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FIGURE 48-9. The hypothnbmic-pituit~ry·th)•roid axis. Sm:lll·bodicd neurons In the ucuatc nucleus and medi~n cmlncn~e of the h)•pothnlamus 
secrete thyrotropin-rclc:.1sing hormone (THII), :1 tnpcpude that rc~chcs the thyrotrophs in the :Interior pitUll:lry via the long J'(lrt:ll \'eins. TRH binds to 
n G prutcin-coupled receptor on the thyrotroph membrane, trisgcring the DAGIIPJ pathway, lcadmg to protein phosphurybuon nnd rnising IC:l,.l,. 
These pathways stimulate the thyrotroph~ to synthesize ~nd rclc:tse thyrotrophin (or thyroid-stimubting hormone ITSiil), which is n 28-kDa 
glycoprotein stored In sccrc1ory ~~~~nuks. The T$11 binds t\l receptors on the bnsol:~tcml mcmbmne of thyroid fullkubr c.:lls, stimul:uin~ Go-.. which in 
tum nctlvatcs adcnylyl cydos.: nnd raises !cAMPI,. As outlined In Plgurc ·Hl-3. TSli stimulates a number of steps in the synthesis nnd rclc~sc ofT, 
and T). Inside the plluitary. the typc-2 fom1 of S'/J'-monodciodinnsc convcns T. to T 1• which ncg:lli\'cly feeds back on the th)'mtrophs ~swell ~son 
the TRii-secrcting neurons. Somatostatin :1ntl dopaminc-rclc.ascd by hypothalamic neurons-inhibit TSH release and thus can innucncc the •set 
point" ~~ which TSH is rclc;~scd in response til :1 (:h•cn amount uf T 1 In the pituitary. AC. adcnylyl C)'..:l:tse; ATI'. Jdcnosinc triphosph:tlc; cJ\MP, cyclic 
~dcnosinc monophosph:uc: DAG, di:lcylglyccrol: II\. lllOSihlltnphosph:ttc: I'KC, protein kmasc C: I'LC. phospholip:tsc C. 
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/Thyroid gland 

Follicular . .._ 
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FIGURE 48-1. Structure of the thyroid gland. The thyroid gland is 
located anterior to the cricoid cartilage in the anterior neck. The gland 
comprises numerous follicles , which are filled with colloid and lined by 
follicular cells. These follicular cells are responsible for the trapping of 
iodine and the synthesis of thyroglobulin, which contains thyroid hor
mone as pan of its primary structure. These cells also secrete thyroglob
ulin-the major protein of the thyroid colloid-into the lumen of the 
follicle. The thyroglobulin protein that is stored in the follicular lumen 
contains numerous iodinated tyrosines and thyronines, which are deriva
tives of the amino acid tyrosine. On command, the follicular cells take 
up the thyroglobulin and release the thyroid hormones triiodothyronine 
(T3) and thyroxine, or tetraiodothyronine (T4), into the blood. 
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Figure 76-3 Chemistry of thyroxine and triiodothyronine formation. 
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FIGURE 48-2. The structure of thyroxine (T~). tri iodothyronine (T3), 

and reverse T3 (rT3). II are roducts of the cou lin of. 
two iodinated tf osine derivatives. On y T1 and T 3 arc biologically ac
tive, and T, is ar more active than T1 because of a hi~her affinity for 
thyroid hormone receptors. Reverse T 3 forms as an iodine is removed 
from' the inner benzyl ring (labeled ~A") o.f T1 ; rT 3 is present in :lpproxi
mately cqual ·mol:1r amounts wilh T3• However, rT3 is essentially devoid 
of biologic activity. As shown in the bottom panel, T~ is part of the 
peptide backbone of the thyroglobulin molecule, as arc T3 and rT3. 
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FIGURE 32.4 The metabolism of thyroxine. Oeiodinase type 1 (01) deiodinates thyroxine (T4) at the 5' position to 
form triiodothyronine (T 3) , the physiologically active thyroid hormone. Oeiodinase type 3 (03) also enzymatically deiodinates 
some T4 at the 5 position to form the inactive metabolite, reverse T3• T3 and reverse T3 undergo additional deiodinations to 
3,3'-diiodothyronine before being excreted. A small amount of T4 is also decarboxylated and deaminated to form the 



r· 

I 

HO_f\._0 h CH- ~H2 )=I ')==!- 2 CH-COOH 

A t' 3) c 1vatron 03 

HO-os· ' -ol S \\ NH IMoll,.lloo 

3' 0 'I ' '\ I 2 - 3 CH -CH I - 2 -COOH 

I 

_f\_ _f\_ NH2 

HO )=! 0 ~-' CH2-dH-COO~ 
I I 

Thyroxine (T 4) 3,3'-0iiodothyronine 

~Inactivation . /. 

h '_f\_ NH, 01 

HO')=!O )=/-' CH2 -dH-COOH 

I I 

AeverseT3 
I I 

HO-o- 0 -o-~ -COOH 

I I 

Tetra iodoacetic acid (tetrac) 

FIGURE 32.4 The metabolism of thyroxine. Oeiodinase type I (01) deiodinates thyroxine (T4) at the 5' position to 
form triiodothyronine (T3), the physiologically active thyroid hormone. Oeiodlnase type 3 (03) also enzymatically deiodinates 
some T4 at the 5 position to form the inactive metabolite, reverse T3• T3 and reverse T3 undergo additional deiodinations to 
3,3'-diiodothyronine before being excreted. A small amount ofT. is also decarboxylated and deaminated to form the 
metabol!te, tetrai.odoacetic acid (tetracl. Tetrac may then be deiodinated before being excreted. 
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Figure 76-2 Thyroid cellular mechanisms for 
iodine transport, thyroxine and triiodothyro
nine formation, and thyroxine and triiodothyro
nine release into the blood. DIT, diiodotyrosine; 
HIT, monoiodotyrosine; NIS, sodium-iodide 
symporter; RT3, reverse tri iodothyronine; T

3
, tri 

iodothyronine; T
4

, thyroxine; Tc, thyroglobulin. 
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Storage of Thyroglobulin. The thyroid gland is 
unusual among the endocrine glands in its ability to store 
large amounts of hormone. After synthesis of the thyroid 
hormones has run its course, each thyroglobulin mol
ecule contains up to 30 thyroxine molecules and a few 
triiodothyronine molecules. In this form, the thyroid hor
mones are stored in the follicles in an amount sufficient to 
supply the body with its normal requirements of thyroid 
hormones for 2 to 3 months. Therefore, when synthe
sis of thyroid hormone ceases, the physiologic effects of 
deficiency are not observed for several months. 
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Each 111olecule of thyroglobulin contai ns about 70 
ty rosine amino acids, and they are the major substrates 
that cO'tnbine with iodine to for n1 the thyroid horrnoncs. 

, But onlv 4 to_8 of these are normally incorporated into thyroid horm?n~s:~ 
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FIGURE 32.3 Thyroid 
hormone synthesis and 
secretion. (See text for details.) 
ATPase, adenosine triphosphatase; 
DIT, diiodotyrosine; ER, endoplasmic 
reticulum; MIT, monoiodotYrosine; 
NIS, sodium iodide symporter; T3, 
triiodothyronine; T4, thyroxine; TPO, 
thyroid peroxidase. Modified from 
Larson PR, Davies TF, Schlumberg 
M-J, Hay 10. Thyroid physiology and 
diagnostic evaluation of patients 
with thyroid disorders. In: Larson 
PR, Kronenberg HM, Melmed S, 
Polonsky KS, eds. Williams 
Textbook of Endocrinology. 1Oth 
Ed. Philadelphia: Saunders, 2003. 
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FIGURE 4g-3. The follicular cell and its role In the symhcsls or thyroxine (T,) and triiodothyronine (T3). The synthesis and release or T, and T3 
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99.5 % is bom1d to 
TBG (thyroxin
binding globulin). 

.Blood 
1· plasma 

'i 
99.98% is 
bound to TBG. 

5' /3' monodeiodinase 
activity removes the S' 
iodine, converting T 4 to T 3. 

T 4 and T 3 enter the cell 
either by diffusion or by 
carrier-mediated transport. 

