g,·nol_,·si~ iaa h11tla lin•r and skl'lt'lal Jllllst:ll', wlwn•:L' glucagon duel> .so unly In liver. 

11To a great vxteut insuliu 111ay oc-vi~~~'uJ ~ tl~·e "l~o~~n1c)I1e -.. 
of plenty."Llts seerclion and plusma concentration ure in-.; 
erew;ed during the al>smvtivc period nnd decreased dur- · 
i11g JHislul,sorpliou, u11d llal'.'"' L'lauugt'.'\ HI''' udt~quulo lu 
l'IIIISI' aaaosl of' tlu• uwtuholie d1HII}4l','\ ussoeiutcd wHlllhoso '. 
p<·riods. I 11 uddiliou, opposod lu vurious ways lo insulin's ·: 
,.jfi.·cts an~ Llic~ adious of' f(nlr llllljor· glucose-eountctrcgu- . 
lator)' coulrols-glaacugorr, <'piu<!phriue und the syml>a­
tll<'tit' awrv<~s Lo till' liver aud ;Hlipose tissue, cortisol, unJ 
gruwllr l10n.aurae (Taule lo-4).bGlueugon and the sympa­
Liaetic nervous system are activated during the postabsorp­
tive period (or in any other situation with hypoglycemia).· 

and definitely play roles in prev~inting hypoglycemia, glu- ·. 
cagon being the more important: The rates of secretion of : 
cortisol and growth hormone are not usually coupled to : 
tire absoq)tive-postuborptivc pattern; nevertheless;bltheir · 
pn~st~alce in tlw blood at basal eom.:cntrations is ncccssmy 
f'or normal adjust nwnt of lipic.l and carbohydrate metab_o­
lism to the postabsorptive pe1iod, and~xcessive amounts 
of either hormone cause abnormally elevated plasma glu- : 

~ eose concentrations. 
.. >··· .. · 
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12 Fig. 46-10 Mechanisms of insulin action on cells~ Insu­
lin binding to a-subunit of its receptor causes autophosphory­
lation by A TP of an intracellular l3-s<.1bunit rtceptor site th:H 
generates tyrosine kinase activity. Glucose transporters arc 
then moved to the plasma membrane and facilitat<! glucose en-· 
try. The receptor tyrosine kinase is presumed to phosphorylate 
protein kinases and phosphatases, which ii1 tum activate or 
deactivate target enzymes of glucose metabolism by phospho­
rylation or dephosphorylation. (This may be aided by gener::~-

. tion of a separate inositol phosphate glycan second messen­
ger.) By still undefineri mechanisms, a transcription factor(s) 
is generated that stimulates or represses gene transcription 
through an insulin response element (IRE) in DNA molecules . . ' 

Also independently potassium, m::~gnesiun1, . and phosphat~ 
entries into the cell are facilitated. · 
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lvlemhrane ·effects 
Uptake of glucose increased 

Uptake of amino acids increased 

U ptakc of fatty acids increased 

Uptake of lvig2 
1- anJ K 1 increased 

:II; .t\1 etabolic effecls 
Increased synthesis of DNA and RNA 

Increased proteip synthesis 
-

:·~- . : ... : . 
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Increased synthesis of glyc~)g~n (in live-r and n1ltsc!e) 

Increased sy~1lhcsis of lriglyc~.:riJcs (in adipose tissue) 

Increased synthesis of ~h~icst~flll (in-liver ·an·d giit) l ~ti·-~:( 
_Increased fatty acid synthesis (in liver) 
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FIGURE 50-7. Response to insulin of normal and "downregulated" adi­
pocytes. 
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Table 7.6 · J\ · ::: 
_B_io_lo_g_i_c_a_l e_ff_e_c_t_s_o_f_in_s_u_li_n______________ _ ~ _ 

fA1 On carbohydrate metabolis1n - -! 
~@Reduces rate of release of glucose from liver . ,~--~- .. 

