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Fig. 28.5 .R~Iatiouship between hypothalamic ncuroncs and an­
terior pituitary cells. (from lt Guillcmin & It llurgus ( 1972) 
Sciowific Amol'it:t~~l227 (5) :ltl-33.) 
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Axon of hypothalamo-
1----- hypophyseal tract 

Posterior pituitary 
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Fig. 2R.H Hole of the 1iostcrior pituitary cells in the storage of the 
hormones oxyrocin and 1\ DII cl;~boratcd by hypothalamic ncuroncs 
(/"rom It Guillc111i11 & H. llurJtiiS ( 1972) Scientific American 227 (5) 
24-33). 
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FIGURE 31.2 The blood supply to the anterior pituitary. 
This illustration shows the relationship of the pituitary blood supply to 
hypothalamic magnocellular neurons and to hypothalamic neurosecretory 
cells that produce releasing hormones. The magnocellular neuron 
(larger, dark blue cell body) releases AVP or oxytocin at its axon 
terminals into capillaries that give rise to the venous drainage of the 
posterior lobe. The neurons with smaller, light blue cell bodies are 
secreting releasing factors into capillary networks that give rise to the 
long and short hypophyseal portal vessels, respectively. Releasing 
hormones are shown reaching the hormone-secreting cells of the 
anterior lobe via the portal vessels. 
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.Anterior .' Pituitary Gland Contains .. Several 
· Different Cell Types That Syntliesi?-e and ·Secrete 
Hormones. Usually, there is one cell type for each major 
hormone formed in ~he ·anterior pituitary gland. With 
special stains attached to high-affinity antibodies that 
bind with the distinctive hormones, at least five cell types . 
can be differentiated.: 

Tabie 7S-1 Cells and Hormones of the Anterior Pituita!)' Gland-and Their Physiological F'unctions 

~6rtico~ropes 

Thynotropes 
,,;: 

Gonadotropes 

Lactotropes 
M~mmotropes 

Growth honmone (GH; 
somatotropin) 

Adrenocorticotropic hormone · 
(ACTH; corticotropin) 

Thyroid-stimulating honmone_ ' 
(TSH; thyrotropin) 

Follicle-stimulating hormone 
(FSH) 

Luteinizing honmone (LH) 

Prolactin (PRL) 

·.•. Single chain of 191 amino 
acids 

Single chain of 39 · 
amino acids 

Glycoprotein of two subunits, 
. a (89 amino acids) and I' 
· .. (112 amino acids) 

·Glycoprotein of two subunits, 
a (89 amino acids) and I' 
(112 amino acids) 
Glycoprotein of two subunits, 
a (89 amino acids) and I' 
(115 amino acids) 

Phy~--~:~~-~-~-~~,~~i~I~~i~~~J~:~ 
Stimulates body growth; stimulates secretion 
of IGF-1; stimulates lipolysis; inhibits actions of 
ins~lin on carbohydrate and lipid metabolism 

Stimulates production of glucocorticoids and 
androgens by the adrenal cortex; maintains 
size of zona fasciculata and zona reticularis 
of cortex 

Stimulates production of thyroid hormones 
by thyroid follicular cells; maintains size of 
follicular cells 

Stimulates deve!opment of ovarian follicles; 
regulates spermatogenesis in the testis 
Causes ovulation and formation of the 
corpus luteum in the oval)'; stimulates 
production of estrogen and progesterone 
by the oval)'; stimulates testosterone 
production by the testis 

Single chain of 198 amino Stimulates milk secretion and production 
acids 

IGF, insulin-like growth factor. 
About 30 to 40 percent of the anterior pituitary cells 

are somatotropes that secrete growth hormone, and about 
20 percent are corticotropes that secrete ACTH. Each of 
the other cell types accounts for only 3 to 5 percent of the 
total; nevertheless, they secrete powerful~ hormones for 
controlling thyroid function, sexual functions, and milk 
secretion by the breasts. 



Specific Areas in the Hypothalamus Control. 
·-' ····-··-- • .,. ,,,..,_ __ ,.,_., ····.~·•·-·~------.--..--.--••·~..,_~.,__....--~"•---~----··~~"'""--.-,.,-"""w""-="'"---~.,-,.~" 

Secretion of Specific Hypothalamic Releasing and 
Inhibitory Hormones. All or most of the hypothalamic 
hormones are secreted at nerve endings in the median 
eminence before being transported to the anterior pituitary 

gland. Electrical stimulation of this region excites these 
nerve endings and, therefore, causes release of essentially 
all the hypothalamic hormones. However, the neuronal 
cell bodies that give rise to these median eminence nerve 
endings are located in other discrete areas of the hypo­
thalamus or in closelv related areas of the basal brain. · 

Table 75-2 Hypothalamic Releasing and Inhibitory Hormones That Control Secretion of the Anterior Pituitary Gland 

~ormo~~t·{~~:~z .. ·· 
Thyrotropin-releasing hormone 

Gonadotropin-releasing hormone {GnRH) 

Corticotropin-releasing hormone (CRH) 

Growth hormone-releasing hormone (GHRH) 

Growth hormone inhibitory hormone 
(somatostatin) 

Prolactin-inhibiting hormone (PJH) 

~ .fa¥t~$ikt~f( ,~~-;?' · ··· ;;, .c:~iti~j~~~:~~t§~~.~~~~ilib~~~-~·:~ 
<f----:. ~- ·,:· . . 

Peptide of 3 amino acids 

.Single chain of 10 amino acids 

Single chain of 41 amino acids 

Single chain of 44 amino acids 

Single chain of 14 amino acids 

·Dopamine (a catecholamine) · 

Stimulates secretion ofTSH bythyrotropes 

Stimulates secretion of FSH andLH by 
gonadotropes 

Stimulates secretion of ACTH by . 
corticotropes 

Stimulates secretion of growth hormone by 
somatotropes 

Inhibits secretion of growth hormone by 
somatotropes 

lnh.i.bits synthesis and secreti~r)ipft prolactin 
bylact6trooes ')' ;'i',~f#J<j·p· · 

ACTH, adrenocorticotropic hormone; FSH, follicle-stimulating hormone; LH, luteinizing hormone;TSH, thyroid-stimulating hormone. 

For most of the anterior pituitary hormones, it is the releasing hormones 
that are important, but for prolactin, a hypothalamic 
inhibitory hormone probably exerts more controL · 

T 
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FIGURE 39-3 The action of hypothalamic releasing or Inhibiting hormones on anterior pituitary 
cells. Characteristically the neurohormones are released In pulses, bind to plasma membrane 
receptors, and act through calcium ions (Ca ++) and other second messengers. They regulate 
gene expression, posttranslational processes, and secretion of anterior pituitary trapic hor· 
mones. cAMP, Cyclic adenosine monophate; DNA, deoxyribonucleic acid; •mRNA, messenger 
ribonucleic acid. 
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--1 Vasopressin & Oxytocin 
- . . \ 

In most. mammals, the hormones secreted by the pos-
terior pituitary gland are arginine vasopressin (A VP) 
and oxytocin. In hippopotami and most pigs, arginine­
in the vasopressin molecule is replaced by lysine to form 
lysine vasopressin. The posterior pituitaries of some 
species of pigs and marsupials contain a mixture of argi-

. nine and lysine vasopressin. The posterior lobe hor­
. manes are nonapeptides with a disulfide ring at one end. 

\ (Figure 14-1 0) ~ · J 
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Fig. 28.7 1 The trncts {rom the hypothalamus to the pituitary. The 
para ventricular nucleus and the supra-optic nucleus arc thought to be 
responsible for the elaboration of oxytocin and ADH respectively. 
The other tracts terminate in the capillary plexus shown in Figure 
28.'1 and carry the hypothalamic hormones which concrol the release 
of the hormones of the anterior pituitary.. ;·. _. 