---~ .-.. ...... ......... '-"~· 

·. / Nuclear 
'/ 'envelope · 

_ __.. Na-K pump 

-~ Gluconeogenic enzymes 

-~ Respiratory enzymes 

_ __.. Myosin heavy chain 

-~ ~ adrenergic receptors 
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FIGURE 48-5. Action of thyroid hormones on target cells. Free extracellular thyroxine (T4) ai)d triiodothyronine (T3) emer the target cell either by 
diffusion or by carrier-mediated transport. Once the T 4 is inside the cell, a cytoplasmic 5' /3' -monodeiodinase converts much of the T 4 to T 3 , so that 
that cytoplasmic levels of T4 and T3 are about equal. Both T1 and T3 enter the nucleus. Thyroid hormone receptors bind to DNA at thyroid response 
elements in the promoter region of genes regulated by thyroid hormones. The binding of T3 or T4 to the receptor regulates the transcription of these 
genes. The receplOr preferentially binds T3. T,herefore, of the total thyroid hormone bound to receptor, approximately 90% is T3. The receptor that 
bmds to the DNA is preferentially a heLerodimer of the thyroid hormone receplOr and· retinoid X receptor. Thyroid hormone promotes the 

" 

transcription of genes encoding a wide range of proteins. mRNA, messenger RNA. _,/"'. 
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TABLE 32.1 The Physiological Actions 
of Thyroid Hormones 

Development of CNS 

Body growth 

Basal energy economy. of 
the body , 

Intermediary metabolism 

Thyroid-stimulating hormone 
(TSH) secretion · 

Inhibit nerve cell replication 
Stimulate growth of nerve cell bodies 
Stimulate branching of dendrites 
Stimulate rate of axon myelinization 

Stimulate expression of gene for GH in
somatotrophs. 

Stimulate synthe'sis of many structural and . 
enzymatic proteins 

Promote calcification of bones 

Regulate basal rates of oxidative phosphory- · 
lation, body heat production, and oxygen 
consumption (thermogenic effect) . 

Stimulate synthetic and degradative path
ways of carbohydrate, lipid, and protein 
m'etabolisfn · · · 

Inhibit TSH secretion by decreasing sensitiv
itY ·of thyrotrophs to thyrotropin-releasing 
hormone (TRH) 

CNS, central nervous system; GH, growth hormone . 
.. , 

,.. -,• ... 



Table 13-6 
summary of the Effects of Thyroid 
Hormones 

) ,... Stimulate calorigenesis in most cells 
2- Increase cardiac output 

Increase rate cf cardiac contractions 
Increase strength of cardiac contractions 

~ -Increase oxygenation of blood 
Increase rate of breathing 
Increase number of red blood cells in the 

··:.1 circulation 
·m;._.,,.,;.,.1:.:,. .· .. .I tt -.Effects on carbo hydJra te 1netabomm 

-·-'• r 
: .. ,,._,_:::: · ; Promote glycogen forn1ation in liver 

;~><·'~> · :_· ~ Increase glucose uptake into adipose and 
~·· : . ... ... · .j 
fV:··~:· .. ~· . ·. : -+ -T~ muscle 
•• ~ ··/ .r. : . . . f 

{~':.: ·~··· .. :: ·: :· .· · l ;-' Effects on lipid turnover 
{i.<.· ... :· :. ·.:. ·: .j Increased lipid synthesis 
;,~l,.!.\'t• I , ",:• • ' '• • t 

1~}\~·~~~~~L~· .. :j Increased lipid tnobilization 
r_rJ-··-.;~· '(~ ., ~ l 

~ti~i·~~:f:·:::;: -.:-J Increased lipid oxidation 
~1f!:<t· · · .' . ·J 6- Effects on protein n1etabolism 
~·); ¥· . ·" t • • 

m:~t{:p-.;;. ; : .j Stin1ulate protein synthesis 

. __,/ ··. 
~ . 

, .. ,, 
,\ :·:.: : "( ·.;,·.jJ 

. . . .. ._;_ ~~· .~ ... 

:> . · .. :~~·)):~''.i.' 
. ~ . ; :: 

•• '' !,. . .. .. 
. :~ : .: ' .... . 

• I •' .. 
·, . ~-·--• .·f"'~;f.::J. •J 

· · · · ·· · j 1 - Promote normal growth 
·) Stitnulate growth hormone (GH) secretion 
I • 

. "., .. :;·:;·::~'ir1f 
Protnote bone growth ... ·:. :: : ... 

Pron1ole lGF-1 production by liver 
i ~ ,_. Pron1ote developtnent and n1aturation of 

• 1 •• 

·' ,. 
Oc 

I nervous systen1 · 
I 

Protnote neural branching 
Pron1ote tnveliniz~ lion of nerves 

J 

.. -··· :. .. --.•.. : .. 

. . . . . ... ..·: -~ .. =·, I 
.: ·. ·: ·,. '··· 

-· .,: .. .. =~ .. ~~;: ~·:. I 
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TABLE 9-8. Factors Affecting Thyroid \ I 

Hormone Secretion J 

Stimulatory Factors 

TSH 
Thyroid-stimulating 

immunoglobulins 
Increased TBG levels 

(e.g., pregnancy) 

Inhibitory Factors 

I - deficiency 
Deiodinase deficiency 
Excessive I - intake (Wolff-Chaikoff 

effec~) 

Perchlorate; thiocyanate (inhibit J
pump) 

Propylthiouracil (inhibits peroxidase 
enzyme) 

Decreased TB:G ]evels (e.g., liver 
d-isease) 

~ ·J 
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Figure 76-5. Approximate relationship of thyroid hormone (T 4 and T 3) 

daily rate of secretion to the basal metabolic rate. 
~------ ··-- -·----··. ··- - . " -·· ---·~--- --. ..... 

Eff~ct on Dual Met~bo~ic' Rate. Because tbYroldho;.-L 
mone Increases metabolism an. almost all cells of the body, 
excessive quantities of the hormone· can occasionally in
crease the basal metabolic rate to as much as 60 to 100 per 
cent above normal. On the · other hand, when no thyroid 
hormone is produced, the basal metabolic rate falls almost 
to half normal; that is, the basal metabolic rate be-

. comes - 30 to -60, as discussed in Chapter 72. Figure 76-6 
shows the approximate relationship between the daily sup~ 
ply of thyroid hormones arid the basal metabolic rate. Ex
treme amounts of the hormones are required to cause very 
high basal metabolic rates. 

-- ... -r----·---~ ..... :'f .... ""~ ... ~~-. ""'r."{:', .. ~.,)"('::n;;"~~o:~·~m!"" .... '~~:"'-"'("'""~'"f'"' , ,...!,...~-·~·...,.·~(-"(~':?":>O:r':"t··~.._....-:- ... -·-~ .··~-.· .... -:-~ 



* Multiple<D hormones, including growth 
ho<£Plone (GH) , insuH? - like gro'1D factors 
(IGF-Icl)and -II), insulin, thyroid hormones, 
glucocorticoids.l andr~ens & est~gens 
contribute to the growth process in humans. 
Among these , GH & IGF-I have been 
implicated as the major determinants of 
growth in normal postuterine life. 

* Thyroid hormones are essential in normal 
amounts for growth; excess does not produce 
overgrowth as with GH, but causes increase 
catabolism of proteins & other nutrients. 

* Thyroxine at normal concentrations has 
permissive effect on the action of GH on 
protein synthesis in its absence aminoacids 
uptake & protin synthesis are not much 
stimulated. 

* Reduced thyroid activity in eliildhood 
produces dwarfs who are mentally retarded, 
whereas reduced GH in childhood produces 
dwarfs with normal intelligence. 

l 
I ·-1 
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If M.Wtiple hormones, indUding 8ro~hhci~~~~~GH)~~~lin-li~rowth 
l~ctor~ tl~I and -llf.Q.nsulin, r__hyroid horr ones, glucocortico!9s, ndro
gens!_ and strogens contribute to the growth ~rocess in humans. Among 
1hese, GH and IGF-1 have been implicated as the major determinants of 
~\®Lb in normal pQS.tllt.erine lifFJl However, deficiencies · (or exG:esses) of 
each of the other hormones can seriously affect the normal growth of the 
musculoskeletal system as well as the growth and maturation of other 
tissues. 
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364 PHYSIOLOGY 

r 

Symptoms 

Causes 

TSH levels 

Treatment 

d L 

--- ... . -·----· ~-- ~ 

·} 

TABLE 9-9. Pathophysjolof!v of Th~'rof<f HnrfllnrH"S 

Hyperthyroidism 

Increased basal metabolic rate (BMR) 
Weight loss 
Negative nitrogen balance 
Increased heat production 
Sweating 
Increased cardiac output 
Dyspnea (shortness of breath) 
Tremor, muscle weakness 
EXophth-I ...,._ 
Goiter 

Graves' disease (increased thyroid-stimulating 
immunoglobulins) 

Thyroid neoplasm 
Excess TSH secretion 
Exogenous T3 or T4 

Decreased (feedback inhibition of T3 on the 
anterior lobe) 