a. by inhibiting glycogenolysis. ::·:.~ :-:: 
b. by stimulating glycogen synthesis. - ::~-'y_·i .-
c. by stimulating glucose uptake. ·.i -~ 
d. by stimulating glycolysis. · ~ -· 
e. by indirectly inhibiting gluconeogenesis via inhibition - :. · 

of fatty acid mobilization frmn adipose tissue. · · _ ::_--:_::~\-\ 
® Increases rate of uptake of glucose into all insulin-sensi- ·_.;-~~J ~:~. 

tive tissues, notably mu8cle -and adipose tissue _ ., -··:.·/~•:·-= _ 
a. directly, by stimulating glucose transport across the )i:.i{f;,~.~ 

. : .. ;-.- ~· ......... .:.., ---
plasma membrane.__ -~-- _ - -____ , __ ,~·~,:~·;[~,iA~f..;~fi. 

~ O b
1 
.. i_nddirectlby,

1
?y reducing plasma-f~ee -fatty~ acfd level~. -_:-_~}~~~~\\·f;-

~ n 1p1 meta o 1sm _ . - - · -· · · ___ . .-.~:./~~~ -~~~ 

<[)Reduces rate of release of free_fatty acids from adipose~~l~::l·:~:: 
tissue. . -- -~ ,~~: ~·:·:-:::·-·~~ \:1:~ 

®Stimulates de novo fatty acid synthesis and also conver---- .~:~jf \7. 
lr:i sian o~ fatty acid~ to triglycerid~s in liver. _- >~fJ>;;\: 
'~On prole1n n1etul.whsm " - - -·- . '· -::··"':);:~~~f1~~~~? 

@ S_tin~ulales transport of free atnino acids across the pl~sri~~;3~~() 
. · · 111embrane in liver and n1uscle.-- ----.. ___ ,-------- .. .:: .: _ . :. : ::::.: .. :-:.~;~:~~~;;:~:1.1 

. - .... --·- ·--~-:";~:·-r;·;::!}~~ :· 

· . -.. @ Sti~ulat:s protein biosynthesis and J reduces. r~l;~~;i~?t~~~f 
· amino ac1d from muscle ·· - - --------- ·-·· -- ---~-·---· .... _r···-~!l~- · - - .. - - --: .. : . ::... . . - ·:--. ". ·. :.:::.· ·:·~.~-:~J:t~-!i. 

D On ion transport . · - · · .· · · ~'.--::::.Yti 
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-.Adipose tissue . ----.. - · · ·:-- .t~ U{:]_.! 

1. Increased glucose entry . · ~ ·J:,·~ \]{~~--.r 
·- · 2. Increased fatty acid synthesis rJ !a:;.::: 

3. Increased glycerol phosphate synthesis . _::.;·{--f:~;·,.::· 
4. lnc~ea~ed trig~yceride .deposition .:: ... · ?i~r-+ft 
5. Act1vat1on of lipoprotein lipase · ·\ ·::·:· · 1 

6. Inhibition of hormone-sensitive lipase ·1 < ! 
7. Increased K+ uptake ; :.: · 

1· .. · : 
Muscle .. :~-~ ~~,: .. : 

-. ._ • • • I 

~: :~~~=~~=~ ~:~~~~=ne~~~thesis };t J<~· : 
3. Increased amino acid uptake ~: :\~·~: h ~~ : 

~: ~~~~===~l~~;~~~ns~~::~~:~~ ribosomes -, ~}1~,; • 
6. becre~sed release of glucoheogenic ·amino acids · :r ·:_,: __ : 
7. lncreas·ed ketone uptake . · · · - ··'·'· ;·;.,·, 
8. Increased K+ uptake· - .·· ·- · -·· ·}~:-,·~~ ·; 

. -,- Uv er . _ . -' · <' i .. · ·: ~\ =[:;)-

- ~:· ~~~~~~!~dp~~;~~e~;~~~esis ___ -- ---~·--);~ -~fc -
3. Increased lipid synthesis · ·. ·.· .?-J,,Z-< 
4. Decreased glucose output due to decre~sed ·. · ·,, . ;~~~:/~:i% X~.:¥· 

gluconeogenesis and increased glycogen synthesi~ ·}·::.t~!-s:?:~i 
General · · · ........ ::. · -. - . . . ..·' :;:t·.;~:·:-. 