-



L 

i!iif:r~:i:·..::-:;:.:·~ .. ~ ·-···· ---·------ ... - .·,_. ···- .. -~- - ..... - -·- r~--- .. -·-·-~: 

\ 

~ 

II> 

E 
D .. 
0 

500 

400 

1-30 
:I: 
1.!) 

w 
3: 

>-
020 
0 
m 

conlrol 

~ . 
> 
; 
'• 
f , . 
• ~ 
' ' 

100 

Growth hormone (GH), also called somc:~totropjc 
hormo11e CSH) or SoJitotot/'opin, is a SJ'I\all protein 
moltcule C'ontai~il\g 19 r amitiO acids havi"q a li'IC1lte~J{ai ~.,;, ht of 22,005. 
ltcat.t~o~ 9rowth of all tinues of.th" body fhat are 
c~pable Clf 9rC.\IIi1'19- rt prorno~s hath lnc.-easld 
!>IZts and numbers ofetlls. 

0~----~.-------.------,.-----~-------r------. 
0 100 200 300 

DAYS 
400 500 600 

Figure 75-4. Comparison of weight gain of a rat injected daily 
with growth hormone with that of a normal rat. 
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• Fig. 48-21 Biological actions of GH. The effects on linear growth, organ size, and lean 
body mass are mediated by somatomedin produced in the liver. 
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EFFECT OF GH IN E~~CING FAT UTILISATION, FOR ENERGY: 

1} INCREASESTHE RELEASE OF FATTY ACIDS FROZ.t THE ADIPOSE Tif'SUE~ 

2} FATTY ACIDS CONCENTRATION INCREaSESIN BODY FLUIDS. 

J) IT ENHANCES THE CONVERSION OF FATTY ACIDS INTO ACETYL- C 0 A., 

WITH THE SUBSEQUENT UTILISATION FOR ENERGY. 

4) IN THIS CASE SPARE THE PROTEIN 

5} UNDER THE EFFECT OF GH THE MOBILISATION OF FAT l;tEQUIRES 

MI~~TF.S TO HOURS, WHERE AS PROTEIN S~~HESIS CAN BEGIN 

IN 1-liNUTES. 

6) UNDER THE EXCESSIVE OF GH GREAT Al-IOUNT OF FAT 1-lOBILISED 1 

THEREFORE A LOT OF ACETOACETIC ACIDS ARE FORMED BY THE 

L!VER AND RELEASED INTO THE BODY FLVIDfo, THUS CAUSING 

(KETOSIS). WHiCH IS CALLED "KETOGENIC EFFECT" OF GH. 
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DIABETOGENIC EFFECT OF GH. 

1) liE HAVE ALREADY :HENTIONED THAT GH INCREASES BLOOD GLUCOSE 

CONCENTRATION. 

2) IN ADDITION GH HAY HAV.E A DIRECT EFFECT ON BETA-CELLS. 

3) IN THESE CASES PAJ'lCREAS OVER STINULATED AND THE ~ELLS 

FINALLY, BURN OUT. 

4) miEN THIS OCCURS THE PERSON DEVELOPS DIABETES NELLITUS. 

5) THEREFORE IS SAID GH HAS DIABETOGENIC EFFECT. 
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Horluones. Growth honnone is not the only anterior ,::Al~::'::·_,>·· c:· ': . 
pituitary honnone that increases the blood glucose ~on-:'?}\~:·':>·>-: · .. -~. 
centration. At least three others can do the same: ad- -:-'{~_>:-. · 
renocorticolropin, thyroiu-stitnulating hormone, and :·;.t).:Ts.H . 
prolactin. Especially ilnportant is adrenocorticotropin, '~~ ~AoL-.cJ:_: .. 
which increases the rate of cortisol secretion by the .. -~T H. 

·adrenal cortex. Cortisol then increases the blood gh.lco·sc · · · c~AJ.·s~ 
conct~nlraLion by increasing the rate of gluconeogenesis. · :_· · :_a . ,·. 
!l'hh; pffL~~J., quanlilat.ivcly,. h; probably equally us diu .. ·. ~u -~ · 
belogenic as the effect of growth honnone. . .. :: .· . 
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Growth hormone is secreted in a pulsatile pattern, 
increasing and decreasing. The precise mechanism~- ·· · 
that control secretion of growth hormone are not fully . 
understood, b¥t ~everal fac~ors related to a person's state 
of n'-!tritioP- or.stress are known to stimulate secretion: . . . . 
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Figure 75-6 Typical variations in growth hormone secretion 
throughout the day, demonstrating the especially powerful effect 
of strenuous exercise and also the high rate of growth hormone 
secretion that occurs during the first few hours of deep sleep. 

Table 75-3 Factors That Stimulate or Inhibit Secretion of Growth 
Hormone 

Stinfulate Growth Hormone 
Secretion _--

Decreased blood glucose 
Decreased blood free fatty acids 
Increased blood amino acids 

(arginine) 
Starvation or fasting, protein 

deficiency 
Trauma, stress, excitement 
Exercise 
Testosterone, estrogen 
Deep sleep (stages II and IV) 
Growth hormone-releasing 

.,._hormone 
'threlin 

. . . . _.:,··,:,, 

-,.,hibit Growth'Hcithieii1~ 1•• · 
- sec~eti o,p''r;'-\,';,+;.~·-;:;!~~\i3.;~r~·r\i~~:_;_:-

Increased blood glucose 
Increased blood free fatty 

acids 
Aging 
Obesity 
Growth hormone inhibitory 

hormone (somatostatin) 
Growth hormone 

(exogenous) 
Somatomedins (insulin-like 

growth factors) _ 

• ghrelin, a hormone secreted by the stomach before 
meals.· 



Hypothalamus 

Figure 71-1 Feedback mechanisms for control of food intake. : 
Stretch receptors in the stomach activate sensory afferent path- · 
ways in the vagus nerve and inhibit food intake. Peptide YY (PYY), 
cholecystokinin (CCI<), and insulin are gastrointestinal hormones 
that are released by the ingestion of food and suppress further feed- • 
ing. Ghrelin is released by the stomach, especially during fasting, ' 
and stimulates appetite. Leptin is a hormone produced in increasing \ 
amounts by fat cells as they increase in size; it inhibits food intake. ; 

_., Ghrelin-a Gastrointestinal HO"r~o~e-lncreases 
Feeding. Ghrelin is a hormone released mainly by the 
oxyntic cells of the stomach but also, to a much less 
extent, by the intestine. Blood levels of ghrelin rise during 
fasting, peak just before eating, and then fall rapidly after 
a meal, suggesting a possible role in stimulating feeding. 
Also, administration of ghrelin increases food intake in 
experimental animals, further supporting the possibility 
that it may be anorexigenic hormone. However, its physi­
ologic role in humans is still uncertain. ___ ..... 
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I fig. 48-19 Lifetime panem of growth honnone (GHl secretion. GH le,·ets are higher in 
children than adults with a peak period during puberty. GH ~ecretion declines with aging. 
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• Fig. 48-20 Regulation of growth hormone (GH) secre­
tion. The hypothalamic peptide (GHRH) stimulates growth 
hormone release, whereas the hypothalamic peptide so­
matostatin inhibits it. Negative feedback is by tht: peripheral 
mediator of HGH action: somatomedin~Negative feedback 
occurs both via somatomedin inhibition of GHRH ·action and 
by somatomedin stimulation of somatostatir. release. HGH in­
hibits its own secretion by short-loop feedback. In addition · 
GHRH inhibits its ow;frelease .via ultra short-loop feedbacL 
In both of these cases the negative feedback is1 probably via 
increasing somatostatin release. _/ 
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lhyh)jdjt"ISUfiiciCJlcy becauseof lack of TSH; ; · : · 
3 .. Atfbp't1'iy· of the~drenal cortex and signs. of hyp·badrenal­

ism without salt ld.ss because of ACTH deficiency. 
4. Cessfttfon of growth, failure to attain an adult stature, a 

decided tendency toward hypoglycemia, hypersensitiv­
ity tOj~sulin(~nd a loss of body nitrogen accompanied 

I ,. ,.<. .. . . . . . . . . . . . . 