Propylthiouracil (inhibits peroxidase enzyme and 
thyroid hormone synthesis) 

Thyroidectomy 
1311 (destroys thyroid) 
t3-Adrenergic blocking agents (adjunct therapy) 

Hypothyroidism 

Decreased basal metabolic rate 
Weight gain 
Positive nitrogen balance 
Decreased heat production 
Cold sensitivity 
Decreased cardiac output 
Hypoventilation 
Lethargy, mental slowness 
.Drooping eyelids 
Myxedema 
Growth retardation 
Mental retardation (perinatal) 
Goiter 

Thyroiditis (autoimmune or Hashimoto's 
thyroiditis) 

Surgery for hyperthyroidism 
J- deficiency 
Congenital (cretinism) 
Decreased TRH or TSH 

Increased (by negative feedback if primary defect 
Is In thyroid gland) 

Decreased (if defect is In hypothalamus or anterior 
pituitary) 

Thyroid hormone replacement merapy 



Normal 
thyroid 
follicles 

Stimulated 
hyperplastic 

thyroid 
follicles 

.. .. ·. "::: 

Epithelial cells 

Collo~d undergoing resorption 

Basal membrane 

Apical membrane 

Stored hormone 
r-:o~-~- (colloid) 

'"'-

FIGURE 40-1 Schematic representation of the basic thyroid unit. A normal follicle consists of a 
central core of colloid material surrounded by a single layer of cuboidal cells~When stimulated by 
thyrotropin, the cells elongate and the central core becomes scalloped because of resorption of 
the colloid. ..:::::..,:.....--· ---
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TABLE 15-5; Types of Thyroid Dysfunctions 'P'" - .: .":;>;-: 
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. THYROID PLA!FMA CONCENTRATIONS ... GOITER 

DYSFUNCTlON CAUSI OF RELEVANT HORMONES PRESENT? 

Hypothyroidism 

Hyperthyroidism 

Primary failure of thyroid gland 

Secondary to hypothalamic or anterior 
pituitary failure 

lack of dietary iodine 

Abnonnal presertce of thyrotd-stimulating 
immunoglobulin (TSI) (Grave's disease) 

Seconoary to excess byp~thata·mic or anterior 
pituita7 secretion 

Hypers_ecreting thyroid tumor 

l T3 a;1d T1; j TSH 

l T 3 and T 1; ! TRH and/or ! TSH 

l T 3 and T 1; j TSH 

f T3 and T1 ; ! TSH 

j T 3 a:.d T .. : j TRH and/or j TSH 

j T3 and T1; ! TSH 

® 
No 

G) 
® 
@ 

No 
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Thyroid gland · y~ 

·' 

~ Parathyroid glands 
(located on posterior 
side of the thyroid 
gland) 

.,.___Chief cell 

·--.. ,,., Oxyphil cell 

~F.< Red blood cell 

Figure 79-10 The four parathyroid glands lie immediately behind 
the thyroid gland. Almost all of the parathyroid hormone (PTH) 
is synthesized and secreted by the chief cells. The function of the 
oxyphil cells is uncertain, but they may be modified or depleted 
chief cells that no longer secrete PTH. 



·· 1-The parathyroid glands develop at 5-14 weeks 
of gestation. 

2- PTH is a single chain protein (9600 
molecular weight) that contains 84 amino 
acids. 

The biologic activity of the hormone resides 
within a.a.1-34. 
3- PTH interacts with receptors on the surface 

of the target cells increasing the formation of 
cAMP, IP & diacylglycerol. 

4- PTH is free in plasma with half life 25 m. 
5- PTH is essential for life, without it Ca++ 

falls in plasma neuromuscular excitability t, 
tetany & death occurs. 

6- The dominant regulator of PTH secretion is 
the plasma Ca++ level. 

7- Ca++ also regulates the size & the number of 
parathyroid cells. 

8- Hypomagnesemia stimulates PTH secretion 
such as Ca++ but less potent. 

9- Arise in plasma phosphate concentration 
indirectly causes a transient t in PTH 
secretion. 

10- 1,25 (OH)2 -D directly redues PTH 
secretion. 
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-f Plasma calcium 

-+ Plasma PTH 

-+Plasma + Urinary excretion 
of phosphate 1 ,25-(0H)2 D3 

+ Urinary excretion 
of calcium 

_ ..... __ ,_-________ ,_ _______ _, 

-+ Release of calcium 
into plasma 

-t Plasma phosphate -+ Plasma calcium 

- -

(FIGuRe 36.7 
..,_ r-- -• - - .. . - -

metabolism. 

Effects of parathyroid hormone 
(PTH) on calcium and phosphate 

.--
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FIGURE 38·7 Overview of parathyroid hormone (PTH) action~. PTH acts directly on bone and. :~;~ l,~: 
kidney to increase calcium influx into plasma. By stimulating 1,25-(0Hh·D synthe&is,, P~~. ~~~.t1.r4~}., 
rectly also increases calcium absorption from the gut. Thus plasma calcium level increases:; rg.~~~mr 
contrast, PTH inhibits renal tubular resorption of phosphate, theroby increasing urinary phos-.:~.~~··~.r 
phata excretion. This effect quantitatively offsets entry of phosphate from bone and gut. Ther~:: .~~~::!~· 
fore plasma phosphate level decreases. . .'.' :.;.:.; .. ' . 
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UNDERACTIVITY of PARATHYROilDS 
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Ovaractivi ty of th<Z Parathyroi~s ( durz often to tumour) ~~~ds 'tq riscz in 
BLOOD CALCIUM l(lv~l ~ and fZVfZntually to OSTEITIS FIBROSA CYSJICA . .':.::.· .. · 
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P reosteoc lasts 

PTH Vitamin D 

\ !r £ 

Acid secretion 
Lysosome 

Ruffled membrane 

Figure 79-5 Bone reso;ption by osteodasts. Parathyroid hor
mone (PTH) binds to receptors on osteoblasts, causing them to 
release osteoprotege rin ligand (OPGL), vvhich binds to receptors 
on preosteodast celts. This causes the celts to differentiate into 
mature osteodasts. The osteoclasts then develop a ruffled bor
der and release enzymes from lysosomes, as well as acids that 
promote bone resorption. Osteocytes are osteoblasts that have 
become encased in bone matrix · during b8ne tissue. production; 

. the osteocytes forn1 a systen1 of inte!-cc·:l'l2Cted cells that spreads 
all through the bone. 
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Vitamin ·o, in conjunction with PTH, is the sec
ond major regulatory hormone for Ca2

+ and phos
phate metabolism. The roles of PTH and vitamin D 
can be distinguished as follows. The role of PTH is 
to maintain the plasma Ca2 + concentration, and its 
actions are coordinated to increase the ionized Ca2 + 

concei)tr_q.tion toward normal. -The role of vitamin D 
is to promote mineralization of new bone, · and its 
actions are coordinated to increase both Ca2 + and . . 
phosphate concentrations in pla~ma so that these 
elements can be deposited in new bone mineral. 

""" . 
o Bone. In bone, 1 ,25-dihydroxycholecalciferol 

acts synergistically with PTH to stimulate osteo
clast activity and bone resorption. This action . 
may seem paradoxical, since the overall action 
of 1 ,25-dihydro~ycholccalciferol is to promote 
bone mineralization. Hovvever, mineralized 
uold" bone is resorbed to provide n1ore Ca:? .. 
and phosphate to ECF so that llnev/' bone can 

. be mineralized (bone remodeling). --
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Vitamin D & its Metabolism 

1. Vitamin D, is a major regulator of calcium & phosphate 
tnetabolism. 

2. Vitatnin D is a honnone in the sense that it is synthesized 
in the body, although not by an endocrine gland; after 

further processing, it is transported via the circulation to 
act on target cells. 

3. It is a vitamin in the sense that when it cannot be 
synthesized in sufficient quantities, it must be ingested in 

minimal amounts for health to be maintained. 

4. Deficiency of vitamin D causes failure of bone 
mineralization & results in the classic disease of rickets in 
children & softening ofthe bones (osteomalacia) in adnits. 

5. The sterol structure of the synthesized form of vitamin D 
(D3) differs slightly from the form usually ingested (D2). 

6. Vitamins D3 & D2 are essentially prohormones that 
undergo identical processing that converts them to 
molecules with identical qualitative & quantitative 
actions. 

7. Once vitamin D enters the circulation from the skin or the 
gut, it is concentrated in the liver. There it is 
hydroxylated to 25-0H-D. this molecule is transported to 
the kidney where it undergoes alternative fates. 

