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I TABLE j • .j Organ Systems: Components and Functions 

I System Compo11e11ts 

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 

I - ' "----

Fu11ctions 

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

Homeostasis of extracellular fluid volume 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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HOMEOSTASIS 

Nervous 
System 

Neurotransmitters 
released in re-
sponse.to nerve 
impulses. 

Muscle cells, 
gland cells, other 
neurons . 

Muscular conlrac-
tion or glandular 
secrcuon . 

: Typically within 
milliseconds. 

I Gener~ly briefer. 

.. - . . ... . . . .. .. ·.·.-- .. ·· -

Endocrine 
System 

Hormones deli v-
crcd to tissues 
throughout the 
body by the blood. 

Virtually all body 
cells. 

Changes in meta-
bolic activities. 

Seconds to hours 
or days. 

Generally longer . . · 
' I ~ . I • 



. 
18s .,.r.~ · 1·u -· -~-: ·,.--;1 : · ·.· · · ·· ~ · t·· ; -· • • • • • • ·, · ... ._ ···, .. '· 

~: ~!_ftEndocrine ·glands, suc~s (a)lhc thyroid gtan·d, 're lease :~.:· ~· : 
:.._· .. hormones into body fluitJs. Exocrine glands. such as (b) sweat 
;; glands, release their secretions mlo dllcl~ lhnl lead lo hody . ' 
,. I 

\ 

surfaces. 

(a) 

Hormone 
molecule 

(b) 

·alood flow 

Endocrine 
cells 

.. , 
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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. 
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Fig. 1.3 Mode of delivefl 
of hormones to -their 
target cells: ··- - · .· ::-· ... 

iYPES Of HORft\O~&ACTil~ 

1. Avtocrfne !-follvery 2. Paroctfne del"'-ry 

4. Neuroendocrine defrvery 

S. Pheromonal delivery 

I 

Autocrine delivcry-<hcmicol message released ~omonol dollvory-vololllo hormones (clcissfOed 
acts on the cells tho! synthesized it, e.g. the as pheromones) released into the environment ad o 
cytokine prostaglandin E2 stimulates the olfactory cells in another individual (pheromones, 
myometrial cells that produced it ollhough only found in other species, may be 

important in controlling human sexual behaviour). 
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T A B L E 35-1. TYPES OF HORMONE ACTION 

Hormone synthesized in one location and released into plasma; binds to specific re<-eptor in eel~ 
at a distant site to elicit characteristic response. 

Ewnple: The action of th)Toid-stimul:lting hormone from the anterior pituillr)· gllnd on the 
th)TOid. 

Honnone synthesized in nel'\·e ending and released into extracellular space; interJcts ''ith 
rteeptors of cells at dist.ant si'te. 1 

Erample: The action of norepinephrine S)lltbesiz.cd in spl:tnchnic ncn·e ending on the heart 

Hormone S)-nthesized in neurons and rei~"Cl ic:C; e.xtraccllular sp:~ce; binds to receptor in 
D!afby ceU and alfects its function. 

Erample: The action on cardiac muscle cells of norepinephrine synthesized in ncn·c endings in 
the hem. 

Neurot.rarumissioo Hormone synthesized in neurons and released from oen·e endings; cr~ S)-n:lpsc and binds to 
sp:xific receptor in another neuron, affecting its action. 

£'WTlple: Rde:!SC of acetylcholine from preganglionic nen·e fibers in S)mp:Hhctic g.Jng.lin and 
binding to receptor in postganglionic neuron \\itb libcrJtion of norepinephrine. 

Paracrine Hormone synthesized in endocrine cells and released into interstitial sp.?ce,: binds to specific .. 
rtteptor of nearby edt and atl'ects 1ts function. 

.-\utocrine 

Exocrine 

['Cample: Release of somatostatin from islet delu cells and its subscquent-action.on nearby ! • 

alpha and beu cells in the same p.10creatic islet ; · 

Hormone synthesized in endocrine cells and sometimes released into interstitial sp.:~ce: binds to · . 
~fie receptor on the ceU of origin. thereby autoregulating its function. 

Erample: Tbe action of som:ltostalio on its O't'll secretion. • 

Hormone S}-nthesize"Cl in endocrine cells and released into lumen of gut: binds to cells lining the'·. 
gut at ''Cl0ing distances from the endocrine cells, thereby affecting their function. ~ 

['(!Jn!p/~: The release of gastrin by mucosal cclls and its action on gastric acid secreLion by the ; 
stom:~ch. .,~ 

(Modific.d from \\iJfums.. R.H .. Ed.: Twbook of Endocrinology. 6th c:d.. Phibddpb.i.J. W.B. S:lunders Co_ J9S I. p. 99S.) 
. --7.. 
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11GURE 15- 1 Types of Interce llular Communication by 
Chemical Messenge rs (a) Pat.tcrim: secretion. (b) Ncuroiransiniccer 
secwion. (c) Hormone secretion. (d) Neurohormone secretion. 

Secreting cell 

Secreting cell 
(endocrine cell) 

• • 

Target cell 

(a) Par"<:ri11e ~cc r'ction 

(c) HormorH S4"clion. 

. ----· ---- . 

) 

Secreting cell 
(neuron) 

(!) 

Target cell 

(b) N~urotr~nsrnlttC! r 

(d) N,vro horn' on~ 'accnua,-., 

.... (' ................. ... --··-.. - --~~~--, 
J· 
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Autocrine signal 

·~ 

Endocrine 
cell 

Neuron 

. 
Endocrine signal 

Neurotransmitter signal 

... 
• • 

\ 

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. ./ 

\.... 



Pheromones 

Substances produced by an animal that act at a distance 
to produce hormonal, behavioral, or other physiologic 
changes in another animal <;>f the same species have 
been called pheromo_nes . . The sex ·attractants of certain 
insects are particul~rly w~ll-krlown examples. The oqor
ant pheromones that ~ret . via the vomeronasal o-rgan 
play a prominent role in t~~ s~exual and dominance be
havior of rodents.· In prinj._g_tes, including humans, 
pheromones also have effec:t~. For example, women 
who are good friends or. iooihmates tend to synchro
nize their menstrual cyc~~s,--~n.d armpit odor of women 
has been shown to ,: l?l qp.o~bJ~ .. of modifying ·,.~he men
str~al cycle. Also, i!lr~ti~RrffeJ-· pads wiped on ~reast or 
axtllary areas of theu ·~own motpers over pads from · un-

famil iar women~ .. . .• :· .'', .. ~, . J 
i 
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! ~-l Tl1e following points add to the co1nplexity of the cnclo-

' ~ 
~· 

1 

i 
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' I 

crine systt~m: 

A single endocrine glan~ may tJroduce multiple hormones. 
The anterior pituitary, for example, secretes six-different 
l1onnones; each is under different control mechanisms and 
has :. different functions, some being tropic and others 
_h~ving nontropic effects. 

.. 
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o A single hormone may be secreted _by more than one 
endocrine gland. For exatnple, the hypothalamus and 
~ncreas both secrete the hormone somatostatin. 

1 , 

... 

.. 
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---. • Freque11tly, a single hormone has more Lhan one type of 
target cell and therefore can. induce more than one type of 
effect. As an exan1ple, vasopressin promotes H20 _ real)-
sorption by the kidney tubules as well as vasoconstriction 

~ 

of arterioles throughout the body.· 
\' 

,, 

, 
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, 1\ single target cell n1ay be inl1uct1l:cd by 111o~\~ tl1an one 
l1orn1nnc. Son1c cells contain an ~rray of receptors for 
rCS}JOtlding in (liffcrcnt ways to different l1orn1011es. To 
illustrate, insuli11 1)rot11otcs t~c conversion of glu~osc into 
glycogen \Vitl1in liver cells by stin1ulating one _particular 
1&c}Jatic ct1Z)'l11C, \Vl1crcas anotl1cr hort11onc, glltcagon, 

~ ' 

enh,u1ccs the tlcgratlatit111 of glycl1gc11 irllo t:JLlCL1SC within 
li\:.cr cells l)y activating yet at1otl1cr 11C})alic Cl1ZY111C . 

.. 
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• -The same chemical messeng~r tnay be citl~CX. ~- ~9Fmone or 
a neurotransmitter, depending on its so~rce ~nd ~ode of 
delivery to the target celL ~~f.CPlnep~ri~e, ~~,~~~ \~Secreted 
as a l1orr11onc by.·t11c adre~~l . ~~~d~lla '\~~.: ·~~A~ased as a 
n_curotrans111ittcr fron1 sympathctfc postg~ng~~onic nerve 

l . . ~ ' 

f1bcrs. is a prime cxan1ple. 
~ .,... 