~... L ·- ~y diminished fatcatabolism because of Jack of STH~ J 
.·J'. 
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Dopamine 

Prolactin· 

Stimulate 

Inhibit --1'' • II 

TRH 

• Fig. 52-25. Regulation of prolactin secretion. The predom­
inant mode of hypothalamic regulation is tonic inhibition via 
dopamine. Although TRH stimulates prolactin release, its 
physiological role is uncertain, and evidence suggests another. 
hypothalamic peptide may be more physiologically important. 
Prolactin exerts short-loop feedback on its own secretion by 
stimulating production of the hypothalamic inhibitor, dopa· . mme. 
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Figure 10·8 
Tortora/Anagnoatakoa: Principles of Anatomy and Physiology, 5/a 
Copydght (J) 1987 by Harper & Row, Publlahera, Inc. All rights reserved. 
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F"tg. 30-4. Factors that regulate the sccreton oi ADH by the hy­

pothalarnoneurohypophyse:ll system U:l:'iS). -!- = stimulation and 
- = inhibition. 
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Stimulatory Factors 
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Pain 
Nausea 
Hypoglycemia 
Nicotine 
Opiates 
Antincop.lastic drugs .... 
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a-Ad rcncrgic agonlsls 
Atrial nJ.triurctic peptide (AN,P) . . . .• 
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;,H::IlHION AND 

ACTION Of 0XYIOCIN 

OXYTOCIN 
PICKED UP 
BY CAPILLARIES 
OF POSTERIOR 
LOBE 

' I 

AFFERENT IMPULSES FROM 
CrP.VICAL DILATATION OR 
Vf\GINAL STIMUlATION 

OXYTOCIN PICKED UP BY PRIMARY 
PLEXUS Of PORTAL SYSTEM AND CAAAI~O 
BY PORTAL VEINS TO ADENOHYPOI'HY$1S 

OXYTOCIN STIMULATES 
OUTPUT Of PROLACTIN 

.. 
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j·r4B1E ~~:i Organ Systems: Components and Functions 

.. ·· System Components 

Nervous Brain, spinal cord, peripheral nerves, ganglia 

Skeletal Bone, connective tissue 
Cardiovascular Heart, blood vessels, red blood cells 

Respiratory Nose and throat, trachea, bronchi, bronchioles, lungs 

Digestive Mouth, esophagus, stomach, small and large 
intestines, salivary glands, liver gall bladder; 
pancreas 

Urinary Kidneys, ureters, bladder, urethra 

Endocrine Pituitary, adrenals, thyroid, parathyroids, 
gonads, pancreas; many other organs secrete 
hormones in addition to their other functions 

Reproductive Male: testes, associated glands and ducts, penis 
Female: ovaries, fallopian tubes, uterus, vagina, 
clitoris, breasts 

Lymphatic~. Lymph vessels, lymph nodes 

Immune Lymphoid tissues, bone marrow, white blood 
cells, thymus 

L 

Functions 

r-' 
--~ ' . 

. ' "'"'------ -

Controls activities of other svstems; receives 
information from the environment; stores memories; 
initiates and controls behavior 
Support; mineral storage; production of blood cells 
Transports nutrients, gases, metabolic end products, 
and hbrmones between organ systems 
Takes up oxygen and releases c8rbon dioxide to 
atmosphere; produces sounds; partly responsible for 
regulating blood acidity 
Digestion, food storage, absorption of nutrients; 
protects against infection 

Homeostasis of extracellular fluid voluiile and 
composition; excretion of waste products 
Regulation of reproduction, growth, metabolism, 
energy balance, extracellular fluid composition 

Reproduction, sexual gratification 

Fluid balance; transport of digested fat; cells of the 
immune system are also located within it · 

Resists infection, parasitization, and cancer 
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'.>;'. E·X H. I B·IT; ·18.1· .~!COMPARISON OF NERVOUS .. 
~ • • 'I ., • ' • • "'" ' '( j ' • 

:~··:;·i :<';:~·\/: Jt:i~~~·;·{ · :· . . . ·SYSTEM AND ENDOCRINE 
::r'i 1 • ·j .·, -; • •• , SYSTEM REGULATION OF 

j ' • • I • , 1 I •. 

HOMEOSTASIS 

' ; · · ,.,., ... k: Nervous Endocrine 
System ..... Characterlstlc · System 

~: .'~ J .·t.!:':·l,,,;~ .... . . . 
r . ' . 

.- ·· . Cells affected 
.'h/ ']''J-:1(1, q';'l·;·~~)ji.i . 'i 

· .. ·_ ... ~· _·.,: · .. ~;~~:.r·~· .' 
:;t'lir :·! t; .!,ti:Jt~,~.'W·'· 
~-~('_·. _fl"• 'f ... · ~ ..;.., . 

. ·' ·: Type of action 
'·1 .. ~ that results: · : · 

Neurotransmitters Hormones deliv-
rcleascd in re- ered to tissues 
sponse.to nerve throughout the 
impulses. body by the blood . 

Muscle cells, Virtually all body 
gland cells, other cells. 
neurons. 

Muscular contrac~ · Chan.ges in meta­
tion or glandular bolic activities. 
secretion. 

: Typically within 
milliseconds. 

,·Generally briefer. 
. ' 

Seconds to hours 
or days. 

Generally longer .. · 
• ••• •. t 

• . ; 
:~, ~ ~ .. 
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s, such'as (a)·•the thyroid gland,' release·,::;,·;:; r.· · 
hC11rmoC11~!:: into body fluids. Exocrine glands. such as(b) sweat 
glands, rclca~e lhcir sccrelionn inlo duels !hal load lo body 
surfaces. 

(a) 

Hormone 
moiecuie 

(b) 

:I -_ 

·arood flow 

Duct 

Sweat gland 

' .·.·:, 
·.· . . . 

' ... 
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This section focuses on the classic 
endocrine glands and their hormones. 

A hormone is chemical substance that 
is released into the blood in small amounts 
and that, after delivery by the circulation, 
elicits a ·typical physiologic response in 
other cells. 

An endocrine gland is a group of 
cells that produce and secrete a hormone. 

Endocrine · glands are also · called 
ductless glands to distinguish them from 
exocrine glands, which deliver their 
products through ducts to the outside of the 

. body or the lumen of the gastrointestinal 
tract. 



Rg. 1.3 Mode of delivBj · · 
of hormones to-their 
_larger cells: . .~ .. :~·•r"····· ···mes Of·.lifoR~f!!Mmllf·,;: .. , 

1. AllfOCrfne ~ellftry 2. Paraalne cl.a-y 

4. Neuroendocrine delivery 

blood stream 

' ·j ••• ,~ 
synapse -, ·:r. \ 

• • ••• 

~
. 

(fJ ., .. 

;,,,····: 
5. Pheromanal delivery 

- ... .~,- ~ 

, 

r., .,. 

.Autocrine delivory-<hcmiccl message released Phoromonal dollvory-vclallla hormones ltJ#~IRed 
eels on the cells I hot synthesized it, e.g. the · as pheromones) released Into the enVironme?,it ad 01 

cytokine proslcglcndiri E2 stimulates the olfaclcny cells in another indlviduallpheromoiies, 
myometrial cells thor produced il allh~ugh only found in olher-species, may be. 

importanr in controlling human sexual behaviour). 
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T A B L E 35-1. TYPES OF HOIU.iONE ACTION 

Honnone synthesized in one location and released into plasma; binds to specific receptor in cells 
at a distant site to elicit characteristic response. 

Example: The action of th}Toid-stimuLlting hormone from the anterior pituiuxy gland on the 
th}TOid. 

HO!lllone synthesized in nen.·e ending and released into extracellular space; interacts \\ith 
to:eptors of cells at disl:lnt site. , 

£{ample: The action of norepinephrine synthesized in splanchnic nerve ending on the heart. . . 
Honnone synthesized in neurons and releas.:.-d it;:<; extracellular space; binds to receptor in 

ocarby oeU and affects its function. · 
E:cample: The action on cardiac muscle cells of norepinephrine synlhesizcd in ncn·e endings in . 

the heart. ' 

Hormone synthesized in neurons and relc:zed from nerve endings; crosses S}113pse and binds to 
specific receptor in another neuron, affecting its action. 