8. 24,25-(0H)2-D is only 1/20th as potent as 1,25-(0H)2-D 
& mainly serves to dispose of excess vitamin D. 

9. Vitamin D, 25-0H-D & 1,25-(0H)2-D circulate bound to 
a protein carrier. 1 ,25-(0H)2-D has by far the lowest 
concentration & the shot1est half-life of the three. 



t Plasma calcium 

+Plasma PTH 

f 
+ Renal 1 a-hydroxylase activity 

t 
+ 1 ,25-(0H)2 0 3 formation 
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+Plasma 

1 ,25-(0H)2 03 

Intestine 

t Urinary excretion 
of phosphate 

t Urinary excretion 
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+ Plasma phosphate + Plasma calcium 

.. ·.·····,.·. 
FIGURE 36~9· ~, 

. . 
Effects of 1 ,25-dihydroxycholecalcifcr-.t 
[1 ;25-(0H)2 0 3 ] on calcium and pho_ 

phate metabolism. 
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FIGURE 36·8 Vitamin D metabolism: Whether synthesized in the akin or absorbed from the d 

vitamin D undergoes ~5 hydroxylation in tho :~var. In t.!:e kidney, it is further hydroxylated in 
1 position when more biological activity is required or in the 24 position when less bJolc 
actJvity is required. 
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II TABLE 51-2. Vitamin D · metabolism in humans 
. ··- - ·-- - ·-- - ·- .,..._ .. -

Plasma concentration Plasma half-life Estimated production rare 
(~giL) (days) (~glday) 

1.25_-(0Hh-D3 ! 0.03 . 1 to 3 1· 
24,25-(0H)2-D3 ' 2 15 to 40 1 
25-0H-D3 ~ 20 5 to 20 10 
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+ Plasma calcium 
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+ Renal 1 a-hydroxylase activity 
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EH4:!cts of 1, 2 5 -dihydroxycholecalcifcroL 
[1 ,25-(0H)2 0 3 ] on calcium and ph< 

phate metabolism. 
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Figurr 8.41. Function -and regulation of 1 ,25-(0H)2D. (From ·Haussler and McCain, 197~ .) 
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_Table 7.5 · Caus~s of deficiency of 1 : 25-dihydro;><ycalciferol · 

· · Failure to. synthesize ch,ole(;alciferol in the skin (this occurs in dar1k-skinned 
pe.opfe in a temperature: ciLrnate) 

I 

Di~tary deficiency of cl')olecalciferol {relatively unimportant) 
I 

Failure to hydroxylate chole~a l c i ferol in the 2? position {this· occurs in ch ~onic 
liver disease; hepatic ·osteodystrophy) 

~ . . . , . . 

f ·· Rapid _meta~Ji~m · of cholecalcifero~ and its· active metabolites (this occurs · . 
. · .= when-hepatic enzymes ·are. inquced and is seen in patients taking anti~onvulsants) 

Failure to ~ydroxylate .25-cholecal~iferol in the 1 position (this c;x:curs in ·. 
patient's with chronic renal failure; renal osteodystrophy) .. 
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·- . ·1 .. ~- ~~,q~~~~~p. -.-£9r. .,the ·. maint~~1an_~~~- .qf~~i}o-~mal .. :. ~<- <~ . .-. ~ · : ':· 
- sodium permeability in · ne~ve·s .< .::_,···· .... < ••• •• '.. • • • • 

• 

2. lt1volved i11 triggering tl1e rel~as.~-- of 
acetylcholine fro1n · 11erve endings at tl1e 
neurotnuscular j~nction · · . 

3. Involved i11 excitation-co11traction coupling 
in · muscle cells · .... ; 

4. Serves as a11 h1tracellular signal· for some 
l1orn1011es 

5. Required by son1e e11zymes for · normal 
activity . . 

6. Required for blood cl9tting _to ... occur .•. 
no!·mally · · . _ 

7·. Req~i!.e<?- for protei11 secretion . 
·s. Cor1s tituen1-of bOlle ------ .~ 

(§ 

- .. -------
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-· .Table 21.-1. ; Distribution· (mmoi/L) of calcium in normal 
·- · · ·· · human plasma. . 

. .. -n·· -- -v.· - . 

. -- -_ uitfuslble 
lonized 1.(Ca2+) 
Complexed to HC03- , 

citrate, etc 
Nondiffu$ible (protein-bound) 

Bound tb albumin 
Bound to globulin 

' 

1.18 
0.16 

0.92 
0.24 

1.34 

1.16 

I • 

; 
I 
I 

I 
I 

I 

~ 1ormetL...ca: "'"=- C:Oris:et~tration, dep~n.d~ _<?f.l _ bl~o d. pH. Alkalosis tn4re~ses the prolein-bo~ 
ana· decreas~s · ·-the lonifed ca+ + concentration,wh.or.eas ac\do·s.is has the opposite eff .. 

' 

Total plasma calcium 2.50 . 

ect. 
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Acidemia Alkalemia 

·r 1 
t Ionized [Ca21 .t Ionized [Ca21 

FIGURE 9-32. Effects of acid-base dlaturbances on plasma pro
tein-binding of . Ca~·: and .. the · lonlze(r .eaz· ··· concentration in 
blood 

• II · ··.l:/: .. :r .•. , r. •·· ,;· .. ,J . · •'P · ·: · ·· ' . ! f • · •· ! • o ' • r , . I • . -

____ .. 

--- ... . -

. 
} 
I 

~ 
~ 
( 
::,l 

~ .,: 
~ .. 
I 
:., 

,. 
( I 

I 

" 
~ I 

• I 

I . 
"' { 

~ 
( I 

I 

I_ 

15 1
\ ~ 

.. ·-- -::. -~ 

-- - 4 

t' I 
I 

( . : I , 
- I --==-



-- -

u.~ 
~..;,;. 
~ ....... 

__.,.. - -. - ---
··-··--·--------

:r :.;~;.·:=-~<::::~; 'J :~~ .. ; .... 
:.: , ·' . ~ ... .. ' 
: .. .... : ~ 

! • 4 . .. ·, 

.... :·. ,. 

.... , , . .. ; 

._,. . ·. .. . . ... . "::::· . , , .. ;,, . ' ... ··· . 

~~~it~="•~n ::. . : .;~.. . ·. W;,{;~; i;~iFjr· . . 
"''rwmH~,J.r~~ 3 ' '. 5;: ;t}z;~{r,;:;~;:~)t;:· , 

~.,. .• - ... ~-..w r;·. ·. 0\·.: t.n .. : 0 ·,_ ·o ; ·· tn 
··:·. 0\: ... 00 oo:: 11) ('() 

loj~, .. ~~ :. ·. . : . ... . . : :. . . . . 
l~~~m~~~~ ' I I ' ' ~ ; •' : :, ' '• , • • . ' • ' ' ' t.:?·.... ,.:·::,~::.; .. ·. . .. ~· .. ( .:·-:;,:· ·. . .. • ... • , 

• ., ;: •• • • • • I> . "': •• , , . . ·. ,•' ... 

. .. 

. . .. 

~~~· .. ·l· ·· ···r~ , .. ;,, ···• ·· '·, t'·\··· ·, ·., ~~· ... d; ~.;:.:'Y!:,N .• ~··;:·.. . • · . 

r,f,~;\~~·~f.~:itf·. 2 D,:.::_£(~;.!·, ·~rf~Htt:~·· .:.·· ··_:;:: ··~: 
·),~;:-~: .. ,§, ·' ~~i... m·~:;:: .. ccs !~;~t:• ~~~¥.!/r;:. .. . ~ ~~ ~ '.·. · ... . 
,,.,, ··!·'i' ,.., "' ::• ,.., · · •·· Cf.) ·• ·•x·"~ ·. ·· ·. ··· . · 

i~~ ·,~~ ~ . ... :. ~-.~~::.~ ~ -~; .. ::.-.. ~.OJ :it~~~· ~ :· .. ··· . 
h:<~~A~· ~ : Q<;~ ·.c:.:.~~~::.a~ .:: ·:· aJ .. · r_ .. I u • ' • • .,......... ':• •; ~ f"\ •:. "" ..._, t.··· .. '· 0 H .. I) v.A..J .... . c;. ctr~·: ·~ .. ;·,~~ ro ·;::.:··~:.',}~:o :," ~ .... : u··;· ~ ·u ···. ?. .. ,y~. (f) · > 

~ft:f::.~;~~£:::·~;;,;.';:: ;' :~B~b~:;,r :> 



+Urinary excretion 
of phosphate 

r Plasma phosphate 

t Plasma calcium 

t Plasma CT 

t Urinary excretion 
of calcium 

! 
t Calcium 

release 

t Plasma calcium 

-~~~uf(e '3&:&· 
. - . . 