.. . .. • ,_ .... t .. ' •• •••• • "' • &. • "' ' t \ ... ~ . ..... ' •• I , ' •• 
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:>orne organs arc exclusively erldocrin~ i11 {4~W~\9n (~hey 
• • t \ t • • •. • 1 • \ 1 , '• ~ ( J .., , "! • \ 

spcciu_lizc in hormonal s~crcti~~ alo11c, ~h~\i~t~\~~9.r. P,i.tui~ .. 
tary and thyroid glands· ~eing ex~mpl~),- ~:W,~~~~~ 9~h~t 
organs of the endocrine syste~ pcrf~rn-r: ~Q.~,~~~ocrin~ 
ru·nctions in ad4ition to secret~~g ~9.rm,~p~·~, t$)i~ · ~~ple, 
the testes produce sperm and also secrete ~~e male sex 
horn1onc testosterone. Otl1cr cxat11l)les of mi~e~ org~ns are 
the ovaril~s, digestive lrnct, p~n~rcas."l,i<.h1cys~ ~~~·ul even the 
brain . ln cal:h case c~ccpt the brain, 111ixcd fu1~ction occurs 
lJccausc the organ houses noncndo'crinc tissue plus isolated 

• clusters of endocrine cells that tnigrated to the organ 
during embryonic development. The cndocrine·f~nction of 
tl1e brain derives from the presence of neurosecretory 
neurons. There are no endocrine cells as such in the brain. 

t 
~-~ . 
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Physiological effects of hormones on body functions:-·.·:: · .. · -~~ 

Body function Effects of hormonos 

metabolism regulate metabolic processes, I.a. tho role of 
synthesis and dcgrodollon of corbohydrolas, 
proteins, and lipids 

re?production control reproductive processes, Including the 
development or the sex organs, secondary 
sexual charoctcrislics, gomatogenosls. onq 
tho menstrual cycle 

digestion control digestive processes, Including gut 
rnoflhty and I he secretion of dlgosllve 
enzymes, bile, goslrlc acid, and bicarbonate 

blood circulalion regulate blood pressure by altering cardiac 
output, vascular conslrlclion, and blood 
volumo via tho control or water oxcrollon by 
tho kidneys 

transport or regulate blood plasma concentrations of 
substrates to glucose. minerals (e.g. sodium, potassium, 
tissues (blood calcium). gosos (oxygon. carbon dloxldo), 
composltaonl blood coils, wotor, and hydrogon Ions 

(pH regulollonl 

defence against regulate Immune system responses, Including 
pathogens lcucocyto activation. Inflammation, antibody 

production, oncJ fovor 

growth control cell division and dlfforenllallon 

stress response regulate the body's response to stress 

behaviour conlrol sexual and social behaviour 

~ {) 

Fig. 1.2 Physiological effects of hormones on body 
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j Biological effect I 
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A 

I Biological effect I 
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 tndicate inhibitory, 
negattve-feedback effects. EH, endocrine cell 
hormone; RH, releasing hormone; TH, trophic 
hormone. 
l~tt§ ±' F J\! . ,;,_ t . :;~11 
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Strmulus 0 
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L__ Response 
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® ~argaf(ii. 
PTH .~tJssues:l 
--~ .~'i·;.1kJdneY.t 

''f~•bona·.c: 

Fig. 5.1.12 Direct neg~tive feedback. A. General principle. 
o. Exumplc of direct negative feedback using PTH and its effect 
on plusma calcium. 
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Resulation of Hormone Secyetion 

Feedback control 

Honnonc-hormonc 
Substrate-hormone 
Mineral-hormone 

i Neural control . 
t:::..- :c e.voke or Sut:>pres.s h ormone se ,:;:r·71o ( Chronocrooic control . . . 

Mar~v flc"·mon~ fl n.,.~ sf!r. r·E'!f:d 1n d!!.~mt:t P'..t!!:P.t ! 

. 
A<.lrcncrgtc 
Cholinergic 
Dopaminergi.c 
Scrotonincrgtc 
Endorphincrgic-. 

cnkcphalincrgtc 
'Pain, emotion,se~ual ~~citemen~, 
frigh~,_ . i.nju.ty.ql)Q S1ttss·· al( · -ca-rr 
Tllod u 1 ate hormone ~ecr <tion t n rou 9'11 
Jrel(t•l TI'Jfch~nisna. 

T"'·-~ ..... .. . 

- -· - - . . 

Oscillating 
Pulsatile 
Diurnal rhythm 
Sleep-wake cycle 
rvtcnstrual rhythm 
Seasonal rhythrn 
Ocvdopmcntal rhythn1 

,.. 



/-v 

\ 
' 

'· 

Short 
loop 

XTH 
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l . 
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~ 
1,:~~;~~-· 

--------------------------------------------~ 
FIGURE 3\ 4 Negative feedback loops regulating hormone .' 
secretion in a typical hypothalamus-pituitary-peripheral 
glnnd~.ax\s. X, Peripheral gland hom1one; XTH, pituitary 
tropic normone; XRH, hypothalamic releasing hormone; XIH, .. 

hypothalc. ·nic inhibiting hormone. . ( "'·. ··~ · ... ;.=:~.~~-~- ··:" ·~· .. 

: .. 
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-"Jt-· Hypothalamus v' 

Oxylucin 

I 
·""---· 

\ ... '"'- Milk 
' release 

FH;tl lU~ 16.12 
A neural-hormonal positive feeuback !cop. The sucking of an infant 
stimulates receptors in the nipple of th~ mammary gland. Neural 
signals travel to the hypothalamus, where they stimulate, the release of 
oxytocin from the nenrohypophy~\s. o~ytoc\n tnwc\s in tho b\oo\1 t\) 

- the mammary gland and stimulates the release of tnilk. 

I 
I 
i 
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Triggers onset 
of parturition 
(leading proposal) 

Responsible 
for progression 
of parturition 
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' FIGURE 16-22 Positive Hormonal ·. ! 
Feedback during Partu~}!!..9_n. .. 
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Amines 

A 

Polypeptides 

(Oxytocin) 

B 

Steroids 

0 
(Cortisol) 

c 

Thyroid Hormones 

I I N~ 

HO -o-0 -o-CH2- ~H- COOH 

I 

(3,5,3 ·-triiodothyronine, T 3) 

Proteins 

55 
(Growth hormone) 

OH 
(Vitamin D3) 

FIGURE 3 0 .3 Examples of different hormone chemical structures. A, Amine hormones. B, Peptide hormones. 
c. Sterord hormones. (Modrtied from Gnffin JE, Ojeda SR. Textbook of Endocrine Physrology. 4th Ed. Oxford: Oxford 
Universrty Press. 2000: Frg. 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, leukotri enes & 

related compounds. These substances are called 

eicosan oids. 

The leukotrienes, thromboxanes, lipoxins & 

prostaglandins have been called local hotmones. 

They undoubtedly act mainly in the tissues at sites in 

which they are produced. 
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TABLE 3 

Tyrosine 
Derivatives 

Epint·phrinc 
Nort·pi ncp hri n c: 
Ooplminc 
Triiodoth)TOninc: 
Th)Toxjnc 

·-.. . . . 

00 

'- o_i· f. 

o,o..,. 

Chemical Nature of the Classic Hormones 

Steroids 

T <."Stostaonc: 
Estndiol 
Proge1tcronc 
Corruol 
Aldosterone 
Vitlinin D 

0 ;. -

_,- . 
• , I < ~ .. ·~ f o 

Peptidcs 00

•• 

·: " 

(<20 :unino' acids) 

o~\10cin 
V J.Sopre1Si n 
Angiott·ruin 
Mcbnocytc-stimubting honnonc: 
Sonutost.:ltin 
Th)TOtropin-rdcJ.Sing honnonl! 
Gorlldotr?pin-rclclSing hom1onc 

.... .... ,.: -

.. 

Proteins 
(>20 amino acids) 

I mulin 
GlucJgon 
Adrrnocorticotropic honnonc: 
Thyroid-stimubting hom1onc 
Folliclc-stimubnng horinoneo 
Lutl!inizing homwnc 
Growth honnone 
Prol:tctin 
Corticocropin-rdelSing hol)n0r_1e 
Growth honnonc-rde:LSing honnonc 
Panth)T-~id hon'non~~;.-: -0 ~ 

0

~ 0 ." 

C~cftonin ° • • o, · ;o :: , 

Chorionic gonldotropin 
Choriosonutonumn16tropiri · 

/ 
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Hormones 
present 

Thyroxine Adrenal ine Thyrox ine Adrenaline 

Ji' 

Fat cells 

. . . " 

Result No release 
·• 

i ~ 

I • Fatty acid release 

~ - . II 

Increased 
fatty acid 

reLease 

{ . . 
]Fig. 11.1 Specific action of one hormone depends on the 
· 'permissive' presence of another. · \ 
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' 
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One type of interaction is 
referred to as a jJ e1~ntissive elJect. In this interaction) 

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

,.. /v:i exam[!k_of a permissive effect, as noted earlier, is the 
= --·exposu re of the uterus first to estrogens and then to pro-
gesterone in order to prepare the organ for implantation. 

~-~--. 