1. Increased cell growth · - ~ ·-.. ~"· .. ;-;~11~~/;~: 
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Table. 19-3. Effect of irtsulin on glucose uptake in tis~ues In ::·! ·: · 1 · ·; ·: :}:l~: 
which it has been investigated. - : : : _ ·;, 
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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. ._ 
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Table 19 ~~. Types of human diabete~5 melJitus. ______ ,__ ---

. Type 
. . ' .......... ·-· 

Type I 

Type II 

Other Names --

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

Non-insulin-dependent diabetes 
(NIDDM). 
Maturity-onset diabe1ss. 
Kelosis-resist~nt di~j-s:rBs_ 

--+--
I l Diabetes assoc,c -~ed 

with other I conditions 
! 

I 

Examples include diabetes due to 
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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.onset diabetes hecnus~il occurs mostly· after the age · ! . . .. ' I I 

of 40 yean~ ami .is' Increasingly .commoh ·with nge, l l. 
{bhioreully or a familial predlsposlllon is partlculnrly l 
· .atriklitgln this diabetic group; If s.n identical twin has 

typo 11 tHnl.HJloe inollitus, tho probnulllty that tho other / 
twin will huvo lhe c.llsonso is 1UU%~Allhough mast 
typo 11 t.llnbollcs produce .ilisulln, tho-~mount is lnad-- I 1 

oquuto u~horo is. sou.t.o.uGnurmnlily of the las. ulltt ~ 1 
rot:oplurs. I'ype 11 c.liubolics ore almost always ov~rw ! I 
wolgltl and account for over 90% of the knoviil'tiil.aes- '
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ot tHouoles mellitus. Kelosis is not a major problatn l 

fur lltlB group, enc.l.ln many cnsos lhe sx~nplams tall J 
bo mnuugotl sololy uy tliol untl oxordsrf?...Wolght con-
trol 1s vory important, uccuuso obesity alone causes 
tho lllsulln receptors lo uccomo loss sensitive to insulin. \ 
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with other I pancreat<?ectomy or pancreatic . I , , ,·, l 
disease; diabetes due to defective :: i 

forms :of in~ul~n or i~Sulin r_eceptors; i / 
and dtabetes 1n pattents wtth . i 
Cushing's syndrome, acromegaly, or· . : ·: . 7 ,-.:- / 

other en?~c~ine diseases. · · , · . . . : . . ,:\,\ :1 1 
Ill -. l · . : : . ': _.:; j :;1 f' 

receptors is .affccletJ by)nsuli II Ulld lither hlmiiunes,· :·: . ·. ·.· · \ .·1:1 :~! r 
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concentration (up~n··~··,r:~gulati~111),. UIH.l __ -c~jJnstire to ; · ·: I . ,. . . .. . . . . • . . . . • (fu I 

deer ~ilseJ_q ns.ulin incre~tscs ·_._lh_c. uiTinlity oC the tcccp- •. · · . .- : f 

tor~T!1C nlin1bcr Or rCCC~to,1;lJc~; ~~-liJS iJJCi·-CiiSCli in · . .~ . . ... . ! 
· starvntron urH.J decreas~J .In obesity Ull~ ucrntilcgaly. I 

<0 'l'lte ,i_llini_ty of the· rcceptoi·s_ ·is increiiscu in adrenal 1 . I 
i nst IIT,ic ie11cy a_J'id t~~crcascd_ l~y cx~es~ glu_cucorlicoids ·. I. 
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·robesity 

Obesity is the most common and most expensive nutri­
tional problem in the USA. A convenient and reliable 
indicator of body fat is the body mass index (BMI), 
which is the ·body weight (in kilograms) divided by the 
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°/o of the population are overweight and 22°/o 
are obese. The incidence of obesity is also increasing in 
other countries. Indeed,. the Worldwatch Institute has 
estimated th~t although starvation continuys. to be a 
problem in Il!any parts of the world, the number of 
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·overweight people in the world is now as great as the . 
number of underfed. . rc 
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FIGURE 23-2 . _ . . . 
- . . . l . . 