Effects of calcitonin (CT) on calcium 
and· phosphate metabolism . 

.. 



.. 

. .... __ ___, - · ·· ----·-------.--------~-------------

~ 

Inhibition of 
osteoclast 

activity 

--- -... --

. ' . I , •.. . . ' I ··· . . I I 

· · .. :. ·· 'EI~vat~d · · · _ 
' , .. ""· plasma.'.Ca2 ... ·:.. ::

1 

• :•, •• ,•; •, I ~ : 

w 

· .. Stimulation oi calcilonrn -
secretion 

' by parafollicular cells 
, . t • '• • 

w 
Increased 

. · plasma 
calcitonin 

l 
' 

...v 

Decrease~ pl~sma Ca2
+ 

--· --.. 

" 
" · ·' Increased · :, · .. I . ' . ,,,• . 

excretion of Ca2.+ ' 
· · '. and POf by : 1

. ' .. • 

;··. , • ·; 
1 kidneys ·· . ·. ,·. · . . 

@) 
t 

~ 
Fig. 1.2.26 The 1Jrincipal actions of calciwnin and the factors 

though t co regulate its secretion. J j 
"-..... 

-~ 
:~ 

~ 
-;, 
;..I 

·:;:;. 
~l 



\ 

~ 

c 
0 c ·...:::; ·c: 
~ 0 
c ·
Q)~ 
u C'tl 
c u 
0 ..... 
u 0 
Q)I 
:2: l
-roa... 
Q)-

0:: 0 

1.0 

0.5 

0 
1.G 

........ ·-----··· -·--·--

Normal 
range 

+ ---)--

, I I ! •, 
0 

,: 1 • ~ \ 

t ' , • 1 ' , • ~ ' • t I 

i t : , . ·. .;·:. ,' . . 
'I • ' 1 

;' ' 'I'. ' • •j1 i .·/• ~ :-. . 'I 
• : • , ' • • \ I • , lIt ', I • o ' ) 

':! • I •' 

.. Circulating · : 
··concentration , 

of. calcitonin ~ c:: ,' . . 
;· . . . \' ....•. ,' .. , ! 0 • I • • ,: ., I # • I } . I , . , 

• , tJ • •• • • j 

, , 
, , 

I • • I ' 

Circulating 
concentration 

of PTH 
!-·' 

,,''1 
, 

I 
,' "" 

2.0 2.!> 3.0 

Pln!;mo cnlr;iurn (rnmolo r- 1) 

~ 

l:ig. 12.25 The n:Lttionsl1ip hl.'CWl'C:Il the: pl;tsm:t c alcium 

conccnrrarion ;1r1d rile secretion of'boch p:tr;trhyroid lwrmonl'. illld 

cdcironin. As calcium ris<:s, rhl' secretion ot'pararhyroid hormonl' J 
falls while that oCcaicironin rises. 

.. 

-· 

~- ' ) 
( /~(, 
I 

''--------
; 

" -~ 
j 

1 

I 
t 



Calcitonin 

1. Calcitonin, a straight-chain peptide of 32 an1ino acids, has a 
n1olecular weight of 3400. 

. '' 
' ' 

2. The biologically active core of the n1olecule probably resides in 
its central region. 

3. Calcitonin is secreted by thyroid parafollicular cells known as 
"C" cells. 

4. Calcitonin, (CT), decreases plasma calcium levels by 
antagonizing the actions of PTH on bone. 

5. Calcitonin is also present in netvous tissue, where ·it may 
function as a neurotnodulator. 

6. The tnajor stimulus to CT secretion is a rise in plasma calciutn 
concentration. 

7. The hypocalcemic action is caused by inhibition both of 
osteocytic osteolysis & osteoclastic bone resorption particularly 
when these are stimulated by PTH. 

8. However, with respect to phosphate, it has the san1e net effect as 
PTH; that is, CT decreases plasma phosphate concentration & 
increases urinary phosphate excretion slightly. 

9. The importantfof CT in hutnans is controversial CT deficiency 
does not lead to hypercalcetnia & CT hypersecretion does not 
produce hypocalcemia. It may be that abnormal CT secretion is 
easily compensated for by adjustment in PTH & vitamin D 
levels. 

10. Is degraded within the liver & kidney, after half-life of 30-60 
minutes. 
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Osteomalacia 
0 . 

*Osteomalacia is rickets in adults and is frequently called 
"adult rickets." 

Normal adults rarely have a serious dietary deficiency of 
vitamin D or calcium because large quantities of calciu& are 
not needed for bone growth as in children. However, a seri
~ deficiency of both vitamin D and calcium occasFonally 
OCcurs as a result of steatorrhea (failure to absorb fat), for 
vitamin D is fat-soluble, and calcium tends to form insolu
ble soaps with fat; ; consequently, in steatorrhea-~~ vita
minD and calcium tend to pass into the feces:Un these 
conditions an adult occasionally has such poor ca]Cfum and I 

phosphate absorption that adult rickets can occur, though 
this almost never :Proceeds to the stage of tetany-but very · 
often is a cause of severe bone disability. 
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fliCKETS :. CD . 
@ ~:ioccurs mainly in children as a result of calcium or 
phosphate~eficiency in the extracellular fluid. ¥ et, ordi
narily rickets is due to lack of vitatnin D, rather than a 
dietary lack of calciutnor phosphate. If the child is-properly 
exposed to sunlight, the 7-dehydrocholesterol in the skin 
Lecotnes activated by the ultraviolet rays 8nd forms vitamin 
D3 , which prevents rickets by promoting calcium and phos
phate absorption fron1 the intestines, as discussed earlier in 
the chapter. . 

&.Children who rernain indoors through the winter in gen
eral do not receive adequate quantities of yita'<ffin D without 
son1e suppletnentary therapy in the diet~iCKets tends to 
occur especially in the s'pring months because vitamin D 
fonnetl during the preceding summer is stored in the liver 
nnd is still available for use during the early winter months. 
Also, calciutn and phosphate absorption from the bones can 
prevent clinical signs of rickets for the first few months of 
vitnn1in D deficiency. 
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OSTEOP;OROSIS . · . .-- . - . ·en . . ~----- -

: OsteOporosis! th~\ most common of ali · bone diseases in 
c._ adults :·a.~d especially in old age, & a different di~e::se 
' from osteomalacia and rickets for ~e~ults from dimin
. ished orgat.t,iC ·matrix rather than a:'bndrmal bone calci

fication: l;J§li~lly, in osteoPorosiS the ost86blastic activity 
in the bone is lesS than normal and Consequently the 
·rate · o(~one deposition is depre~sed.?JBut occasi_o~ally, 
as in hyperparathy;roidism; the cause ¢The diminished 

"-bone is excess· osteoclastic activit . · : . --· ·. -·- ., ...... · ·-. · ·:·:--:-· ~-· -----;--------,---~- -. - ._ .. ------- -- -- . --~· ···-- ..... x __ ;;. -...... 
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CAUSES OF OSTEOPOROSIS ARE: 

1) Lack of physical stress on the bones because of 

inactivity. 

2) Malnutrition to the extent that sufficient protein 

matrix cannot be fom1ed. 

3) Lack of vitamin C, 

4) Postlnenopausal lack of estrogen secretion. 

5) Old age, in which 1nany of the protein anabolic 

functions are poor . 

6) Cushing's disease, because 1nassive quantities 

of glucocorticoids cause decreased deposition of 

protein. 

7) Acro1negaly, possibly because of lack of sec 

hormones, excess of adrenocortical hormnes, 

and often lack of insulin because of the 

diabetogenic effect of growth hon11one. 
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Alpha cells ~ (Glucagon) 

Beta cells ~ (Insulin and amylin) 

Delta cells (Somatostatin) 

F cells (Pancreatic polypeptide) 

t£~ IPWIP .ww;;:e:w 

Amyl in is a 37-amino acid peptide that 1s_a1most 1 

exclusively expressed within pancreatic ?e~a 
cells, where it is copackaged with i~s~lln tn 

secretory granulesJ 'Preclinical 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 opncreatic islets of Langerhans. 
J ------------------ .. 
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Cell Types 

,u., ce ll {a) 

B ce ll (~) 

D ce ll (o) 

F ce ll (PP cell) 

' 

Approximate % 
I 

of Islet Mass · Secretory Products 

20% Glucagon, proglucagon 
75% - Insulin, C pept ide, proinsulin 
3-5% Somatostatin 
< 2% Pancreatic polypeptide 
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IGURE 9-26. Structure of porcine proiusulin. The connecting peptide (C peptide) is cleaved to form insulin. (Modified with 
ermlssion from W. N. Shaw and R. R. Chance. Effect of porcine proinsulln ln vitro on adipose tissue and diaphragm of the normal rat. 
iabetes 17:737, 19G8.) 
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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 in 
equimolar amounts, along with a small amount of proinsulin. 
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INSULIN RECE PTOR 

Insulin =8- -Gt-ln:.;ulln s-s a a 
.: .,_ 1 s-s s - s 
.... ·. 