~ ' 

r:-
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- - - -
Another type of honnonal interaction is known as a 

synergistic effect. Tn this situation) the effects of two or 
more honnones cotnple1nent each other in such a way 
that the target cell r~sponds effectively to the sun1 of the 
horn1ones involved:EQ£_~~1J!.Rl~) the production and se
cretion of n1ilk by the 1nan1tnary glands requires) arnong 
others) the synergistic effects of estrogens, progesterone, 
prolactin (PRL), and oxytocin (OT). · 

- -

... 
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Cells can regulate tl1eir receptor number and/or func
tion in several ways. Exposing cells to ar1 excess of hormone: 
for a sustained period of time typically results in a decreased 
nt1mber of receptors for that horn1one per cell. This phe
nomenon is referred to as down-regulation. In the case of 
peptide hormones, whicl1 have receptors on cell surfaces, . 

f ... 

a redistribution of receptors from tl1e cell surface to intra- (:·.· · 
cellular sites usually occtlrs as part of the process of down~-.. ·· !' 
regulation. TI1erefore> there may be fewer total receptors per 
celL and a srnaller percentage 1nay be available for l1ormone. 
bindir1g on the cell surfac~. 



..... :s:., 

_ ,!tupregulation may occur when·j~~~~ 
. . ."loti-, ;,. 

certain conditions or treat1nents cause an increase in recep~· ~: .. ~:1 ; 

·Z'·"'j ' 

tor number compared with normal. Changes i11 rates or ··~~~;~ ·J 
.· .: ~ ~ .J. . 

receptor synthesis may also contribute to long-term down.- . )]~~? 
..... \ .. r(l\rt! . 

reaulation or upregulation. '·.'·~~:t.h~ ,t, 
(/ . .rl..,._·"' .. ,)·l 1~\ 

~· · ,, 
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· ·-._:_~ In addition to changing receptor number, many target ·· 
cells can regulate receptor function. Chronic exposure of cells 
to a hormone may cause the cells to become less responsive. 
to subseque11t exposure to the hormone by a process termed 
desensitization. If the exposure of cells to a hormone has a 
desensitizing effect 011 further action by that same horn1one, 
tl1e effect is termed hoinologotiS desensitization. If the 
exposure of cells to one hormo11e has a desensitizing effect 
with regard to the action of a different hormone, the effect is 
termed heterologous .desensitization. 



¥~~ 

.......... ~ Jn addition, son1e l1or1nones are known to have differ
er1t effects in several different target tissues. For example, 
testosterone, the n1ale sex steroid, pron1otes nortnal sperm 
forn1"ation in the Lestes, slilnulates gro,vth of the accessory 
sex glands, such as the prostate and se1ninal vesicles, and 
pron1otes the develop1nent of several secondary sex charac
teristics, such as beard growth and deepening of the voice. 



:1':.. 

.. 
·~ .. : .~ l\!Iultiplicity of regulation is also co1n1110n in the endo-

crine system. The input of infor1nation from several sources 
allows a highly integrated response to many stiinuli, which is 
of ultimate be11efit to the ·vvhole animal. For exa111ple, several 
different l1or1nones, jncluding insulin, glucago11, epineph
rjne, thyroid hor1nones, and adrenal glucocorticoids, 1nay 
regulate liver glycogen 1netabolism. 



L\f[ost l1orniones have multiple actions in their target tissues 
and are, therefore, said to have pleiotropic effects. This phe-
110111enon occ1.1rs when a single hormone regulates several 
tlinctions in a target tissu~~ For example, in skeletal mus
cle, insulin stimulates glucose uptake, stimulates glycolysis, 
stimulates glycogenesis, inhibits glycogenolysis, stimulates 
at11i110 acjd llptake, stimulates protei11 syntl1esis, and i11hibits ~ 

1)rotei11 degradation. 
.. '• .... ~7'... ' ,. •• .. . . ... .. •c ' !• .• :.;;!'. ":".:;:-;; ... ·::..~·,. ... > 
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TABLE '55-7 

HORMONES AFFECTING THE rvtAMMARY GLAN D 
DURI NC ?:\~~ , '-!. -\,~" -\ND BREAST-FEEDING 

Mam~ic lilorm().liles (promote cell proliferation) 
Lobuloalveolar growth 

Estrog.en 
Growth hormone (IGF-1) 
Cortisol 
Prolactin 
Relaxin? 

Ductal growth 
Estrogen 
Growth hormone 
Cortisol 
Relaxin -· 

Lactogenic hormon es (promote initi~tion of milk pro
duction by alveolar cells) 
Prolactin . . 
hCS (or hPL) 
Cortisol 
Insulin (JGF-1 ) 
Thyroid hormones 
Growth hormone? 
Withd rawal of estrogens and progesterone 

·. 

Galactokinetic hormones (promote contraction of 
myoepithelial cells, and thus milk ejection) 
Oxytocin 
Vasopressin (1 o/o-20o/o as powerful as OT) 

Galactopoietic hormones (maintain milk production 
after it has been established) 
Prolactin (primary) 
Cortisol and other metabolic hormones (permissive) 

hCS, human chorionic somatomammotropin; hPL, human pla
cental lactogen; IGF-1, insulin-like growth factor type I; OT, oxy
tocin . 

. ' 

... 
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A final exan1ple of a born1onal interaction is an a1I.

tagon,istic effect. I-T ere, the effect of one horn1one on . 
a target cell is opposed by another honnone~AQ examgk 
is calcitonin (CT), which lO'~vers blood calciu1n level, and 
parathyroid honnone (fYfH), which rai$es blood calciu1n 

Ll~vel (see Figu~e 18-14~. Anoth~r ant~g·onistic situaLion ' 

1 /Yo,_ v J._ v (/j • tm .s ~ / w t.;.~ ( a v.~ tJL .s b l u u cl.. ;.... 

~'tJ Ml ~"J..! ~cl. rC"-f}Uv' J ~~//('\ 
TL~S 0-;)- · 

r7 
•: 

~ 
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up-regUlation 

:::.~;;).:· ;.; .:. -·-... : 
•I• 

·""'-. 

. \ .. . : . .. . . . 
•, 

(a) 

Down-regulation 

...... . . .. 

Low receptoc density 
• Weak re~ponse . 

, 

. ' . 

' Increased receptor density 
Increased sensitivity 

: ---~ 

•'" 

... \L./ 

.. •.'• 

' ,. 

Stronger response 

· ... ~ . ' ... 
#- ;'"' ~ J 

.... -:-"'6 ;~· ...... ~ 
~~.-.-;:,! 

·;~~~ 

i-" 
... 7_ .· .• ·,...~·!1.A!t~~~y.~,-.... ~-~· ~·. '\,:: ;.~~. 
•.. ·;· '; .1~.--~~.W..t""~Y'~":" ,j·,.-;. .... . ~.:~;~ . ·-~ .. . ,. .. 
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:· (b) 

Figu re 17.28 Modula 
sensitivity to a hormone. (b) 

-...... . 

. ,. ,Oirrumshedresponsa "-~< 9 :::-... · .-
.. ' · ·,.. .. , ... ;C. ._._ ·f.;£-~;._-.-f:'~l.- ~· !·-;.~:: - 7 • • •.• : _-:-·r 

sens•tiY•ty . • ·"\ ., ·. '· 1-~t~·~·"'-£'· ;.~ .. ~. 'i:o · .,, . 
. ·~ : ... ~~ . .-.-:·--~~ ... ~:: .,. •:.: · ... :.~- ~~·::~~~~ _. .. -:~~·-~ : . 

~ell Sensitivity. (a) Up-r~g!-l_!at(op, in which a cell produces more receptors and increa~es its own 
•nw,.,_r~nr 1 1ation; in which a cell reduces th'e'density of its receptors and lessens its sensitivity to a hormon_e. 

) .,. " . ---
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_ · · changing the 
1ffinity of the receptors for the hormone-:lfie greater 
the number of receptors for a hormone, the greater 
the maximal response. The higher the affinity of the 
receptor for the hormone, the greater the likelihood 
of a res pons e. . 

t(f!JA change in the number or in the affinity of 
receptors is called down-regulation or up-regulation. 
Down-regulation means that the number of recep
tors or the affinity of the receptors for the hormone 
has decreased. Up-regulation means that the nurn
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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t 
Cell 's response 

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

Adrenocorticotropic hormone {ACTH) 
Angiotensin II {epithelial cells) 
Calcitonin 
Catecholamines (p receptors) 

Corticotropin-releasing hormone (CRH) 
Follicle-stimulating hormone (FSH) 

Glucagon 
Human chorionic gonadotropin {HCG) 
Luteinizing hormone {LH) 
Parathyroid hormone (PTH) 
Secretin 
Somatostatin 
Thyroid-stimulating hormone {TSH) 

Vasopressin (V2 receptor, epithelial cells) 

. . 
• 
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AOENYLYL CYCLASE MECHANISM 
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I Physlolog;<: <~ctions I 

I'IGUIU:: !1-5. SlC:flJ lnvolvcol In llu: ntlcnylyl cycl"""' (cl\~11') mcchnobm of ncllun. Clrcl•"<l numbers o:otn:$(>ulld lu SIC:flS diHn .. o:ol 
In I lie lexl. AMP, adenosine monotlhu>ilhAtc; ATI', ;.tlcno•lnc: lnphosph•lc, COl'. wunno>lnc: d•pho•l'h~lc; CTI', .:u~noslnc trfpho•v'~""· 

lyzcs the conversion of ATP to cAMP, which serves 
as the second messenger (Step 1). Althou~h not 
shown, Intrinsic GTPase uclivtty converts GTJ> back 
111 (jl)l', and the:: u, :.ubumt returns to its inacttvc 
;tate. 