£t11171ple: Release of acetylcholine from preganglionic nerve fibers in sympathetic ganglia and 
binding to receptor in postganglionic neuron '>'ith liberation of norepinephrine. 

HOI!Qone synthesized in endocrine cells and released into interstitial space; binds to specific ·· 
r=eptor of nearby cell and illl'ects us func:uon. 

£'Cil1llple: Release of somatostatin from islet delu cells and its subsequent-act.ion.on nearby , -
alpha and beta cells in the same pancreatic isleL 

HonDone synthesized in endocrine cells and sometimes released into interstitial space: binds to :. 
specific receptor ori the cell of origin. thereby autoregulating its function. : 

£'C/llllple: The action of somatostatin on its own secretion. • 

Honnone S}11thesized in endocrine cells and released into lumen of gut: binds to ceils lining th( 
gut at \'ltl1ing distances from the endocrine cells, thereby affecting their function. % 

£tll17lp/e: The release of gastrin by mucosal cdls and its action on gastric acid secretion by the :); 
stomach. ~ 

4 ,.~=:1: 

(Modi5cd rrora Wil!i3ms. R.H~ Ed.: Textbook or Endocrinology. 6th cd.. Pbibdelphia, W.B. Saundcn Co~ 1981. p. 99S.) ··:] 

?~~~.: ·i-2 ~~~:~ 
-~ ....... .. 

-'?t"'." 

H 

~~- . 
·~{. 
;' • .1 

~'.-

., 



r~---------:---·---- -- -- --
--/ /-- . 

_/,> i' 

:JGURE 15-1 Types of Intercellular Communication by 
:hemical Messengers (a) Patacrin<: secretion. (b) Neuroiraiisiniirer 
ecretion.' (c) Hormone secretion. (d) Neurohormone secretion. · 

Secreting cell 

~ 

Secreting cell 
(endocrine cell) 

( 

Target cell 

• • • 
(a) Par1"rine ~ere lion 

(c) Hor171oi1C SfCrclioJI. 

..... -.. . ---------- . 

) 

Secreting cell 
(neuron) 

--' 

Target cell 

(b) N•urotri1111S1711tler 

(d) Ntllro~oriPo"t \tcn\itP\. 

---~---------··---------- .. -------~--
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Autocrine signal Paracrine signal 

Endocrine signal 

Endocrine -t•:.:.,::,,;,:.:i'Y 

cell 

Neurotransmitter signal 
Neuron 

Electrical signal 
)II 

'···- ... •• • • 

Target 
cell 

Target cell 

Figure 4-5. Extracellular messengers interact with receptors 
on the target cell. The distance between the cell secreting the 
messenger and the target cell containing the receptor is the 

' basis for classifying the action as an autocrine, a paracrine, a 
· neurotransmitter, or an endocrine event. ./ 
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·Pheromones 
. . 

Substances produced an animal. that act at a distance 
to produce hormol'l~U- ....... h or other physiologic · 
changes in ·.. . _ same sp(!cies·.h~ve 
been called ' . attractants ofcett~~Il 
msects are p -· . _ ~xamples.TheOCld'r-
anr pheromones . -.vomeronasal df[art 
play a prominent role_· and dominance-be-
havior of rod~hi:'s:· .. - ' including. hurria.ns, 
pheromones al~ri.. .For example; wo'rrien 
who are ·good . · .· · · · · · tend to synch_:ro-
nize their armpit odor of worhen 
has been.· •· · modifyingjitl}e#{~n- · 

. strual cycle; · ·. wiped Jif!,:bn:iSi'or 

f!i~r ::n.··.. s overpa~iffiJh)\lin- j 
:- -·:~ .. .' ... "!' 

. · . . :i: ·_ . 

. . - -~ ~' .: 

. ' 
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---~-· The· following points add to the complexity of the endo-

I 

l crine system: 
[l 
" lt • A single endocrine glan~ may lJroduce multiple hormones. 

The anterior pituitary, for example, secr~tes six- different 
hormones; each is under different control mechanisms and 
has ·different . functions,· some being tropic and others 
having nontropic effects. 

f i ~ r . 

:\ 
:1 
l 
l 

l 

t 
. e 

' 

.. 

" 
T 



- ------------------ •••- _ ....... ---~-------~A----

• A single hormone· may be secreted .by more than one 
endocrine gland. For exalnple, the ·hypothalamus and 
pancreas both secrete the hormone somatostatin. 
~ . 
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'--- . . . : • Frequently, a single hormone has more than one type of 

\:
. 

target cell and therefore can induce more than one type of . . 

effect. As an example, vasopressin promotes H20_ reab- , . · 
sorption by the kidney tubules as well as vasoco.nstriction 
of arterioles throughout the body.· · · . . - · 

' . ·-
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• A single target c.:cll n1ay be infllucnccd by n1orc than 011e 

horn1nnc. Son1c cells contain an (;lrray of rcc~ptors for 
responding in different ways to' different horn1~nes. To 
illustrate, insulin pron1otcs t9c conversion oJ gl~~psc into 
glyc..:ogcn Within liver. cells by Slin1ulatit1g · Of,lc_i)articular 

. . - . . ; 

hcpatk: cnzyn1c, \Vhcrcas~ ano~hcr horn1onc, glucagon, 
enhances the degradation of glyc'-1gcn into gl~lcosc within 
liver cells by ac..:Livaling yet another hepatic cnzyrnc. - . 
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! 

\ .-.. ·_·. • -The san1c chcn1ical tncsseng~~ ~1ay be ciq~~~·n··~9;~wo~ne or 
a neurotransmitter, depending on its SOU,f~e- .~tld mode of 

,.>.. delivery to the target celt" ~~f~~in~p~ti~~~--~-:W:-~~!e,ted 
1 ....... · as a horn1onc by. ·the a4r(!q~l1ll~~~\\~ ~\"\~:' ~~~~e~ ~ a 

. . . n.curotransn1iucr .fron1 sympath,ctic posl~"$\\~~ic nerve 
· >. ·. ribcrs, is a prime cxan1ple. · · ~ · · ·· 

~- . -
........ -"'1~~-L,,,,,,,fi ·-~·-·W.· :.l.,. ..f!-~;. ~ ...... ;.; ,, .: I -~. ,., 
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~on1c organs. arc exclus~ve~y ~l,l~O~fi~~ . i(\ J\\~\\~~. (~h~y 
spccia.lizc in h~r~onal ~cr~~~~H ~l9~~· -~~e'~-~9,r .. P.\t~i;J. 
tary and thyro1d glands· ~e~~g· ~~mPl~>.~-~~~$-·9~h,~r:· 
organs. of the endocrine .. syst~m P:erfHrm~~ \l99r~~~9.~tin~ 
functions in adqition to secre~ln& :h~~9~~~:·~9~~/~~\1J:Ple, . 
the testes produce spcnn an~ also secr~t~ \~~-male· sex · 
hon11onc testosterone. Other cxan1plcs of rni~~~--q~~ns are 
the ovaries. digestive tracl, pancrcus;kidncys, "~d even the 
brain. ln each case c~ccpt the brain, n1ixcdJun~Uon occurs 
bccausc.thc organ houses noncndo'crinc tissue plus isolated 

. ~ . . . . .. . . . 

clusters of endocrine cells that migrated to ·the organ 
during embryoniC development. The cndocrine .. function of 
the brain derives from the presence·· of · ne~rosecretory 
neurons. There are no, endocrine cells as such in the brain. 