Extracellu lar fluid 

m1 :·r;). DODfmffftm1flfni'ffi1fmf~((i~~-rf~1n 
ggg :;~;: ~m~~1~lli 

~ 1 fl"f[t Cell membrane 
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FIGURE 9-28. Structure of tile 
insulin receptor. The two a sub
units arc connected by disulfide 
bonds; each u subunit is con
nected to a f3 subunit by .1 d isul
fide bond. The f3 subunits have 
tyrosine kinase activity. ~-·· / 

lntmcollulnr 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 ~ 

subunits on tyrosine residues. This autophosphory lation 
in necessary for insulin to exert its biologic effec~s . 
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Figure .. ~9-5. Diagrammatic representation of the struc=- -· ·-
ture of the insu!i,:; receptor. ;h'J receptc~ is a tetrameriG 
protein made up of 2 cz and 2 {3 subunits joined by disu_lfide 
(-S-S-) ·bonds. Insulin (I·NS) binds to the a -subunits 
and this triggers autophosphorylation of the tyrosine ki
·nase portjons of the {3_ subunits inside the cel l. The auto-

-

phosphorylation in turn triggers the rest of the multiple 
a·nd extensive effects of insulin _(Modified from Andersen 
AS: Reception and transmission Nature 1989;337:12.) 
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Glucokinase 

Glucose-6-phospllate 

~~Oxidation 
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(closed) 

Ca++ channel 
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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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GLYCOLYSIS 

-----====:Y.~~~~====~~ Glucose enters the cell 
' via a CLUT2 lrnnsporter, 

-------~ -· 

• Glucokinase~ 

Glucose-6-phosphate 

\ 
0 

~ ·~ r-· 
-----, 

which mediates 
(('lcilit;~tl'Cl diHusion of 
glucose into the cell . 

The increased glucose influx 
stimulates glucose metabolism, 
leading to an increase in [A TPh 
or in {ATP)1 I [ADP]j. 

The increased [ATP); and/or 
[ATP), I (ADP); inhibits an ATP
sensitive K• channel. 

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

KArP chonnol 

-Phospholipase C 

secretion 01ct via the 
01dcnylyl cyciMc-cAMP
prolcln kinase A pathway 
nnd the phospholipase 
C- phosphoinosillde 
pathway. 

Glucagon/ • 
p-adrenerglc 

agonists 

""""'- Somatostatin 
galanln 
a-adrenergic 

agonlsts 
~ 

• ,Insulin 

The depolarization activ:~tes a 
voltage-gated Ca2+ channel in 
the plasma membrane. 

The activation of this Ca2+ channel 
promotes Ca2+ influx, and thus 
increases [Ca211, which also evokes 
Ca2+-induced Ca2+ release. 

The elevated [Cn2+J1 lend:> to 
cxocytosis nnd relcnsc into the 
blood of insulin contained 
within the secretory granules. 

FIGURE 50-4. Mechamsm of insulm secretion b)' the pancrc;~uc f3 ..:ell. Increased levels of extmccllul:~r glucose trigger the f3 cell 10 sccmc msuhn in 
the seven steps outlmed in this figure. Metabolizable sugars (e.g., galactose and m~nnosc) and certatn amino actds (e.g .. arginine and leucme) can also 
sumulatc the ruston of vesicles that comam previously synthestzcd insulin. In adduton to these fuel sources, certain hormones (e.g., glucagon, 
somatostatin. CCK) can also modulate tnsulin secretion. ADP, adenosine: diphosphate: ATP, adenosme: triphosphate: cAMP, cyclic adenosme mono
phosph~tc: CCK. cholecystokinin: DAG, diacylglycerol; ER, endoplasmic reticulum: IP3, inositol 1,4,5-triphosphate; PlP2, phosphaudylinositol 4,5· 
biphosph~tc: PKA, protem kinase A: PLC, phospholip:~sc C. 
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Of.29 ?~O acids in IGF~J, t 
13 Cl!~ homologous with 113/29 homology I 
insulin B domain. t 

IGF-1 

t 
j22i28-ho-mology-! 

+ 
IGF-Il 

t 
j 4/6 homology I 

D t 

=IGURE 47-5. Structure of the insulin-like· growth factors (IGFs). Insulin, IGF-1, and IGF-ll share three domains (A, B, and C), which share a high 
iegree of amino acid sequence homology. The C region is cleaved from insulin (as the C peptide) during processing, but is not cleaved from either 
lGF-1 or IGF-11. In addition, IGF-1 and IGF-Il also have a short D domain. 

. -- --~---·----'-----· . - -
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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Extracellular 
space IGF-1 

RECEPTOR 

,.----A-... 
N 

FIGURE 47-6. Comparison of in
sulin, insulin-like growth factor 
(IGF)-I, and IGF-n receptors. Both 
the insulin and IGF-I receptors are 
heterotetramers joined by disulfide 
bonds. For both, the cytoplasmic 
portion of the f3 subunits have tyro
sine kinase domains as well as auto
phosphorylation sites. The IGF-II 
receptot (also called mannose-6-
phosphate [M6Pj receptor) is a sin• .; 
gle polypeptide chain with no ki1 
nase domain. 

INSULIN 
RECEPTOR 

IGF-Il 
MANNOSE-6-
PHOSPHATE 
RECEPTOR 

,----A--... ~· a. 

ln~t~IJri·\~~~ Growth Factor II Has Aqi~ns . ~~ 
SJrU.!.f.~r Jo Thqse of Insulin-Like Growtf:l F(lct~~~ 
, but Is less Dependent on Growth Hormon~~ 
"he physiol9gy of iGF-II differs frdm that qf 1GF-I in ·.~ 
umber of irilportant respects. First, as noted earlier, Lhj¥. 
mthesis. of JGF-II dep~nds less on circulating GH than 
tat of IGF-1. In pituitary dwarfism secondary to GH 
!ficiency, the circulating concentration of IGF-1 is de
eased, but that of IGF-II is hot. In states of excessive 
!-! secretion, plasma IGF-1 is reliably elevated, whereas ' 
asma IGF-II is not. 
~}'~~~~~.~·~" 

Although IGF-ll also binds to the IGF-1 receptor, it 1 

preferentially binds to its own so-called IGF-TI receptor. 
This IGF-Il receptor consists of a single-chain polypeptide 

1 and is srrucruraR.y 'very distinct from the IGF-1 receptor 
~ (see Fig. 4 7 -6). The IGF-II receptor lacks a tyrosine-
; kinase domain and does not undergo autophosphoryla! tion in response ' to the binding of either IGF-II or IGF-1. 
i The IGF-Il receptor also binds mannose-6-phosphate 
HM6P), but at a site different from that for IGF-ll binding, · ' . i and the receptor's physiological role appears to be .In 
~ processing ma.nnosylated proteins by targeting them for 
,, lysosomal degradation. Thus, the term "IGF-II receptor" is 
~ somewhat of a misnomer;· the IGF-II receptor's role in the 
l physiological action of IGF-11 is not clear. 
; Despite these differences, IGF-ll does share with JGF-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-1-receptor. , 
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• All lltl' pn ~t'l'\\1 ':-> li:-.tc·d o11 tlw left -glyco~<'Hol~·:-.is. ~lm:ont•oh< : ncsis, lipolysis, 'auu inllihition of glu- : 
<.·ow upt akc· - an· oppowd to ins• di 11's al'liou~ and arc stimulatt•d by one or more of the ~lu<.:osc-coun- . 
lt'rregulatory Jt~,riiiOIIC\ i11 the tablt•. An X indkatcs tha t the hormone ~timuhttcs llac process; no X ' 
.udical<·s rlta_t t~H' lton•u."lt' l1a:-. uo 111ajnr physiolo~ic<~l <.ffcd on the pnx..-c.ss. Epincpl_1rinc stimulutcs · 
~ly< ·ogc·llolpt~ 111 hotl • l"·•·r a11d :-.l..t•ldal lllllsck·. wlacn•;L, ~lucagon uucs so only In laver. · 