3. cAMP, via a sene:. (1! :.tcps involvin!: .,cliVil· 
lion of protein kinase A, phosphorylatcs intr01cellu· 
l•u· proteins (Steps 5 anti fi). These phosphoryl;~ted 
proteins then execute the final physiologic actions 
(Step 7). 

'1. lntrncellular cAMP i:. clc~raded to an inac
tive metabolite, 5' A.\1P, by the cn.:yme pho:.phodi· 
esterase, thereby turnmg off the aclion of the sec
ond messenger. 

Phospholipase ( Mechanism 
Hormones that utilize the phospholipase C (IP:J 

Ca'') mechanism also arc listed in Table 9-3. The 
mcdl;~nlsm involves bintlin).! of hormone to ;~ recet>
lor. couplinl{ vin ;~G. or G, protein, ancl ndivalion <•r 
inhibition or pho~pholipasc c. hllrilccllul;~r lcvd,; 
of IP~ und Ca1 ' are either incrensed or decreased. 
producing the final physiologic actions. The steps 111 

1 he pho:;phollpase C (IPJCa2 ') mcch;mism Me 

shown in Figure 9-G. A hormone that utilizes n G, 
protein ts :.hown. 

The receptor-C,-phospholipase C complex is im
bedded in the cell membrane. With no hormone 
bound to the receptor, the a, subunit binds GOP. In 
this conftguralion, lhe G. protein is inactive. When 



Extracellular fluid 

I 
I 

CeJI 

} I 
I 
> 

' 

Cytoplasm 

Active Inactive 
protein ........ ..,__ protein 

.. . . 

kinase C kinase C 

Protein > ....... .,__ Protein :a:·~-~~- Ca++ 

+ Endoplas~i~ r~tic~lum t 

' ~ 

i • 

I 

I • 

I 
i 
! 

Cell's response Cell's response 

Figure 7 4 -8 The cell membrane phospholipid second messenger 
system by which some hormones exert their control of cell func
tion. DAG, diacylglycerol; IP 

3
, inositol triphosphate; PIP 

2
, phosphati

dytinositot biphosphate. 
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FIGURE ~G. Sl~ps lnvolv~d In the phniJ>hoiiJI'UC C (11',/Ca1 ' ) mccl•nnlsm of ncllon. Circled numlx:•s corr~poncl to steps discus$c:d 
In the tcxl. ER. endophumic reticulum. GOP. ~'U•nosinc dlpho>ph~tc; (iTl'. guanosine trlphost>hatc; w •. lnosilol 1.4,S.Irlt>hosphatc; PIP,, 
phosphotldyllnosllol 4.><Jiphusphatc:: ~H. SiliCupla-'rnlc rcliculum. 

the hormone binds l o the receptor, C. is o.~ctlv;llecl. 
which ucllvotciJ l>hosphollpasc C. In the followln!l 
steps. 

I. Hormone bind:. to lls receptor In the cell 
membrane, producing a conformational ch;m!:e in 
the o, subunit (Step 1). GOP is rcleilsed from the 
o , subunit, is replilced by GTP, and the u, subunit 
det<lches from the G. protein (Step l ) . 

2. The a .-GTP complex migr iltes within the 
cell membr<1ne and binds to and aclrvilles phospho
lipase C (.'-ifl:p .1). Activul<:d phospholipa:~e C <:ala· 
lyzcs I he lilu:rallon " ' dlacyiJ(Iytc·rul nntl II', frum 
pho:.Jihiltidylinosilol 'l,!l·dlplmsphale (1'11 '7). ,, 111<'111· 
br;111c phu.spholiplcl (Stl'fl 1). The II', l(<:llt'tillcd 
causes the reiC<Jsc or cau from intracellular stores 
in the endoplasmic or sarcoplilsmic reticulum. rc
sullin.: in ;an lncrcusc in irllracellular Ca'' cuuc<:nlril
lion (SII:p 5). 

3. Together, Ca•• <1nd dtacylglyccrol acliv<<le 
pro tein kinnse C (Step 6), which phosphorylillcs 
proteins and produces the final physiologic <Jclions 
(Step 7). 

Steroid and Thyroid Hormone Mechanism 
Steroid hormones ;:,nd th)•rold hor mones h;we 

the s;:,me mechanism of action. In contrast to the 
ildcnylyl cycl<~sc nnd pho:;phollpilse C mechilnisms. 
which involve cell membrane receptors and the ~:en· 
cralion of intracellular second messengers, the ste
roid hor mone mechanism involves nucleilr re
ceptors, DNA tr<~nscription, and synthesis of new 
proteins. In further contrast to peptide hormones, 
which act quickly on their target cells (within min· 
ules). steroid hormones net slowl y (taking hours) 

The step.~ in the steroid hormone mcchnnlsm 
iln: shown iu Fi~:;urc !1-7 ami ch:scrihctl n.s follnw.s 

I. The :.tcrultl hurmuuc dirtuscs across the cell 
memur;:,ne ullo the cytoplasm (not shown) and then 
ilCrot;S the nuclear mcmbrilne (Step 1). In the nu· 
deus. the hormone binds tu " nuclear rcccplur 011 a 
:.ilc nciiT the C tcrminu$ or a rccct>lor protein. Once 
the hormone is uouncl, a conformntional change oc
curs, activatrng the receptor. The conformiltionnl 
chanye includes movin!( blockill!l proteins out or the 
wily and exposing the DNA-binding domain or the 

;: 
C ; 

i 
l 



Table 7 4-3 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 

== 

\ ·" ~ 
Cytoplasmic 
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'. ,· 
,c ' , . . , \ .... ~ .... ~ 

Figure 7 4-6 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 10 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. 

Extracellu'ar flUid 

Ribosome 

r:tRNA 

Nuclear envelope 
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STEROID AND THYROID HORMONE MECHANISM 

@Hormon11 

====-- Ntn:fnllr 
tnwubtmm 

N lorminu5 C lor minus 
Nucloue 

l® 
Tron•(rlpllon ol DNA 

1® 
Tllu't~fuUun or mt\NA 

10 
Syntho~~ "'now J,)t<l1o~~ Cyloplo~m 

I'ICUI<Y. D-7. Slcpa lnvolvccl In 
lite a lc rohl hormone tncchonl•rn 
of acllon. Clrclc:<J numl>eu corre
spond lo sleps discus~c:d In lhc: 
lexl. DNA. tlcoxyrll>onuclr:Jc ncld; 
ml<NA, mcucngcr rlbunuclclc 
acl<l. 

receptor. The exposed IJNA-I>ImllniJ domain now 
binds DNA. beglnninJ: the transcription process to 
IJenerate new mRNA (Step 2). 

2. The mechanism continues In the cytoplilsm, 
where m HNA Is triln:.liltecJ (~'tctp :J) and new pro
lelne arc synthesized (Step 4). The nilture of the new 
proteins Is specific to the hormone and ilccounts lor 
the specificity of the hormone's physiologic <~ctlons 
(Step 5). For cxllmple, 1,25-dlhydroxycholecalclferol 
Induces the synthesis of il Ca' •-binding protein, 
which aids In tl\e absorption of Ca" from the gastro
ntestinal trilct; illdostcrone induces the synthesis or 
\fa • channels In renal principal cells, which aids In 
he reabsorption of Na • In the kidney; and thyroid 
1ormones Induce the synthesis of Nil•-K • ATPilse, 
+~hich incre•J~>e.'l 0, con:;umpllon ;ami mct;ahollc rill<:. 
:.ach hormone huh11:c.~ the :;yul hel-ls uf cll(ft:n:nl 
mJlclns on!l has vt:ry diffcrcul physioloult.: :Jctlons. 
lcpcudlnu on the nature uf that protein. 

l® 
?hysiologrc aclions 

Is Important to visualize the ilniltomlc relat ionships 
between the hypoth<Jiamus ilnd the pituitary, s ince 
these relationships underlie the funcllon;:~l connec
tions between the gl;:~nds. 