'-- . 
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Body function 

metabolism 

rcproduclion 

digestion 

blood circulolion 

lranspor1 of 
substrates lo 
!Issues !blood 
composllionl 

defence againsl 
pol hog em. 

growth 

stress response 

behaviour 
~ 

Effects of honnonos 

regulate metabolic procossos, l.o. tho role of 
synthesis and dogradallon of carbohydralos. 
proteins. and lipids 

control reproduclive processes, Including the 
development of the sex organs. secondary 
sexual charactcrisllcs, gamotogenosl5. ancf 
the menstrual cycle 

control digeslivo processes, Including gut 
mohlity and lha sccrclion of dlgosllvc 
enzymes, bile. gaslrlc acid, and bicarbonate 

regulate blood pressure by altering cardiac 
oulput, vascular conslrlclion, and blood 
volume via lho control of walor oxcrollon by 
'tho kidneys 

regulate blood plasma concentrations of 
glucose, minerals le.g. sodium, potassium. 
calcium), gases (oxygen, carbon dlaxldol. 
blood coils, walor. and hydregon Ions 
lpH regulollonl 

regulate Immune system responses. Including 
loucocyle oclivalion. lnflammollon. anlibady 
production, and lovor 

conlrol cell division and dlfforcnllollon 

regulate lhe body's response to stress 

control sexual and social behaviour 

Fig. 1.2 Physiological effects of hormones on body 



A 

A 

Target 
L---..( endocrine 

cell 

A 

Target 
..__, endocrine 

cell 

Anterior 
pituitary 

Target 
endocrine 

L~ 

8 c 
FIGURE 30.2 Negative, positive, and 
complex feedback mechanisms in the 
endocrine system. A, Negative feedback 
loop. B, Positive feedback loop. C, A complex, 
multilevel feedback loop: the hypothalamic­
pituitary-target gland axis. Black lines indicate 
stimulatory effects; blue lines indicate inhibitory, 
negative-feedback effects. EH, endocrine cell 
hormone; RH, releasing hormone; TH, trophic 
hormone. 
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Fig. 5.1.12 Direct negative feedback. A. General ·principle. 
B. Example of direct negative feedback using PTH and its effect 

·, on plusma calcium. 
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Resulation of Hormone Secyetion. 
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Feedback control 

Hormone-hormone 
Substmtc-hormonc 
M incral· hormone 
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· i\'eural control . 
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Dopaminergic · 

• • Scrotomnerg1c 
Endorphinc~gic-. 

cnkcphahncrg&c 
··pain · emotion,se~ual ~xcite·m~n~, 
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modulate hormone s-ecretion throu 9'11 
her.cr•l 117fchlhisrns. 
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FIGURE 31 4 Negative feedback loops regulating hormone< 
secretion In a typical hypothalamus·pftultary·peripheral 
glandz.axis. X, Peripheral gland hormone; XTH, pituitary 
tropic lip!mone; XRH, hypothalamic releasing hormone; XIH, 
hypothal~> ~nic inhibiting hormone. ·· · · . 
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~--)t-· Hypothalamus 

Oxyluci11 
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,. release 
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··]i'J<;liUE 16.12 
A neural-hormonal positive feedback !cop. The sucking of an infant 

•· stimulates receptors in the nipple of the mammary gland. Neural 
signals travel to the hypothall\mus, where they stimulate, the release of 
oxytocin from the neurohypophysis. Oxytocin lnwc\s in tho b\ood \o 

.. -the mammary gland and stimulates the release of milk. 
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' ' FIGURE 16-22 Positive Hormonal ·. ! 
Feedback during Partur_IH9Jl._ 
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Amines 

A 
Polypeptides 

(Oxytocin) 

8 

Steroids 

0 
(Cortisol) 

c 

Thyroid Hormones 

I I N~ 

HO --o-0--o- CH2 - bH- COOH 

I 

(3,5,3' -triiodothyronine, T 3) 

Proteins 

55 
(Growth hormone) 

OH 
(Vitamin D3) 

FIGURE 30.3 Examples of different hormone chemical structures. A, Amine hormones. B, Peptide hormones. 
C, Steroid hormones. (Modified from Griffin JE, Ojeda SR. Textbook of Endocrine Physiology. 4th Ed. Oxford: Oxford 
University Press, 2000: Fig. 1.1.) 



Eicosanoids 

Animals fed a fat-free diet fail to grow, develop 

skin & kidney lesions & become infertile. Adding 

linolenic, linoleic & arachidonic acids to the diet 

cures all the deficiency symptoms. These three acids 

are polyunsaturated fatty acids & because of their 

action are called essential fatty acids. 

One of the reasons & possibly the only reason, 

that essential fatty acids are necessary for health is 

that they are the precursors of prostaglandins, 

prostacyclin, thromboxanes, lipoxins, leukotrienes & 

related compounds. These substances are called 

eicosan oids. 

The leukotrienes, thromboxanes, lipoxins & 

· prostaglandins have . been called local hormones. 

' ' 

They undoubtedly act mainly in the tissues at sites in 

which they are produced. 
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TABLE 3 Chemical Nature of the ClassicHormones .. 

Tyrosine 
Deri\'atives 

--. - i>~p~Je'l;~:~~~-
-(<2o a'mino'acids) -

Proteins 

_l_ . 

Epinephrine 
Norc:pincphrinc: 

· Dopamine 
Triiodoth)TOninc: 
Th)Toxine 

·~·~it..:.':-: ~-;_ 

··-:-.:..- : .... ·.· ... ·- . 
.. -·. 

'--c.'/ "-

Steroids 

T estostc:rone 
Estradiol 
Progestc:rone . 
Cortisol 

· Aldosterone 
Vitamin D 

0:>.)10cin ;~ 
· V asoprc:ssin · 
Angiotensin . . 
Mc:hnocyte-stimubting homtonc: 
SomJtosi.atin 

-Th)TOtropin-rdeJ.Sing honnonr.: 
Gonadotropin-rdeJ.Sing homtone 

.• ·c . •-
. .•, .. ·_.! -~-- -

,- -=·-· 
;_.:;., . 

•. ;;~:S:~= :--:-. .. :: -~.:~·~ .-:.:.:-_,-·.:::::;-:: ~·. ::: 

(>20 amino acids) 

Insulin 
Glucagon 
Adrc:nocorticotropic hof!nonc: . 
Thrroid-stimulating homtone 
Follicle-stimulating hormone' 
Luteinizing hom10ne · · 
Growth honnone · · · ·' · . 
Prolac-tin 
Corticoti'opin-releasing _ho!Jno~e- _ ._. 
Grow.th _horrnone-rd~;sing h.i:)l:mone 
Pal-a~yroid honnoij~:;;: .:.; ~~ :.·· _' · 
c~dtoni.n . . . ..: ·····= !- ,, . ' . . .. 

____ . . Chorionic gonadotropin 
-- ·- --· - -- . .,_.:,;- ·- · -------- --- ···· .. --- · • · ChoriosoniJtonummoti-opirc _- ~- . 
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Result 
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)Fig. 11.1 Speci~c. aCtion of one hormone dependS o~ the · 
' :· 'permissive' presence of another. " \ 
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One type of interaction is 
referred to as a·jJermissive effect. In this interaction) 

"%- the effect of one hormone on a target cell requires a 
previous or simultaneous exposure to anothei: hor­
mone(s.). Such previous exposure enhances the response 
of a target cell or increases the activity of another hormone. 

):. Ari exam12k_of a permissive effect, as noted earlier, is the 
·exposure o(the uterus first to estrogens and then to pro­
gesterone in order to prepare the organ for implantation. 
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Another type of hormonal interaction is known as a 

synergistic effect. In this situation, the effects of two or 
more hormones complement' each other in such a way· 
that the target cell r~sponds effectively to the sum of the 
hormones involved~For ~~JJ}Q.~, the production and se­
cretion of milk by the mamma1y glands requires, among 
others, the synergistic effects of estrogens, progesterone,· 
prolactin (PRL), and oxytocin (OT). · 
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i' 
... "&, Cells can regulate their receptor number and/ or fun c.~: i .... ~ .. :''' .... :, .. :+}~~·:. : . :·-.~; 

tion in several ways. Exposing cells to an excess of hormone·.· 
for a sustained period of time typically results in a decreased;: 
number of receptors for that hormone per cell. This phe:~:·· 

nomenon is referred to as down-regulation. In the case:::9.~~ r;;J;Ji··'\'~!W$'if: 
peptide hormones, which have receptors on cell surfaces:,:j . v.,;;.;,;::,;;:--

a redistribution of receptors from the cell surface ~o ·intra,..·· l<t'i'F<·,;;:;>;:~ 

cellular sites usually occurs as part of the process of dowrr4:;: · ~~{iftt~f:\~~; 
regulation. Therefore, there may be fewer total receptors per~· 
cell, and a s1naller percenta,ge 1nay be available for hormone~·· . ''>~;,i';s;:.>.(~A; 

" binding on the cell surfac~. 