~ /(To a greal ~~·xtcul insulin may l)evi~~;e"J ~~ tl~-e ... l;o~:~no-nc~ . -
of plenty."1ts seerclion and pla~ma conccnttntion. ure·in- . ~· . J 

erewwd duriug the absoq)tivc pcrioJ nnd decreased' dur- : ..... 

lug po.slu!Jsorplion, mad llu'!W duuagl'S ua•,, mhHjtll&lo ' tu 1 

c•uas1• a1aos l of tlu• 11wlabolie claang<.•s us~oeiutcd ·\vitlrthoso '.· 
P'·riud:-.. lu addition, opposml iu val'ious way:; to in:;ulin'~ ·~ 
l'!'lt·ds an~ l)l<! aelious of four lllllj<H' ~lllCOSl!·COUlllCl"l'Cgu- ,' 

lalw)' coutrols-g;lucugou, t•piawplariuo aud the . syml~ll- ' 
tlwti<: IH~J-ve~ to tiH· livt~ r aud :.~dipose tissue. <.;ortisol, unJ 
gruwth hon~loJH.! (Table lti-4).f?)Glueagon and the syn•pa-
thetic: nervous .systen1 are activated during the postabsorp-
tive period (or in any other situation with hypoglyce.Inia) ·; 
and definitely play roles in prcvc,

1
nting hypoglyce1n.ia,'glu- · 

c:agon bcin~ the more itnportanr: Thc rates of secretion of l· 
cortisol and growth hormone are not usually co~p~d to ; 
the absotvlive-postaoorplive pattern; nevertheless, their.; 
pn·scucc in th t~ blood at basal concentrations i~ ncccssmy ~ 
l(>r normal aclju.sltnent of lipid anu carbohydrate n1ctabo- ; 
lism to the postabsoi1)tive p ciioc.l, and~xcessive an1ounts ·; 
of eithe r hormone cause abnonnally elevated plasn1a glu- -~ 
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m Fig. 46-10 Mechanisms of insulin action on cells. In~u
lin binding to a-subunit of irs receptor causes autophosphor)'
larion by ATP of an intracellular ~-s;,tbunit rtceptor site that 
generates tyrosine kinase activity. Glucose trJnsporters are 
then moved to the plasma membrane and facilitat~ glucose en
try. The rec;eptor tyrosinekinase is presumed to phosphorylate 
protein kinases and phosphatases, which in tum activate or 
deactivate target enzymes of glucose metabolism by phospho
rylarion or dephosphorylation. (This may be aided by generJ· 
lion of a separate inositol phosphate glycan second messen
ger.) By still undefinerl mechanisms, a transcription f~c1or(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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[ .. Nl euzbrane ·effects 
U ptakc of glucose incrcascJ 

U ptuke of amino ncids incre;1scd 

Uptake of fatty acills increased 

Uptake of lv1g2 '" anJ K 1 increased 

--=rc: Ai eta bolic effects 
Increased synthesis of DNA and lZNA 

Increased protei)1 synthesis 
. -

.. 

.... . 

. . ... 
: ; : .. ··: 0 

Increased synthesis or glyc~)g~n (i ll liver and D1Usclc) 
·_-::.· ~ : -
. .. 

Increased sy~Hl~esi~ ~ ~riglyc~riJ~~ (i n a<.li pose tissue) l :'~~;.:~.;~~~ -~ 
Increased synthesis of cb~lcst~r~)-1 (in-liver -ana gut) · -- ~ i :~?Ji!~:~~ - -

. l · ~ .: '· .... 

Increased fntty acid synlhcsis (in liver) _. · : ~:~ :~~:<L- ·.' 
Decreased pr~t~in breakdown (in muscle) - _·-:.1 ::)I;A}:.·~-

- .::1 . -~\r~~t~-n.::~ 
Decreased ·glycogenolysis (in liver) : :.::::~ I }~\~f;}i<r 

Decreased gluconeog-enesis (in liver and kidney) -;·: :1i(;·{r~ 
...... -i--fit :.;J -~ -

Decreased ketone production (in liver) . - · . ·:·' ~- f ~lf-/· 
I S • .,:~Z.~·.: ::} ··: 

• --~"?· "-4 .J 

Decreased trig~yceridc breakdown (i1: adipose tissue)~;.{ #~f~-
. · l:f._j·'-~b:-~, 
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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 Typ~ 2 diabetic, 
the same maximal response is reached,. 
but only at a much higher insulin 
concentration. 
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Glucose 
transport 

Controls ""' ./ 
/ .. · -' 