The pituitary ijl;:~nd, which olso Is culled the 
hypophysis, consists of o posterior lobe o1nd o1n ;,ntc
rlor lobe. The posterior lobe: (or posterior pltultury) 
Is i!lso c;,llcd the neurohypophysis. The n.n tca-loz· 
lobe (or anterior pltultnry) Is also called the ildeno· 
hypophysis. T he hypothillilmus Is connected lo the 
pituitary ~land by a thlo stalk Cillled the Infundibu
lum. Functionillly, the hypothalamus controls the 
pituitary glilnd by both ncurill and hormono:~l mecha
n isms (Figure 9-8). 



l'lECHANISMS Of HORMONE ACTION AND 
.ECOND MESSENGERS 

llortllnll•: ;wtluto~ '"' l.lf){r·l n·lls 111'1{111 wltr•n lilt' 
.. ,,.,.,, .. ,. 1,111d" tu :1 uu•url1rttlll' rt·c·c·JIInr, lur fllht}{ •• 
l'lflutun:-r,.c·c·J,Iur •·nu•J•h·x. ht utuuy lutruuural :-;y!:· 
C'UIS, l11 t • IJOflllff i U'•rc-c•pplur c'tHttpl.•x \!o c•uuplt·d lu 

·lh:t:tur prHicills by gllilllllslue lriplrllsplt:olc (~i'l'l ')

>indin~ pmlcin:. ((i prutt:lns). The ellectur proteins 
tsu<Jily <o re enzyme.-;, either aclenylyl cyd;•sc CJr 
•ho~phc;llp;osc C. When the ~llccl tlf protein~ ;ore 
•Ctlv:.lt:(l, a m·r:uml rncs,;enl(cr, dt lwr r•/\MI' or II', 
lru,,;Jlc,l 1;1,!'i-t r iphw;phale), h; prutluc.:r:d, whidt am
>llfics the oriuinul hottnoual sluuul und then urchcs
ro.~ te~ the phy~>luluulc :1cl lrms. 

The three: major mechanl~ms ol hormone ;~ction 
m tnruet cell!~ nre the udenylyl cyclase mccl1anism. 
n which cAMP is the second mcsscn~:er; the pho.s
oholipase C mechanism, In which IPJCa• • is the 
ccond messen~-;er; a nd the s teroid ho rmone mech
nl~m. In addition. Insulin und iMulin-likc ~:rowth 
'lCtors (IGF) acl on their tlltliC:t cell!'\ by a 1y1·osine 
ina..'lc mechanism. 1-innlly, !l•:vcr<JI hurnwncs ilCti
;oh: uuun ylntc cycln~e , in whidt t·ydic ll"'"'"shw 
lUIIUJiho~ph;ttc (cyclic GMI'. diMI ' ) is the sr:cwnl 
1Csscnt:er. The three m;tjflr mechanisms ul hur-
10ne oiCttun arc di:.cussed in this SeCtlllll; the tyro
inc kin;r.,e IIH:ch<.~nism is discus~wcl in tlu: scctiuu 
n i11sulln. The rnechillllstn~ ul :1ct iun ul the majur 
ormoncs ;,re sumrnarl~cd in Tilblc !}-.:1. 

• Prot eins 

G prtJlt:ins arc: tlha:u:.s•:d in Chaplt·r 2 in 11..
•mtcxt <,1 . tutrmunti<: n:c<:pt•m;. llridly, Ci fJrt•ll!ius 
re a family of mcmiHcJIIe-l>ound proteins I h;tt cuu
le hormone receptors to clleclor enzymes (e.g., 
clcnylyl cyclase). Thus, G proteins sc:rvc ns "molcc
lar swi tches" tlwt decide whether the hormone 
ctlon can p rocee d. 

At the molecular level, G proteins arc hetcro
·imcrlc (i.e., havluu three subvuils) serpc:ntlne pru
;ins thai spun the cr:ll membrnnc sev<:n timt:s . 
•inllmfllike" ":.n01ke." The three sul;units <Jrc: ch;si~
ntcd as alpha (u), beta (13), and gi.lmm<~ (y). The a 
ul>unit c:~n bind either guanosine diphosph<lte 

, . 

v 

CI:JW) ur CiTI'. nml il .-unt;tins C.'l'l'ilsl' ilt'livily. \Vhl~n 
Iiili' Is hntntd 111 llw " suhunll, 1111' Ci proldn Is 
u,;u-IJVt·; wlu-n CiTI ' Is lmtuul, tlu: li prutl'ln Is ;ll'llvt• 

a111l c·.11a , ... rr .. r m 11~ ''""flll"ll huu·tlntt . 
li prulf'IIIS 1':111 lw l'llht•t· :<ll11111lah•ry ur lllhllol

lnry "'"' o~rc · ,-.,11 ... 1. ;u·o·nrrlluJliV, (i, "' (; ,, .SIIuutlil
lnry ur luloll•ll•..-y IH'Ilvlly n·Hirh•" lu lin· " ,.ulno111l, 
wltil:h an• 1allt·ll "· or u,. 

In Sllllllllilfy, when <~TI' Is hountl to I he " · suh
lllllt ol a G. protein, the G, protein srin111lurcs the 
r:lfr·ctur cmymc: (c-~ .. :~dcnylyl cyclnse). When GTP 
1:. hu1n111 It• 1 lor: "• sJtnonit of 01 C., prntcln, the G, 
JII'Utein illlulnl., the cl&ctur en1y111e. 

Adcnylyl Cyclase Mcdt nism 

The ndenylyl cyclase/cAMP mechanism is uti
li%c:d by many hormonnl systems (sec Table 9- 3). 
This mcch01nism involves binding of a hormone to a 
receptor. couplin).( by a G, or G, protein. and lhen 
nctivation or inhibiiiOtl of :~denylyl cycl;,se, le<~din!: 
to increa:.e~ or clccn!ilses in intrncellul;~r cAMP. 
c/\MI'. lht• secnntlmc-ssPn~cr, then amplifies the hor
nuuMI si~u;tl Itt pnulun· the lin a I physloltt}!k ac
liuns. 

Tlw sll:ps in llu: :tcl('nylyl cycl:t~c/c/\MI' mecha
nism ;lfe shnwn in l't~urc !1-5. In this e:-;;tmplc, the 
hurttaune uliliH:s ,, C.. JUHieon (r.11hc:r lltiln a G, prn
tt:in). The: rcccptor-G.-;,clenylyl cyclase complex is 
imbedded 111 1 he cell 111embr.mc. Wlwn no hormone 
is lmunrl tt> the receptor, the u . subunit of the G, 
prult:m hlucls (il)l'. lu this nmli~ur;tlitm, the C.. pro
tl'iuls In active. When hurt>HIIW hlnlls lu lis re<:q>lur, 
till' (;, pruh-ill IS activ:olet l, ;tllll the fulluwin~ 1-tq>S 
ftCCIIr. 

I_ Hormone binds to its r eceptor in the cell 
membriJnc, producing a conlormallonnl change In 
the (\, subunit (Step I). which produces two 
chant;es: GOP is rcle<asccl from the n , subunit and is 
repl.1eccl l>y GTP. ;~nd the u , subunit dc:t;~chcs from 
the G. prutein (Sit:/1 :!). 

:l. The u ,-GTP complex mit;r<~lc.o; within the 
cell mcml>rilne nncl binds to nnd activates ;~clenylyl 
cyclnse (Step J). Activated adenylyl cyclase cata-

TAULE !J- :s. Mcch:wbm~ or llorononc Action 

\<J~nylyl CyciMc 
l cch~n4m (ci\Mr) 

·Phospholip:uc C 
Mcchnnl•m (IPJCD'") 

St~roid l lormonc 
Mc-dJOlni.\.rn 

Tyrculnc 1\ln:uc 
Mc:chnnl~rn 

Gnnnylnlc Cycl:>.<c 
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Figure 74-5 An enzyme-linked receptor-t~e leptin receptor. ~e 
receptor exists as a homcxlimer {two identical parts). and teptm 
binds to the extracellular part of the receptor. causing phosphory
lation and activation of the intracellular associated janus kinase 2 
QAKZ). 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 en~me systems that 
mediate some of the more rapid effects of leptm. 

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 parr of the receptor, an enzyme immediately 
inside the cell membrane is activated (or occasionally 
inactivated). · ·--~ 

'1- C?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 It 1s especially important in regulating appetite and 
energy baJance. as discussed in Chapter 71. The Jep-
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pituitary portal system 
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Fig. 28.5 R~latiuoship bel ween hypothalamic neuroncs and an
terior piwirary cells. (From l~ Guillcmin & R. IJurgus ( 1972) 
Scionlific A111orit:rm 227 (5) 2'1-33.) 



Posterior pituitary 
cell (storage cell) 

Fig. 2H.H Hole of the posterior piwit;~ry cells in the storage of che 
hormones oxyr(ldll :llld ADll clahornted by hypothalamic ncuroncs 
( Ft·u m lt. Guillc:rllill & H. llurgus (IY7:Z) Scientific American 227 (5) 
2~ -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 Synthesi~e and Secret~ 
H'ormones. Usually, there is one cell type for each major 
hormone formed in ~he anterior pituitary gland. Wtlh 
special stains attached to high-affinity antibodies that 
bind with the distinctive hormones, at least five cell types 
can be differentiated. 