-- "'l' 
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.. --·--· _. . _ -,~p~~g~lation may .occur--1/V'.UClJ 
certain conditions or treatments cause an increase in ro~a.ri 
tor number compared with normal. Changes in rates. 
receptor synthesis may also contribute to long-term dvvvJ::u:;ci 

regulation or upregulation. 



#!!J. 

·--~ I~ -~dditio·n-'to- chang1ng. receptor numbei=, rnany--t~g~~~ · 
cells can regulate receptor function. Chronic exposure of cells?";.~~ 
to a hormone may cause the cells to become less responsive·;}; 
to subsequent exposure to the hormone by a process terme~'~-~i 

,. ,:,;• 

desensitization. If the exposure of cells to a hormone has· a:·-:· 
desensitizing effect on further action by that same hormone;. : 
the effect is termed homologous desensitization. If th~·,:; 
exposure of cells to one hormone has a desensitizing effect/ 
with regard to the action of a different hormone, the effectiS:··: 
termed heterologous .desensitization. 

··'" 
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~-.. .\ In addition, some horn'1ones are known to have differ-
.,: 

ent effects in several different target tissues. For example, 
testosterone, the n1ale sex steroid, pron1otes normal spetin 
formation in the testes, stimulates growth of the accessory 
sex glands, such as the prostate and se1ninal vesicles, and 
promotes the development of several secondary sex charac- . 

· teristics, such as beard growth and deepening of the voice. 
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. ·, ... 
.. -.. ,~,~ 1\!Jultiplicity of regulation is also cotntnon in the endo-

crine system. The input of infonnation from several sources 
allows a highly integrated response to many stimuli, which_ is 
of ultimate benefit to the whole animal. For example, several.· 
different hormones, including insulin, glucagon, epineph­
rine, thyroid hormones, and adrenal glucocorticoids, may 
regulate liver glycogen 1netabolism. 

l T 



Most hormones have multiple actions in their targettissues 
and are, therefore, said to 1.ave pleiotropic effects. This phe­
nomenon occurs· when a single hormone regulates several . 
functions in a target tissue:' For example, in skeletal mus- · 
cle) insulin stimulates glucose. uptake, stimulates glycolysis, 
stimulates glycogenesis~ · inhibits glycogenolysis, stimulates 

a1nino acid uptake, stimulates protein synthesis, and inhibits 
protein degradation . 
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Estrogen 
GroWth hormone (IGF-1) . . 
Cortisol 
Prpi.{ICtin 
Rehlkin? 

oy?t~) f}rowth 
'Estrt''eh .......... Qg .. 
CirdWt:h hormone 
¢~hl$~l 

· .. Rel~ixln · 

; ----- . 
. . '•'. 

- -..... __ ·_--
... . -,_-.·_' .--

:-:-·· . 
' ' · . 

. • ---,! '··'';. 

·.·--, ,:·, 

La<:tqgei:'Ji~ hormones (promote initi~tion of rnif~ pro~ .. 
d!,Jdi<:>n by alveolar cells) · · 

· Prol~<:tln . ·. · 
- "7Rcs;'(oYhf>L) · . , . · · · · , 

··Cortisol • .. ··. · . · \' . 

i.~1~t~~(~~tt~~t}~l' " ' ' . ·. 1. -. ' ··. '· .. 
. c···wthhdrrif '7 · ·.· . 

~~:~;lt~:~~::::~n(~~:1r~t~Qri•Q~· 
. rriyo~pJthelial cells, and thus milk ~f$~~i9r) · · · ·.·.·· ; 

.::·,y;<<, :~':-·.: '·_ .. ---. , 
. '• ... :. 

Cortis9J~fld <:>~hefmet~bolic hotrn9rt~ :(permi§siv¢) .• ·._· ... · · · 
' ;., . - :.•:.•, -- . ~-- i .- - ._ --·: .- ., . _-. ,'. :· .. '. . ' -_ ·- . '. _; :< .. :--.-= ' .-:·- :_' -_ · .. -;.' :- ·:':·:,: ·-···.:;:·.<:;~-\;~:t:\_".:·-~-~.:--:~:::."-~~- ;:.<-:>.; ':•> .::~.-- :'> .. 

· hCS; hum<in chorionic sornatorrl~tnrnc;>t~()pi~; hPL, hunJpn pl~· .. 
. cental lactogen; !_CF·I, insufin.Jike gro~vth futtor type i; O'r, oxy- · · · 

todn . 
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A final example of a hormonal interaction is an an~ · 
tagonistic effect. r-Iere, the effect of,one hormone on . 
a target cell is opposed by andther hormone~Ar: exampk 
is calcitonin (CT), which lowers blood ~alciuin level, and~ 
parathyroid hormo11e (PTH), which rai~es blood cakitJm 

···~ 

·\.: ·:,. 
· .. -

L
l:vel (see Figu:e 18-14! . .A.noth~r ant~g-onistic situa~ion \ 

l~v J_v ~· ~) Nt.-(~11 w~cA .( b w t/i..S b.l &~ u d .;.-.. 

~r;-4All.vd_1 ~-cl ~Cfl..~ 1 ~-')" 
TL~S VJ-:J- ·. 
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_ · · changing the 
2ffinity of the receptors for the hormone. The greater . 
the number of receptors for a hormone, the greater 
th~. maximal response. The higher the affinity of the: 
receptor for the hormone, the greater the likelihood 

· of ~ response. . ; . 
·e, change in the number or in the affinity of 

receptors is called down-regulation or up-regulation. 
Down~regulation means that the numb~r of recelf' 
tors or the affinity of the receptors for the hormone 
has decreased. Up-regulation means that the nur:p­
ber or the affinity of the receptors has increased. 
'Hormones may down-regulate or up-regulate their 
own receptors in target tissues and even may regu-. 
late receptors for related hormones . 

. . 
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Figure 74-4 Mechanism of activation of a G protein-coupled receptor. When the hormone activates the receptor, the inactive a, ~. andy 
G protein complex associates with the receptor and is activated, with an exchange of guanosine triphosphate (GTP) for guanosine diphos­
phate (GOP). This causes the a subunit (to which the GTP is bound) to dissociate from the ~andy subunits of the G protein and to interact 
with membrane-bound target proteins (enzymes) that initiate intracellular signals. 
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Cytoplasm 

Hormone 
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Active 
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dependent 
protein 
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f 
Cell's response 

ATP 
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Figure 74-7 Cyclic adenosine monophosphate (cAMP) mecha­
nism by which many hormones exert their control of cell function. 
ADP, adenosine diphosphate; ATP, _adenosine triphosphate. 
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Table 7 4-2 Hormones That Use the Adenylyl Cyclase-cAMP 
Second Messenger System 

Adrenocorticotropic hormone (ACTH) 
Angiotensin II (epithelial cells) 
Calcitonin 
Catecholamines (~receptors) 
CorticQtropio-releasing hormone (CRH) 
FollJc~e;,stimul9ting hormone (FSH) 
Glucagon 
Hum9nt;:horionic gonadotropin (HCG) 
Lu~eir)'izing hotmone (LH) 
Par?Jthyrokl hormone (PTH) 
Secretin 
Sornatost9tii1· 
Thytoid.,.stimulating hormone (TSH) 
Vasopressin (V£receptor, epithelial cells) 
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FJGUKt: D-5, Steps InvOlved lu lhe ndcnylyJ cyciiUie (cAMI") mcchnnlam qf ncllun. ClrciL'flnumbcrs corrt:apund lo .steps dhu;:nuc-d 
In lhc t~L AMP, adenosine monuphosphatc; A'rJ1, odcnualnc lrlphoaphatc; GDI', guanosine dl~hO.tJ>h~tc; CiTP. yuo.no:.lno lrlpllOaJJhatc. 

ly-.leS the conversion of ATP to cAMP, which serves 
as the second messenger (Step 4). Although not 
shown. Intrinsic GTPase activity converts GTP back 
h1 GOP, and lhc u. subunit rclurns to its inacllvc 
Stale. 