... -r" \ 

0.1 1 

' .· .· 

10 

_,./ Down regulation 
l/ of receptors and 
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FIGU RE 50-7. Response to insulin of normal and "downregulated" adi
pocytes. 
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Table 7.6 .. ··· - · -·-

~~~)::-~: I. 

. 1\ ; ·-j 
Biological effects of insulin } . 

' fA! On carbohydrate metabolis1n · 
~ 

. I 
. '·. :\ ... 

. . ~ . @ Reduces rate of release of glucose from liver 
. ·:· . ~ ·. 

a. by inhibiting glycogenolysis. 
b. by stimulating glycogen synthesis. 

. ; ;:·;\ _:· ·.; 
: : .. "' I: 

\ · . 
c. by stimulating glucose uptake. 

. ' . - ! -
. j 

d. by stimulating glycolysis. . i 

e. by indirectly inhib~tirtg : gluconeogenesis via inhibition ~ ~ ... 
of fatty acid mobilization fro1n adipose tissue. . · : ;~:~\ .+~ 

® I~cre~ses rate of uptak~ of ~luc_ose. into ~1 insulin-sen~i-. ~~~i \ ::-~: 
tlve tissues, notably muscle and ad1pose tiSsue - -_. - ; . : ~~~ ·/:.:.~-~ _ 

. ·t.· · . ,~t.··· 

a. ·directly, by stimulating glucose transport across the Jf.;i·;~).:j.~ 

1 b ... ' . ~ .. :J:!~~;:~:~~-;· p as rna mem ran e. _ ~ __ ___ ..... ;:. · ~_·;:;:·:~·~.;.:!;~{~.!} 

. . b. indirectly, by reducing plasma-i~~~ -fatty· ac1d levels.:;~~~~-~~~~.\";~~-
~1} 0 1. .d b . . . . .. ··-··-r.•<':'. \ <.:· 

~ n 1p1 meta ohsm . · · · .. ----~~>t~~~ -~~ 
q) ~equc~s rate of release of free . fatty acids froi? ad.ipo~~-:~fJ§ \·~~~;i 

t1ssue. - · :'.~: ~ · ::~-: -~~t ~ j_: 

® Stimulates de novo fatty acid synthesis and also conver-·.- i~~=~i- \·:(: 
r:::\ sian o~ fatty aci_d~ to t~igl:~~eri?:s _in_ liver. . ·: ,~_:_.::~_~i~~\~ 
~~On proLe1n tuetnbohsn1 . · · ·- ·- . ~- -=:·--'::+~:~~~fl~~tl ? 

([) S~imulates transport of free amino acids across the plllsrr1~'~1*J: 
-· 1nembrane in liver and n1uscle. · ~ ----· -· ,-~ ---- --.:~ .; . :··_ .: ;_::.:. ·:· ... t·?~~~:fi:~~~b . - ..... ,.. ....• ··-y;-"4 1;.{; - ( ' 

· . _ ® S ti~ ula t:s protein biosynthesis and ' reduces. r~}~~~ci~9£1:~\·f 
· ·· am1no ac1d from muscle· -- - -- -· · --- --- ·- ·- - · --~· · J. ~- - • ... , • • _~.,~:;;:.-~~~ • 
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· 'fable -~ 9-5. Principal actions of insulin. · 
.. i ; ~ 

.Adipose tissue · .'t .Sr .. :. ! 
I. Increased glucose entry ·. ·.<;-'.'~; \J(:~:.r 

.. 2. Increased fatty acid synthesis .. · ··:~ h!\>. 
3. Increased glycerol phosphate synthesis .>·( .. {~,::<· 
4. lnc~ea~ed trig.lyceride .deposition .::·· · ~~:·1~f·.f9':~ 
5. Act1vat1on of ltpoprotetn ltpase · :·i ··:· · 1 

6. Inhibition of hormone-sensitive lipase ·\ ··; 1 

7. Increased K + uptake ; ·.: 
1 .• ! 

Muscle ·~·' .·:·.: ; 
1. Increased glucose entry · ~ :~::·~: -1k;~ ! 
2. Increased glycogen synthesis ·: ·. ·:~·~::; )?·: i 

3. Increased amino acid uptake ~~- : ::i·;; ~[{.~ : 
4. Increased protein synthesis in ribosomes · ·.: ·:.S::J}:· :·~· : 
5. pecreased protein catabol!sm · ... = · ~;~I~ J1~:-:t 
6. Decreased release of glucoheogenic ·amino acids ; , ;·· ) : 
7. Increased ketone uptake .. .. . · ~-:~- . ; / :~~ ~.: 
8. Increased K + uptake - . . : r .' / I ::~= ' 

.... . .· . . . . ' I . ·= ;. .. . . -- Liver _ · ·~ ; · · · :: .; :.:~ r .. 
: 1.· Decreas~d -keto-genesis. --.-.. - --· · · · - ·:-~:· ~ .. :. i\ - ~~:;j -

2. Increased protein synthesis · · : · ·. .-: .. :· .· . ·.i~~ .. r:} 
.. • ....... t . - l' '--~ 

3. Increased lipid synthesis · · · ... .. ·!.; t:. :~ 

4. Decreased glucose output due to decreased . • .. ;;~:<~f.l~l~,; 
gluconeogenesis and increased glycogen synthesis , :i4i j~; 

General . . . · .. _.: ~~~--~(~ 
1. Increased cell growth · - -=- -<"- .. ;-;~·~t~:/~: ________ ...;;.,_ _______________ ;.•i7J>- ·:· 
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Table 19-3. Effect of i!lsulin on glucose uptake in tis~ues in 

: which it has been investigated. - ; 

I • 

..:.th _______________________ _ 

... ; .. Tissues in which Insulin fac~lltates: glucose uptake:· 
\ Skeletal muscle . : : ::. :, · ' · :.- ·' .i. .. { ).- .. '··· 

Cardiac muscle · 

I· 

Smooth muscle 
Adipose tissue 
Leukocytes 
Crystalline lens of the ey.e 
.Pituitar)' · 
Fibroblasts 
Mammary gland 
Aorta 

. -

@ A cells of pancreatic islets 
' Tissues Jn which insulin does not facilitate gluco$e-ii~---

:I 
I 
I 

I 
I 

: \ 

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

·- . 

, : . " . 

~ 

I 

. 
. f 
I 

·! 
·i 

: ! 

<:G .. 
I j 
: . 

,i 

j 
I 
I 
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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 i 9 'J . Types of hurr~an diabete~ci rnelJitus. 

f . . _Type 

I Type I 

Type II 

Diabetes assoc. ~ ~ed 
with other 
conditions 

Other Names ·· ·· 

fnsuHn-dep~ndent diabe-tes (lOOM). 
Juvenile diabetes. 
Ketosis-prone diabete?_. 

Non-insulin-dependent diabetes 
(NIDDM). 
Maturity-onset diabe1es. 
Kelosis-resist~nt diabei-es. 

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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diuuolcs mellilus (lDDfvf], was fonnerly known as i · 
·juvenile-onset diauete@'-rypo 1 diabetes develops sud- I 
donly, u'sua'lly he'fore lhe age· o£--15 ·-years, ·aRd often ', .. ·" .. :. _,,, , .. __ --.. . , . n,,_. , ~ " ••. ~ • 

cls pathology of the f3 lsl1 
hJfectlon or an autolmmur 
~~I~~f(yJ'~sJ~Id~~l~1~)1c ~IY.'l 
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n lesser extent, hyperglycomio. Because of the early 
onscl of lhoir disease, type 1 diabetics typirmlly exhibit 
long-lorm vascular and noural pr.oblem~; Complica-
tions resulting from vosculor problems include ath-
orosclcrosis, slrokcs, hoorl nllocks, gangrene,_ and 
bHnt.lness; consequoncos of nouropolhies include loss . 
(of SOllSOliUll, impoirod UlUdUOl' fuuclion, and im-
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;ooles wellilus (NiDDM,f ~os fonnerly culled n1ature· ~~ · 
.onset diabetes b:~cous~il occurs Inoslly· after the age I 
of 40 years BIH.l _is' increasingly comtnoh ; with nge. . \ t._ 

@Horec.lily or n familial predlsposltlon is partlculntly 
.striking Tn this diabetic group: ff an identical twh1 has 
lyp? 11 Jlubelea inelllt~s, th~ probo.Llllty that the other I 
lwl n will hovo the (hsenso is 10U%~Allhough 1nost , 
lypo 11 Jlobollcs produce .hisuiln, tho-~mount is ina d.. / 
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oquulo. uliftlhoro is. soino :O.buurmolll)r of the lusullt1 \ ,. 
rot:uploraYfype 11 uiubelics are nltnost always ovar.. . 
wolght ond account for over 9Uo/o of the knoviii-miaas-

1 
.. r 

of clloboles 1nell llus. Ketosis is not a mojor problatn ! 
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bo tuouugcJ solely by eliot untl cxcrcistf?.M'elght con-
trol Js very importtu1t, l>ecuuso obesity alone causes 
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Diabetes associated 
with other 
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, acromegaly, or 
other endocrine diseases. 
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T-Obesity 
----4 .. -..-- ---- .-... --

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, 55o/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;n although starvation continuys. to be a 
problem in ~any parts of the world, the number of 

- .... - · 

overweight people in the world is now as great as the 
number of underfed. . 
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Inputs to bel a cells and effects of insulin, including negative 
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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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f/ Table 7.7 
Factors influencing glucagon release 
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Stimulation 

Amino acids 
Gastrointestinal polypeptide hormbnes 
Ca techolamines (exercise) 
Growth hormone l Glucocorticoids 
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Inhibition · 

Glucose · 
Insulin 
Free fatty acids 
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Cholecystokinin-Pancreozymin 

It 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-P~_mo~t..cummq.~Jy,. ~<;C .. K~--~~--- .. ~-- -
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Obesity-body weight more than 20°/o above so1nc desirable . ) 
:-.l.lndard due to an ex(essive ac,un1ulation of adipose tissue- a£- ··/ 
fc( t.-. one-third of the .H.Iult population in the United sr~ucs. (An ·. ··l 
.llh i L'lL' m.l)' be CJ\'('f'H't:Jglll due to high<.:r-lhan-nortnal amounts of:-/ 
n1 u~Lk ti~sue wi thout being obese.) Even n1oderatc obesitY. iS haz~ i 
arJou~ to h~.:alth; it is implicated as a risk factor in cardiovascula~ ) 
Jisea!>e, hypertension, puhnonary disease, non-insulin-dependent<;/ 
di abetes n1ellitus, Jrthritis, certain can,ers (breast, uterus, ·and ;.:1 .,,, 

Lolon) , vari(ose veins, and gallbladder disease. Also, loss ofbodyfar ·:.1 

in obe:,e inJiviJuab has been shown to elevate HDL cholesterol, the ··.! 
• . t ~. ' 

type asso(iateJ with prevention of cardiovascular disease. · · . ... .j 
.............__ .. _ .... · -~ - _.., , 
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Ciinical Characteristics of Patients with Type , I and Type II Diabetes Mellitus 

Feature! Type I Type I I 

:\~I! ~t on~ t .... 
!3oJy 111:lSS 

PIJ..c..mJ insulin 
Pl~\ma ducJ~on . - .... 

PIJ..\mJ glucose 
Ir.\ulin ~~n~ili\'ity 
TI1~r::py 

UsuJ!Iy < 20 y~:ars 
Low ( wa..\lL'U) to norm~d 
Low or Jb~~n t 

II igh. cJn be ~urrr~sscJ 
J ncr(.'JSc:J 
~oml:tl 

ln\ulin 

u~u:tl!)' > ~Q )'L'ars 

Ob~.:~l! 

~orm;!l to hi~h 
lligh. r~~i~d~tnl to ~uppr~ssion 
Jncr~J..,cll 

RL·duc~J 

\\'eigh t los:\. thi~lzoliJincdilHh:s. mL·tf~)nnin. 
~ulfon) lurc:J". insulin 

Insulin-dependent dlabct&s (U)DM)J Non·insuQn-depondent di~b•tes {)JionM). 
Juvenile. diabet•s. 1 Matutil)-onse-t dii'b•tt.c. 
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Figure 19-11~ Plasma gftjc·ose l~vels in ar_teriali~ed · · 
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venous blood at which various effects of hypoglycemia 
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Figure 19-6. Insulin, IGF-1, and IGF-11 receptors. Each 
hormone binds primarily to its own receptor, but insulin 
also binds to the JGF-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. 
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Figure 78-7. Increase in plasma insulin concentration following 
t 

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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