Inputs to be;ta cells and effects of insulin, including negative 
feedback, on. glucose a·nd amino-ac!d levels. 

\ I • . 

\ .---.. /,' -:,/"\ J 
···-~:./· 

-,.-.~--------·--- ----· .. 

t 
~-



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 

~-Adrenergic stimulation 
Insulin resistance; obesity 
Sulfonylurea drugs (glyburide, 

tolbutamide) 

.. - ·.· 

Decrease Insulin Secretion 

Decreased blood glucose 
Fasting · 
Somatostatin 
a.-Adrenergic activity 
Leptin 

., ... , · ... , . 
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1 '*Glucagon is a slngte pept.ide of 29 a.. a.. with 
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. ery· from ·an· artif.icial pancreas_: at various· blood- ~~u.~g~~~~:~,; JK 
levels. The dev1ce was programmed to establls_tt_~~~-~n.ct~ ih.} 
mai.n~ai~ normal_ blood glucose in . insulin-!e_quirir~g·~:.9J?:i~ -~~:-. 
bette humans, and the values for hormone <;>utput approx-; +!1 ;rrf 
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imate the output of the normal human pancreas.-1Jle Af ~ihf~ 
shape of th~ insulin .curv~ al_~-~-- ~~S~fJ1bles !he ·.;~n-~~U_q{g ~~~: 
response of rncubated B cells to graded concentrations_~-~=;~~;.~ 
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V Table 7.7 
Factors influencing glucagon release 
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Stimulation 

· Amino acids . . . 
Gastrointestinal polypeptide hormbnes · 
Catecholamines (exercise) 
Growth hormone l Glucocorticoids 
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· · '! ~fJ~,,..: .. , :n." · •· 
···.· .. ·.·· 

Inhibition · 

Glucose· 
Insulin 
Free fatty acids 
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FIGURE 23-7 
:Tnputs to delta cells a_nd effects qf somatostatin, includipg 

· ... --·:·negative feedback, which _reduces entry of _glucose ·and------
1_~ L ·amino acids into the circulati9-f.l:::...;·_..·,;·~ ·:': .. ~- .-- :: ·. · __ ·_ ~ • .· =_
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FIGURE 37-8 The inte~relationships between somatostatin,~:: 
insulin~ and glucagon effects on ea~h other's se.cretions ·and,~ 
their eff~c_ts on glucose and amino acid metabolism. (Mo~.~i-.~ 
fied from Unger RH et al. Reproduced with permission from:·.·: 
the Annual Review of Physiology, volume 40. Copyright·©·· 
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Cholecystokinin-Pancreozymin 

It was formerly thought that a hormone called chole­
cystokinin produced contraction of #Ie 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-.~~__2.&lll-.illt..camwQ_11J.Yi.~G.C:I\~~---~- . 



er·,~=------1--+- [Glucose 

4.4 mmol/1 
(80 mg%) 

:.:. ,;; 

t lnsuli.n _'·.:~ :;·;!}~: .. ;, 
i: 

. ------- ·-­.... :-_•_; 

. .: : . -::= 
:.···.·. 

-~ :·· ·' . 
•• I •• 

·:'; ·._ 

•·' -· 

Ag. 4.7 A diagrammatic representation of the patterns of glucagon and insulin release at rest 
. (A), during exercise (8) and following a meal of carbohydrate (C) and the conse_qu~n!~.l 
.. c~~nges in glucagon distribution._ (From Unger, R. H. (1976) Diabetes 25, 136.)" ·;;; (~:=i::i:.~~ 
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\ Fig. 1).21 Body fat al different ages in males and females. i 

Obesity-body wc:ight mon: than 20°/o above some desirable I 
:-.tandard due to &ll'l excessive accumulation of adipose tissue-af-· :1 