3. cAMP, via a series of steps Involving activa­
tion of protein kinase A, phosphorylates intracellu­
lar proteins (Steps 5 anc/ G). These phosphorylated 
proteins then execute the final physiologic actions 
(Step 7). 

4. Intracellular cAMP is degraded to an inac­
·tive metabolite, 5' AMP, by the enzyme phosphodi4 

cslc:rase, thereby turning off the action of the sec­
ond messenger. 

Phospholipase C Mechanism 
Hormones that utilize the phospholipase C (JP,/ 

caz.o) mechanism also arc listed in Table 9-3. The 
mechanism Involves binding or hormone lo a rccep­
wr, coupling vi~ n G. or a. prolcin, anrl acllvi1lion or 
lnhlbilion or phospholipase c. lntrnccllular levels 
ol IP:. and Ca2 + ·are either increased or decreased. 
producing the final physiologic actions. The steps In 
the phospholipase C (IPJCal+) mechanlsm &~rc 

shown in Figure 9-6. A hormone that utilizes a a .. 
protein Is shown. · 

The receptor-G.-phospholipase C complex is im· 
bedded in the cell membrane. With no hormone 
bound to the receptor, the a, subunit binds GDP. In 
this configuration, Lhe G, protein Is Inactive. When 
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Figure 74-8 The cell membrane phospholipid second messenger 
system by which some hormones exert their control of cell func­
tion. DAG, diacylglycerol; IP
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FIGU~E 9-6. Slcpa Involved In lhc phoaphollp<l!IC C QP.JCaH) mcd1nnlsrn of nclfon. Cln:led numbers correspond to steps discussed 
In the lext. ER, cndoplusmlc rcllculum; GOP, guanosine dlphosphc:r.lc; GTJ', guanosine trlphos(>hate; Jll',, Inositol 1,-I,S-lrlphosphatc; PW2. 
plaosphatldyllnosltol -4,5-dlphosphalc; 5H, sarcoplasmic rcllctdum. 

the hormone binds to the r~ccptor, Ga Is acllvutccl, 
which actlvatca phosphollpusc C, In the lollowlnJI 
Jteps. 

1. Hormone binds to ·its receptor In the cell 
membrane, producJng a conlormational change Jn 
the a. subunit (Step 1). GOP ls released !rom the 
a, subunit, is replaced by GTP, and the a, subunit 
detaches from the G, protein (Step '2). 

2. The a:.-GTP complex migrates within the 
cell membrane and binds to and activates phospho­
lipase C (Step .1). Activated pl10spholiposc C cola· 
lyzcN lh(~ Jiln~;dlnn of dlt•cyll(lyt:(:rol illld II':~ from 
phosplmtidyJJnosllol 'l,!i-dlphosphatc (PIP.,), a rucm­
hnmc phospholiJ)Id . (S/(!JI 4). The IP!I uc•u~nlcd 
causes the release of Ca2 + from intracellular stores 
In the endoplasmic or sarcoplasmic reticulum, re­
sulting In an Increase In lnlrtJCCII ular Co1J' COIICt!lltra­
tion (Su~p .. '!J. 

3. Together, Ca:~+ and diacylglycerol activate 
protein kinase C (5~ep 6), which phosphorylalcs 
proteins and produces the final physiologic actions 
(Step 7). 

Steroid and Thyroid Hormone Mcd•onism 
Steroid hormones iilld thyroid hormones howe 

the same mechanism of ~ction. In contrast to the 
adcnylyl cycl~se and phospholipase C mechanisms, 
which Involve cell membrane receptors and the gen­
cratjon of intracellular second messengers, the ste-­
roid hormone mechanism invoJves nuclear re­
ceptors, DNA transcrjption, and synthesis of new 
proteins. In further contrast to peptide hormones, 
which act quickly on their target cells (within min· 
utes), steroid hormones act slowly (taking hours). 

Tile .r;/efJ.'i in the steroid hormone mechanism 
;m~ :-;laown in l:igurc !)....7 illld dc:;crihcd tiS fnllnws. 

I. The slcruld hormone dill uses across the cell 
membrane into the cytoplasm (not shown) and then 
across lhc nuclear membrane (.Step /). In the nu­
cleus, the hurnumc binds to oa nuclear receptor at ;'1. 

site ncar the C terminus of a receptor pr.oleln. Once 
the hormone is bound, a conformational change oc­
curs. acttvaling the receptor. Tile conformationul 
change Includes moving blocking proteins out of the 
way and exposing the DNA,bindlng domain of the 

. I 



Table 74-3 Hormones That Use the Phospholipase C Second 
Messenger System 

Angiotensin II (vascular smooth muscle) 

Catecholamines (a receptors) 

Gonadotropin-releasing hormone (GnRH) 

Growth hormone-releasing hormone (GHRH) 

Oxytocin 

·. Thyrotropin releasing hormone (TRH) 

Vasopressin (V1 receptor, vascular smooth muscle) 



'W Lipophilic hormone 

Figure 74-6 Mechanisms of inter­
action of lipophilic hormones, such 
as steroids. with intracellular recep­
tors in target cells. After the hor­
mone binds to the receptor in the 
cytoplasm or in the nucleus, the 
hormone-receptor complex binds 
to the hormone response element 
(promoter) on the DNA This either 
activates or inhibits gene transcrip­
tion, formation of messenger RNA 
(mRNA). and protein synthesis. 
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or action. Cln:led numbcr11 corre­
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receptor. The exposed DNA~blnc.llny domain now 
binds DNA, beglnnlnM the transcription process to 
generate new mRNA (Step 2). 

2. The mechanism contJnucs In the cytoplasm, 
where: mRNA Is translated (Step :J) and new pro­
teJna are aynthalzcd (Step 4). The nature of the new 
proteins Is specUic·to the hormone and accounts lor 
lhe specJiiclty ol the hormonc"s physiologic acllons 
(Siep 5). For example, 1,25-c:llhydroxycholccalcllerol 
Induces the synthesis of a CaZ+-blndlng prolcln. 
which aids In U\e absorption ol Ca•• lrom the gastro­
Intestinal tract; aldosterone Induces the synthesis ol 
'Ia • channels In renal principal cells, which aids In 
. he reabsorption ol Na• In the kidney; and thyroid 
tormones Induce the synthesis of Na+-K+ ATPasc, 
Yhlch increases Oz consumption and mctal_mllc mlc. 
~nch hurrnnnc huluc:c.,. lhc syulltctils tJ( dltlr.mul 
JrCJlclns and hots vc:ry cJilfcrcnl physlotoulc actlous, 
lcpcndlng on the nature of that protein. 

, ____ _ ---------

l® 
Physiologic acrions 

Is lmporlilnt to vlsuulizc the iJnatomlc rclntlonshlps 
between the hypothulantu.s and the pitultnry, since 
these relationships underlie the Junctlonnl connec­
llons between the glands. 

The pltultury gland, which D.lso Is culled the 
hypophysis, consists of a. posterior lobe nnd an ante­
rior Job e. The posterfot" lobe (or po:~terlor pituitary) 
Is also called the ncurohypophy.sls. The AJ1.lcrlor 
lobe (or anterior pituitary) Is also called the u.dcno­
hypophysl.s. The hypothalamus Is connected to the 
pituitary gland by a thin stalk called the Infundibu­
lum. Functlonolly, the hypothalamus controls the 
pituitary gland by both neural and hormonal mecha­
nisms (Flgure 9-ll) . 
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VIECHANISMS OF HORMONE ACTION AND 
;ECOND MESSENGERS . 