Tab'te 7S-1 Cells and Hormones of the Anterior Pituitary Gland and Their Physiolog1cal Functions 

t. ·~ . ;:r.; 
Cell .• ;i'..:!::•:,;: .. ; 

Somatotropes 

Corticotropes 

Thyrotropes 

Gonadotropes 

Lactotropes 
Mammotropes 

. ..... to";~f")~-~~--- --'",' 

Hormone • · r€:-..;!;11·lf~it.b~·.Chemlstry 
~ ~~·1~-~ 

Growth hormone (GH; Single chain of 191 amino 
somatotropin) acids 

Adrenocorticotropic hormone 
(ACTH; corticotropin) 

Thyroid-stimulating hormone 
(TSH; thyrotropin) 

Follicle-stimulating hormone 
(FSH) 

Luteinizing hormone (LH) 

Single chain or 39 
amino acids 

Glycoprotein of two subunits, 
o: (89 amino acids) and ~ 
(1 12 amino acids) 

Glycoprotein of two subunits, 
Ct. (89 amino <Kids) and ~ 
(1 12 amino acids) 
Glycoprotein of two subunits, 
o: (89 amino acids) and P 
(1 15 amino acids) 

Physiological Action 

Stimulates body growth: stimulates secretion 
of IGF-1; stimulates lipolysis; inhibits actions of 
insulin 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 ovary; stimulates 
production of estrogen and progesterone 
by the ovary; stimulates testosterone 
production by the testis 

Prolactin (PRL) 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 

arc somatotropes that secrete growth hormone, and about 
20 percent are corticotropes that S<'crete ACTH. Each of 
the other cell types accounts for only 3 to 5 percent of the 
t()tal; nevertheless. they secrete powerfu l hormones for 
controlling thyroid function , sexual functions, and milk 
secretion by the breasts. 



Specific Areas in the Hypothalamus Control 
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. llowever, 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 doselv related areas of the basal brain. · 

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

Hormone ,, .. , 
Thyrotropin-releasing hormone {TRH) 

Gonadotropin-releasing hormone {GnRH} 

Corticotropin-releasing hormone (CRH) 

Growth hormone-releasing hormone (GHRH) 

Growth hormone inhibitory hormone 
(somatostatin) 

Prolactin-inhibiting hormone (PI H) 

Peptide of 3 amino acids 

Single chain of 10 amino acids 

Single cha in of 4·1 amino acids 

Single chain of 44 amino acids 

Single chain of 14 amino acids 

Dopamine (a catecholamine) 

'':t· ··, 

Primary Action on Anterior P.ituitary 

Stimulates secretion of TSH by thyrotropes 

Stimulates secretion of FSH and LH by 
gonadotropes 

Stimulates secretion of ACTH by 
corticotropes 

Stimulates secretion of growth hormone by 
soma to tropes 

Inhibits secretion of growth hormone by 
somatotropes 

Inhibits synthesis and secretion of prolactin 
by lactotrooes · r 

ACTH, adrenocorticotropiC hormone; FSH, follicle-sllmulating hormone; LH, luteinizing hormone; TSH, thyroid-stimulatmg hormone. 

For most of Lhe anterior pituitary hormones, it is the releasing hormones 
that arc important, but for prolactin, a hypothalamic 
inhibitory hormone probably exerts more control. · 
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FIGURE39·3 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 o( anterior pituitary tropic hor
mones. cAMP, Cyclic adenosine monophate; DNA, deoxyribonucleic acid; •mRNA, messenger 
ribonucleic acid. 
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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
mones are nonapeptides with a disulfide ring at one en·d 

\ (Figure 14-1 O). . · · J 
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Fig. 28.7 1 The trncts from the hypoch::damus t~ the pituitary. The 
paravencriculnr nucleus and the supra-optic nucleus arc thought co be 
responsible for the elaboration of oxytocin and ADH respectively. 
The other traces terminate in the capilla ry plexus shown in Figure 
28.'1 and carry the hypothalamic hormones which control the release 
of the hormones of the anterior pituitary. ;. ·' 
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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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EFFECT OF GH IN ENHk~CING FAT UTILISATION , FOR ENERGY : 

1) INCREASESTHE RELEASE OF FATTY ACIDS FR0?--1 THE ADIPOSE TISSUE . 

2) FATTY ACIDS CONCENTRATION INCREASESIN BODY FLUIDS. 

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

WITH THE SUBSEQUENT UTILISATION FOR ENERGY. 

4:) IN THIS CASE SFARE TilE PROTEIN 

5) UNDER THE EFFECT OF GH THE MOBILISATION OF FAT RE~UIRES 

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

IN NINUTES-

6 ) UNDER THE EXCESSIVE OF GH GREAT ANOUNT OF FAT NOBILI SED , 

THEREFORE A LOT OF ACETOACETIC ACIDS ARE FORMED BY THE 

L~VER AND RELEASED INTO THE BODY FL~ID$ 1 THUS CAUSING 

(KETOSIS ) o WHICH I S CALLED " KETOGENIC EFFECT" OF GR. 
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DIABETOGENIC EFFECT OF GH. 

1) 'vE HAVE ALREADY HENTIONED THAT GH INCREASES BLOOD GLUCOSE 

CONCENTRATION. 

2) IN ADDITION GH ~~y HAV£A DIRECT EFF ECT ON BETA-CELLS. 

3) IN THESE CASES P~~CREAS OVER STI~illLATED AND 

FINALLY , BURN OUT. 

THE ::ELLS 

4) WHEN THIS OCCURS THE PERSON DEVELOPS DIABETES MELLITUS. 

5) THEREFORE IS SAID GH HAS DIABETOGENIC EFFECT. 
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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 fulJy 
understood, bl}t ?everal faqors related to a person's state 
of n~tritio·p or .st~ess 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 

Stimulate 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 

-4- hormone 
'threlin 

Inhibit Growth Hormone 

Secretion 
_ ...... 

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 

Large intestine Small intestine 

Figure 71-1 Feedback mechanisms for control of food rntake 
Stretch receptors in the stomach activate sensory afferent path
ways in the vagus nerve and inhibit food intake. Peptide YY (PY)'j, 
cholecystokinin (CCK}. 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 ... 

- '7 Ghrelin-a Gastrointestinal H~rmone-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 
experi mental animals, further supporting the possibility 
that it may be anorexigenic hormone. However, its physi 
ol_?gic role in humans is still uncertain. 
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Birth Childhood Puberty .Adult life Senescence 

I fig. ~·19 Lifetirn~ pattern of growth honnonc (GH) secretion. GH lewis m higher in 
children thJn adults with a ~ak period during puberty. GH secretion declines with aging. 
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Sleep 

Somatostatin GH RH ------J 

Growth hormone 

Somatomedin 

Stimulate .,. 
Inhibit ---1~ 

• Fig. 48-20 Regulation of growth honnone (GI-l) secre
tion. The hypothalamic peptide (GHRH) stimulates growth 
hormone release, whereas the hypothalamic pep~ide sCJ
matostatin inhibits it. Negative feedback is by the peripheral 
mediator of HGH action: somatomedin~Negative feedback 
occurs both via somatomedin inhibition of GHRH ·action and 
by somatomedin stiw.uJation of somatostatir. release . HGH in
hibits its own secretion by short-loop feedback. In addition 
GHRH inhibits its ow a· release via ultra short-loop fcedbacl:. 
In both of these cases the negative feedback is, probably via 
increasing somatostatin rde.ase. _/ 
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Inhibit 

Prolactin 

---t" • II 

TRH 

• Fig. 52-25. Regulation of prolactin secretion. The prcdom· 
inant n1ode of hypothalamic regulation is tonic inhibition viu 
dopamine. Although T'RH stimulates prolactin release, its 
physiological role i~ uncertain, und evidence ~uggesls another 
hypothalamic peptide may be more physiologically important. 
Prolactin exerts short-loop feedback on its own secretion by 
stiJnuJating production or the hypothalamic inhibitor I dopa• 
nun e. 
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--( 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
mones are nonapeptides with a disulfide ring at one end 

\(Figure 14-1 O). . 1 
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,__ __ _ 
TABLE 9-G. Factors Affecting ADH Secretio n 

Stlrnulatory Factors 

Increased scrun1 osn1olarity · 
Decreased ECF volume 
Pain 
Nausea 
Hypoglycen1ia 
Nicotine 
Opiates 
Antincop.lastic drugs ... 

t t I • 

lnl~~ bl t~~yi f~c;~o.rs. ~ · '· ·':' .. ! 
''' "': · . 

· Decreased scrun1 OSI)lolarily 1;!·: 

Ethanol · · · 
a-Ad rcncrg ic agonlsts · 
Atrial natriurct~c p~plidc (ANP) 

; ~ • t •• 
• j • ... •• 
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Fig. 12 . 15 The: anacomic locacion of chc.: adrc.:nal glands and chc.: 

organizacion of chcir blood supply. Noce chac cht arrtrial supply is 

via many small arceries which origina((': from rhc: aona . The venous 

drainage is via a large: central vein rhac c:n1pcies inco the inferior 

vena cava. 
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'1:•\Hl£ l n-2 Major Ad reuocortic.al Abnormalities 

i\IJNOR.t\IAUrY 

£'<:cess olrlosterone 

F.xcr.ss cortisol 

Excess mtdrog('ll 

J)cficiclll cortisol C:lltd nltlostc·• c,,. 