. I 

fc:(t~ onc:-third of the .1dult population in the United St~ucs. (An:·! 
.11hktc 111.1)' be m•cn,•t!i.~lll due to higher-than-normal amounts of./ 
mu~de tissue without bl.!ing obesl.!.) Even moderate obesityis haz7 · i 

ardous to health; it is implicated as a risk factor in cardiovascula~ J 
. . ·:·.1 

diseJse, hypl.!rtension, pulmonary disease, non-insulin-dependent:,;/ 
diabetes mellitus, arthritis, certain cancers (breast, uterus, ·and Jl 
colon), varkose veins, and gallbladder disease. Also, loss ·ofbody fat ~:--_i 
in obese individuals hJs been shown to dcvatc HDL choleste.rol, the···~·_, 

• . .:. ... =· ! : . t ~, ! ' . 

type associated with prevention of cardiovascular disease. · · · ·, · · __ .J 
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B~jy weight 165 :o 227 lb 

Fe· cell size 0.2p.:;':ell 0.6 !-'-glee II 

Fat ce II number 75 bil':on 75 billion 

,---" ·. 
' Fig. 5.22 In obesity the number of fat 

cells (the number is determined in 

infancy) stays constant. but the fat· 

con!Pnt of (!<lLh incn•;1scs (<~fter 

S to II en n <lll). 
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75 billion 
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Clinkel Characteristics of Patients with Type· I and Type II Diabetes Mellitus 

F~atun! Type I Typt.! I I 

:\gl.! al unset 
BoJy Jll:J.SS 

Pl.:J..\IllJ insulin 
P.I:Lt.nlJ ducJ!!Oil ... ._ 

P!JsmJ glucose 
In~ulin ~~n~itirity 

·nla::py 

Usually < 20 )\':trs 

Low (wa.\IL'cl) ro normal 
Low N ab!'cnl 
I righ. c:.m bl! ~urrr~ssl'J 
I ncn.':LI;L·J 
~om tal 
Insulin 

lnsulit'-dependent dlabct~s ODDM) 
Juvenile. diabct•s. 

~ - ~ -~· 

U!'ually >-tO yl'ars 
Ob~~l! 

:-\urm;!l tu high 
I ligh. rc.:~btanl (L) ~upprl!ssion 

f rH: fl' a!'CJ 
Rctlurc.:J 
\\'eight loss. thiJzoliuinL·dit)nc.:s. mrtfonnin, 

~ttlfon) lurl'J'\, insulin 
••• ~ ' .I 

on-lnsuQn .. de ponde nt di~b•t• s ()Jio D~);';;~~·c 
Ma\u.ti~-on set dil'b•tt. '· ,'A~t· 
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Figure 7 9-7 7~ . Plasma gf'lJcose l~vels in ar~eriafized 
venous blood at which various effe'cts of hypogly~emia 
appear. 

l ~ I / 
,. .:. : r 

< 
. ../ 

../ 

}~ff:!::' ";,._• . '· 
...... 
~-..:--:· ~.;.,;~~Ei~~;~;,:l\:!~~!.:i.:;i·,~~f**it~~?~~~j~;t· 



Insulin 

a a 

Insulin 
receptor 

IGF-1 

a a 

IGF-1 
receptor 

IGF-11 

t 
1 .•. 

2 
3 
4 .··· 

5 
6 
7 
8 
9 

10 
1 1 
12 .· .. 

13 
14 ISF 

Cytoplasm 

IGF-11 
receptor 

Figure 19-6. Insulin, IGF-1, and IGF-11 receptors. Each 
hormone binds primarily to its own receptor, but insulin 
also binds to the IGF-1 receptor, and IGF-1 and IGF-11 bind 
to all three. The dark-colored boxes are intracellular 
tyrosine kinase domains. Note the marked similarity 
between the insulin receptor and the IGF-1 receptor; 

. also note the 15 repeat sequences in the extracellular 
portion of the IGF-11 receptor. 

' 



~'; 

·-~~~~~ 

;\~~; ~-. 

,~'tr· t·'> 
i;~·· 

I· ... --·------------ I 

...--.. -E 
::; 100 
::l. ....., 
z 80' -.J 
::> 60 
en 
z 
- 40 
<( 

~ 
en 20 
< 
.J 
c. 0

10 0 10 20 30 40 50 60 70 80 

MINUTES 
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 1 5 to 20 minutes later. 
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