: Jlormwu: uc:llou:;. oula'l(l~l ~~~~11,. lu:J.(Iu wht•ll llw 
IIJrlflfJIIC! hJIIdM lu II IJII'IIIhTi'IIIC~ n:c:l:plt·Jr, ftlrlllhiJ{ II 

'''rmtnn~n~r:c~J•Ior c:u111ph~x. In IWUIY honw11111l sy~:-' 
1:1ns, llu: hunnuuc:-rt·c·•=J•Ior t'OIIIph•x 1:: t'uuph-d lo 
:Hcclor )JtfJICIII:i by J.(WIIIfiSillc lripllosJJIHII~~ C•iTI'J­
>Iru.Jing J>rolcins (G proteins). The cffcclur proteins 
Jsually arc enzymes, either aclcuylyl cycl.:asc .or 
Jhmopholipase c. When lhe crrcctor proteins ilrC 

tCIIVoll(:d, 11 sc:cund mcHscnucr, r.llht:r c:AMP ur 11':. 
'Jhosllr•l l,o1,fJ-triphuHJJhl•lc),IH pruducnd, which :un­
JIIIic..'i the oriUinul hr•rmmml slgmd und then urchc::;­
t'lllcs the J)hysJologlc acthins. 
;:,-: The three maJor mechanisms or hormone «Ctlon 

m target cells are the udcaylyl cyclase mccllanism, 
n which. cAMP Is the se~ond mcssen~-:cr; the phos­
•hoUpasc C mechanism, In which JP:JCa2 ' is the 
Ccond messenger; and the steroid hormone mech­
,hlsm. In addition. Insulin lind lnsulln~likc growth 
actors (IGF) acl on their target cells by u ty1·osine 
:lnlUic mechanism. Finally, sP.vcral hormones ••cti­
·Mc~ guunylnte cyclase, lu wldc:la t"ydic uu;um!l.iuc~ 
:~::~:~.~phu~;.:J::lt~ (cyd!:: GMP. ~G.".1!"; h1 t!oc ,;o;c;;wl 
nessengcr. The three major mechanisms of hur­
hcmc ••ction arc discussed in this :,;cclion; the lyro­
ln':! k!m!s~ mot:'!.:ha~!sm !s. dl:ot.:u:.;:;:;d ln UH! ;;cciliw 
'" iusulln. The rncdumisms of action o! lh(: major 
:ormoncs ;arc summari"cd In Table !J~J. 

i Pi-olcins 
(j pn,tdns an! cliscussf:cl in Chaplt:r :l lu llu.:. 

tmlcxt ,;r oiuturumric: n~Cf!J")lcns. Briclly, fi pruldn!'i 
re o:1 farnlfy of mem1Jra.nt:-IJOUI1d proteins lhiJt COll­

Ie hormone receptors to effector enzymes (e.g., 
denylyl cyclase). Thus. G proteins serve a:; "molec­
lar switches" that decide whether the hormone 
ctlon can proceed. . 

At the molecular level, G proteins ~re hctero­
·Jmdrlc (te., havluu-thrcc SubunJts) sc.:rJu:ollnc pru­
::.lm•· thut .. spun the cell tncmbr.unc scvc11 llln<:s, 
'inding JJke a .. snu.ke.•; 1"he three subunits arc dcslg­
ated as alpha (a), betn (jl), and gamma (-y). The a 
uiJunit can IJJnd either ·guanosine dlphosphute 

·r_;;. 

v 

((ii>I'J or fiTP, and H t'tmlo•ins GTPasc m~livlly. When 
CiUI' l.s hnuncl In llw n !illbllnll, llw Ci prolt·ln Is 
lu;u·llvr~; wiH~II Ci'I'J' Is huwul, llu: (i prnlt~ln h; m:IJV(! 
;uul r·;ul JU•rf••rlll lt:c t•tmplh•K (um·llcm. 

Ci )Jrulc•lus 1'1111 lu- t•lllwr Nllnml~1111ry ttl' lul!lhl­
lm·,v ;unl arr• t'illlc~rl. ;n·r•nnlluul.v. G. ur (i,. Sllmula­
lory HI' luJIII,Jiw·y lwllvlly rt•Hhh~~ 111 IIH! •• :uchuull, 
which ;1n~ t:<•lh·d u~ ur u,. 

In summary, when GTP Is bound tn I he'"~"~ !<tllh­
unil ul a G~ protein, the G. protein ... ,llmulutcs I he 
f!l(,:ctor em~ymc (c.u .• .n.dcnylyl cyclnsc). When GTP 
i:c hound tn tlu~ u 1 simnll nC a G, protein, the G, 
pmleln lnhibil.'i the c( ·ctur enzyme. 

Adenylyl Cyclase Mcd nism . 
The OJ.dcnylyl cyclase/cAMP mechanism is uti~ 

lized by many hormonal systems (see Table 9-3). 
Thi:ii mechanism involves binding or a hormone to a 
receptor, coupling by a a. or G, protein, and then 
activation or Inhibition of adenylyl cyclase, leading 
Lo Increases or decrco1scs in lntraccllulnr cAMP. 
cAMP, tlu~ ~ccond mc:cs,mucr, then ilmplificN the hnr­
!~11111:11 5iJ!IIill lo pnHhlt:t: "lhc fin11l phy:-;lolus.:lc m:-­
uuu:o. 

The: :ilcps In the adcnylyl cyclase/cAMP mccha· 
nism <trc shown in Fiw1rc !t-5. In this CX01111ple, the 
hurmunc utilizes a G~ prutcin (rather thi1n a G, pro­
ldn). The rcceptnr-G,.-..1.dcnylyl cyclilse complex Is 
imbedded in the cell n1cm1Jrnnc. When nn hol'llmllc 
is bouncl to the receptor, the u:~ subunit ol the G~ 
Jlmh:in hluds CiJJP, Ju lhi:c cnnli}!urallnn, I he G. prn­
l.ein 1:; Inactive. Whcu lmrmtuh~ hhl((!'i tP lt:c n::ceptur, 
lhc Ci~ prc.tt:iu i.s ncli.vnled, ami llll~ followin~-: .Sil~ps 
occur. 

1. Hormone binds to its receptor in the cell 
membrane, producing a conformational change In 
the a, subunit (Step 1), which produces two 
changes: GOP Is released from the n. subunit ~nd Is 
replaced by GTP, nncl the u. subunit detuches from 
I he G .. protein (Sic:p 2). 

2. The a..-GTP' complex migrates within the 
cell membrane and binds to and activates adcnylyl 
cyclase (Step 3). Activated ndcnylyl cyclnse cata-
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Figure 74-5 An enzyme-linked receptor-the leptin receptor. The 
receptor exists as a homodimer (two identical parts), and leptin 
binds to the extracellular part of the receptor, causing phosphory­
lation and activation of the intracellular associated janus kinase 2 
QAK2). This causes phosphorylation of signal transducer and acti­
vator of transcription (STAT) proteins, which then activates the 
transcription of target genes and the synthesis of proteins. JAK2 
phosphorylation also activates several other enzyme systems that 
mediate some of the more rapid effects of leptin. 

Enzyme-Linked Hormone Receptors. Some recep­
tors, when activated, function directly as enzymes or are 
closely associated with enzymes that they activate. These 
enzyme-linked receptors are proteins that pass through 
the membrane only once, in contrast to the seven-trans­
membrane G protein-coupled receptors. Enzyme-linked 
receptors have their hormone-binding site on the outside 
of the cell membrane and their catalytic or enzyme-bind­
ing site on the inside. When the hormone binds to the 
extracellular part of the receptor, an enzyme immediately 
inside the cell membrane is activated (or occasionally 
inactivated), I · '--­
'1- ~ne example of an enzyme-linked receptor is the 
leptm receptor (Figure 74-5). Leptin is a hormone 
secr~t:d by fat cells and has many physiological effects, 
but Jt IS especially important in regulating appetite and 
energy balance. as discussed in Chapter 71. The Iep-
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