J>dicicut wrt isol 

CONOJnON 

Conn's;yndrome (primary 
hypcra!dostcrontsrn) 

Secondury h~ll!!raldosteronisrn 

Cushing's syndrome 

i\tltcn gcnat:1l sync! rome 

Adtli<:t n's c.li.•.•:a.~·· (pmn<~•r 
ndrrn. cortiritltn~lllficicncy) 

S1·t:tHrlary Mlrca•or:vrtkal 
ir t$ulfkicoc:; 

CAUSE 

Hypersecrcting tumor ol 
zona glomen.Jlosa 

Inappropriately high activity 
ol renin·ilngiotensin system 

Exc~ CRH and/or Affil 
caused b> h) pothalmac or 
ilntcrior pituitary dl<.ease: 
:Jn:·e~~~ ~~· tn!J ttJrnor '.'1 
innc. layer5 r,J ildrenal 
cortex; AClll-secreting 
tumor in lu 1~ 

l"'1ck of cm~tnc in cortisol 
pillhw<ty 

D~tn.Jclto~o m i<ltopathic 
a!lophy of adrenal cortex 

f n~ultu.:ien t i\Cil l causctll>y 
ltypOLilill<Hitic or antcri(lr 
pituitary fai.ure 

( 

-, 
SYMPTOflll) -
Hypernatremia. 
hypokalemia: h)1Jel1ension 

Glucose excess: protein 
shonagt>. abnormal fat 
distribution 

lnaprroprii:lte 
masculinization in all but 
adult males 

Rclilted to corti!.l)l 
deficaency; poor response to 
strcs.~: hypoglycemia: l;~ck of 
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metabolic i\ctivities 

Related to aldosterone 
deficiency: hyperkalemia: 
h~-ponatrenaia, h}lJOtension l (If s~vcre enough . fetal) 
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Adrenal androgens (DHEA ·and androstenedi
one). DHEA and androstenedione are andro
genic steroi9s produced by the :iona retlcularis. 
These compounds have only \-veak androgenic 
activity, but in the testes, they are converted 

. ' 

to testosterone, a more potent androgen. The 
precursors for the adrenal. androgens are 17-
hydro~-yp:-egnenolone and 17-hyqro:-..')'progester
one, which are converted to androgens by re
moval of the C20,21 side chair1.In males, adrenal 
androgens are of little significance; the testes 
prodtJce th~ir ov.;n te~tosterone from· choles
terol ~nd do not .require thE adrenal precursors 

:: _- .:· .. : ~- -~. In females, ho·,vever, the adre-
nal cortex is the major source of androgenic 
compoun_~s. · 

Actions of Adrenal Androgens 

Females: presence of pubic (\nj 
. ~ . ~il~ary hair; libido . · 
: rv:alcs: s·ame as tes.tosteronc 

.. . 



URE 9-2 J. Biosynthetic pathways for g)ucocorticolds, mlneralocortlcolds, and androgens In the adrenal cortex. ACTH adren<r J 
icotropic hormone. 

-- Actions of Adrenal Androgens 

Females: presence of publc and 
·axillary hair; libido . · 

• # • • • • . .. . 

; Male5: same as testosterone 

·. 
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occur only in the inner zones. 
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Figure 77-4 Aldosterone-responsive epithelial cell signaling p3th
ways. ENaC, epithelial sodium channel proteins; MR. mineralo
corticoid receptor. Activation of the MR by aldosterone can be 
ancJgonized with spironolactone. Amiloride is a drug that can 
be used to block ENaC. 
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The most important stimuli for aldosterone are 
(1) increased extracellular potassium concentration and 
(2) increased angiotensin II levels, which typically occur in 
conditions associated with sodium and volume depletion 
or low blood pressure. The increased secretion of aldoster
one associated with these conditions causes renal sodium 
and water retention, helping to increase extracellular fluid 
volume and restore blood pressure toward normal. 

In the absence of aldosterone, as occurs with adrenal 
destruction or malfunction (Addison's disease)~ there is 
marked loss of sodium from the body and accumulation 
of potassium. Conversely, excess aldosterone secretion, as 
occurs in patients with adrenal tumors (Conn's syndrome), 
is associated with sodium retention and decreased plasma 
potassium concentration due, in part, to excessive potas
sium secretion by the kidneys. Although day-to-day reg
ulation of sodium balance can be maintained as long as 
minimal levels of aldosterone are present, the inability to 
appropriately adjust aldosterone secretion greatly impairs 
the regulation of renal potassium excretion and potas
sium concentration of the body fluids. Thus, aldosterone 
is even more important as a regulator of potassium con
centration than it is for sodium concentration. 
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Figure 26.7 Relation of a nephron's structure to its three basic functions: glomerular ftltration, tubular reabsorption, and 
tubular secretion. Excreted substances remain in the urine and subsequently leave the body. For any substance S. 
excretion rate of S = filtration rate or S - reabsorption rate or S + secretion rate of S. 

~ Glomerular filtration occurs in the renal corpuscle; tubular reabsorption and tubular secretion occur all along 
the renal tubule and collecting duel. 
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Angiotensin II Increases Sodium and Water 
Reabsorption. Angiotensin II is perhaps the body's most 
powerful sodiUm-retaining hormone. As discussed in 
Chapter 19. ang1otensin II formation increases in circum
stances associated with low blood pressure and/or low 
extracellular fluid volume, such as during hemorrhage or 
loss of salt and water from the body fluids by excessive 
sweating or severe diarrhea. The increased formation of 
angiotensm ll helps to return blood pressure and extra
cellular volume toward normal by increasing sodium and 
water reabsorption from the renal tubules through three 
main effects: 

1. Angiotensin 11 stimulates aldosterone secretion, which 
in turn mcreases sodium reabsorption. 

2. Angiotensin ll constricts the efferent arterioles, which 
has t\\'O effects on peritubular capillary dynamics that 
increase sodJUm and water reabsorption. First, effer
ent artenolar constriction reduces pentubular capil
lary hydrostatic pressure, which increases net tubular 
reabsorption, especially from the proximal tubules. 
Second, efferent arteriolar constriction, by reducing 
renal blood flow, raises filtration fraction in the glo
merulus and increases the concentration of proteins 
and the colloid osmotic pressure in the peritubular 
captllaries; this increases the reabsorptive force at the 
peritubular capillaries and raises tubular reabsorption 
of sodium and water. 

3. Angiotensin II directly stimulates sodium reabsorp
tion in the proximal tubules, the loops of Henle, the dis
tal tubules, and the collecting tubules. One of the direct 
effects of angiotensin II is i:O stimulate the sodium
potassium ATPase pump on the tubular epithelial cell 
basolateral membrane. A second effect is to slimulate 
sodium-hydrogen exchange in the luminal membrane, 
especially in the proximal tubule. A third effect of angio
tensin II is to stimulate sodium-bicarbonate co-transport 
in the basolateral membrane (Figure 27-17). 

Thus, angiotensin H stimulates sodium transport 
across both the luminal and the basolateral surfaces of the 
epithelial cell membrane in most renal tubular segments. 
These multiple actions of angiotensin II cause marked 
sod1um and water retention by the kidneys when angio
tensin II levels are increased and play a cntical role in 
permitting the body to adapt to wide variations in sodium 
intake without large changes in extracellular fluid volume 
and blood pressure. 
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Figure 27-17 Direct effects of angiotensin II (Ang II) to increase 
proximal tubular sodium reabsorption. Ang II stimulates sodium 
sodium-hydrogen exchange (NHE) on the luminal membrane and the 
sodium-potassium ATPase transporter as well as sodium-bicarbonate 
co-transport on the basolateral membrane. These same effects of 
Ang II likely occur in several other parts of the renal tubule, including 
the loop of Henle, distal tubule, and collecting tubule. 



FIGURE 33 .8 The formation of angiotensins I, 
II, and Ill from angiotensinogen. 
FE Fil § 43 e ' z A' t : : ! r ,:._= · • t'? wA>i*RM 

~ Renin 

Angiotensinogen 

~R Angiotensin I 

~ Converting enzytne 

~ Angiotensin II 

~ Aminopeptidase 

Angiotensin Il l 

• Angiotensin 1U is as potent a stimulator of aldosterone secre
tion as angiotensin Il. 
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FIGURE 11-8 The reyulolion of aldosterone secretion. Activation of the renin-angiotensin sys
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Figure 11.15. Simplified pathways for the synthesis of 
steroid hormones in the adrenal cortex~The adrenal cortex 
produces steroids that regulate Na+ and K+ balance 
(mineralocorticoids), steroids that regulate glucose balance 
(glucocorticoids), and small amounts of sex steroid -
hormones. 
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TABLE 5-3: Physiologic Actions of Glucocorticoid Hormones 

1. Carbohydrate Metabolism: stimulates glucurwogcnesis: increases 'glycogen content in liver 
and glucose concentrations in blood: may also dec;rca~w pcripncra l utilization of glucose. 

J 

2. Protein Metabolism: induces maiked losses of nitrogen in urine as protein is catabolized to x-x~ 
form glucose. 

3. Fat Metabolism: increases total body fat at the expense of protein; leads to centripetal 
redistribution of fat. 

4. Water Metabolism: enhances water diuresis by preserving the rate of glomr.-ular filtratio n. 

5. Hematologic Effects: decreases lymphocytes. basophils. and eosinophils: increases 
neutrophils: total white blood cell count rises slightly: red blood cell count rises . 

6. Centra l Nervous System Effects: may control threshold for electrical excitanility of the 
brain; psychiatric disturbances are common with both lack and excess of cortisol. 

7. Gascrointescinol Effects: production o f gas tric ncid i11 crcascs and pepsin decreases: the 
tendency for peptic ulcer formation increases with increasing concentration of cortisol in 
plasma. 

8. Bone Metabolism: high levels inhibit formation of protein matrix of bone: this may lead to 
demineralization of the bone and osteoporosis . 

9. Cardiovascular System: ~air,tains sensitivity {o pressor effects of catecholc...nbes. 

10. Mesenchymal System: alters connective tissue response to injury, namely, decreased 
·hyperemia. exu'datioi?-, and t~Uular infiltration. This ill ustrates the antiinflammatory action 
of glucocorticoi'd hormones. 

11. Immunologic Effects: high concentrations of glucocort icoids in blood lyse fixed plasma cells 
and lymphocytes. thereby decreasing antibody produ<.:tion . 
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J 
- ·~ 



·,·.-·~· .. : . ~· ' . . ~.: ..... :. . •. .... .. -
.• ;~;; ~· !. ~ •• .. 

-.. . . ~. t::::.: ... 
·. .·:-:.:··-· 

·. 
.. -... . .. 

. . : : ~~·:.r_:;.._;.-'•'•~ 0 7 - . 

-·~of the fetal cortex. In v£tro studies of primate adrenals and 
estimation of steroids in umbilical venous blood showed that the 
fetal adrenal is capable of steroid production at an early stage of 
gestation!Glucocorticoids in the fetus are involved in a number 
of important processes: 

r Production of surfactant from type II cells of the alveoli of the 
lung-a lack of which leads to the respiratory distress syndrome 
in newborn infants. 
2 Development of hypothalamic function and of the thyroid
pituitary axis. 
3 The sequential changes of placental structure and in the ionic 
composition of amniotic and allantoic fluids during develop
ment. 
4 They are most important in the initiation of the endocrine 
changes of the fetus and mother which are responsible for par
tuntton. 
5 The development of hepatic enzymes, including those in
vel ved in gluconeogenesis. 
6 Induction of thymic involution . 
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TABLE 9-11. Actions o r Adrenocort ical Steroids l 
Actions of Glucocortlcoids 

Increase gluconeogenesis 
Increase proteolysis (catabolic) 
Increase lipolysis · 
Decrease glucose utilization 
Decrease Insulin sensitivity 
Antl-lnnammatory 
Immunosuppression 
Maintain vascular 

responsiveness to 
catecholamines 

Inhibit hone form\\i:•m 
lnc:ro:asc (.,FI< 
Decrease RE;'I.l s:e\!j) 

Actions of Mineralocorticoids 

Increase Na • reabsorption 
Increase K • secretion 
Increase H • secretion 

Actions of Adrenal Anclroge~s 

Females: presence of pubic and 
axillary hair; libido 

Males: same as testosterone 

......... ~ 
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G A~ L E 1 Some Effects of Glucocorticoids l 
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l Ccllubr immuniry ;.. . .,, ;_-, ~. :···,· 

! Accivity of fibrobbsl~ . !:·~~-': ':. · r~:~··. : .':· 
l Coll;1~en synthesis . . .. !";. 

ADH, antidiuretic hormone; ACI'I-1, adre nocorticotropic hormone; · 
GFR, glomerular filtriltion rille. 
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Giucocorticoids · " . . \ · · 

. · · ; • Cortisol (very ' potent.' accou1Hs fo r about 95 per- cc;> ~f all \- :· 
·glucocorticoid activity) · .'.1~ .:•'t: i::./~-:: . .;,. .~··. 

(;.:.: 1 · Corticostcrof!C (provides about 4 per cent of. total •'glu<?o.corti- ' .. ·,_r -
· . ~~ ·."~- . · coid acti_vity; but much Jcs.s potent than cortisol).:;~. ~ ,~.· . ·,:~i~- • · ;;._ :=! 

·· · : ~·J·. • Cortisone .(synthetic, almost as potent as· cortisol) ~\::;: ·;:>t .:;-. . ··~ · _ '/~ 
t t ., r • • • • , t .~ • a "\Y • "• .. 

:·_'·.·:1 : • .Prednisone (synthetic, four times u.s 'potcnt us· cortiso!)":"(;~.:~' :··.~ ;' -:\!! 
1- ... I I f • • ' • • ' #' . .. ' \. • • I! 

•· .. I· · . Methyl prednisone (synthetic. five times ~ts potcnt:as ,cortisol)_ · .. ,i 

;·.: , ~~~~~n~thas~nc · (.s~~th.~tic, 30 tir~es as potent · n~:~~:~~.~~·~!~ .; :·:·:_;:_J :·j 
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FIGURE 49-5. Rhythm of ACTH :1nd cortisol The corucotrophs release ACTH in a circadi:m rh}'thm, grc:uer in the c:~rlr m~'rnmg h~'Lirs 
and less late in the aftemoon and e;'lrly evening. Superimposed on the circadian rh}·thm is the effect on the conicotrophs ~,f th.: pul~:ttile 
secretion of CRH b)' the hrpothal3mus. Thus, t\CTH levels exhibi t both circadi:ln and pulsatile bcha\'ior. Notice that. :!hhvugh both 
:\CTH and conisol are secreted episodically. the duration of the ACTH bursts is briefer, reflecting the shoner h:~lf-lifc l,f .-\CTH m pl:tsm:1 
.~CTH, adrenocorticotropic hormone, CRH, conicotropin-rele:~sing hormone. (Data from Wilson JO et :~1 : Williams Tcxtb~'~'k ,,f [nd,,-:n
nology. Philad,?fphia, \VB Snunders. 1998.) 
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Fig. 12.16 (a) A diagr.tmm:Hic 
rcprescncacion of a section 
chrough the cortex and 
medulla of rhe adrcnnl ~lanJ. 
NOlc the three £011<.::. o( the 
adrenal cortex, the cdl:. of 
which secrete sccroid hor
mones. (b) The appcM.lllCc of 

sccroid-secrctln!! cells. (c) A 
:.inglc ca n.:chuh•minc-scc:rering 

chromaffin cdl. 

The ad renal cortex 
There are chree morphologically discincc zones of cells within 
che adrcn:d corcex (Fig. 12.16). These arc the outer zona glomcm
lo/11 (occupying around 10 per cenc of chc adrenal corccx), the 
zona jt~Jcimlata (around 7 'j per ccnc), and chc zontl rctimlaris, 

which lies closcsc co chc adrenal medulla~fhc lona recicularis 
docs nor cliffcrenciate fully unci! between 6 and S years of n,~;;c. In 
the adulc gland, chc cells of the glomcrulosa continually migrate 

down through chc zona fasCJculara co chc: zona recicularis, 

changing chcir sccrcrory pancrn as they ~;o. The purpose of elm 
migration is noc clear. 
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Cross section through 
adrenal gland 
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product 

Capsule 
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Glomerulose- Aldosterone 
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Reticuloris -- Androgens 
:tJ% 
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:Sche matic r epresentation of the adrenal gland and its main s ecre t ory prod uct s . 
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Cortex 
Medulla 

/.una l;loml!ru l osa (llineralocorticoids) 

-lt""' f"il<;•.lculala (Glucocorttcoflls and 

Androgens) 

ltclicu laris (Glucocort i coids und 

And rogens) 

(Ci\tccho lar.~ines) 

J'l(:lJitl·: r.-1: Ctn):s ,;uc:linulhtiiiiJth tlw tulrunnl, illn~lrnllnJ:Ihn mnlor aubc.llvlslons nnc.l colllnyors 
11:1 wnlln~ lhulr hm nm:1nl prtnhu:t,;. ( t\tluplr•rl Jtum: 1111111 uud Curmock, 1 U70.) 
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the adrena l cortex and adrena l medulla, ,,·hich differ:. in. . . . . " . . . 

their hi s t~lo.gi~al . struc:tur~ ,~- ~n~-~~~y; ' devel<?P~~n~·· · ~~~ ~ 

. functions. rf'l~ -tot~ -~~,~~;.[0 ·:·0/ o:_ i o: s:- -;- ~,: 

* 
The adrenal cortex is essential to life, because it: 

a), Controls Na, k und H
2
o metabolism • 

•• 7 

1J' Controls ' carbohydrate, fat and ptn . metaboli~m and 

~6bil{sat ion for jner gy • . ~~: ~ 
• • • • • • •• • • 0 .. . . . .. - -- ••• 

... ··- .. 

"(), pa·rticipates in respon! -~s to stresses of: · varid~£ kinds . 
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