Paraventricular
nucleus

Neurosecretory cell

‘ Hypothalamus
| Supra-oplico-
hypophyseal

' tract 1

Supraoptic
nucleus

=

\
1\

Optic

Tubero-hypophyseal AN
chiasma -

tract

Infundibulum

Hypothalamic—
hypophyseal tract

- ( posterior pituitary anterior pituilary)
NEUROHYPOPHYSIS ADENOHYPOPHYSIS

Flgure 18-8
Tortora/ Anagnostakos: Principtes of Analomy and Physiology, 5/e

Copyright @ 1887 by lmiper & Row, Publishars, Inc. All rights «asoived.

‘The Pituitary

(bopophysiy GLAND

emall gland—abeut 1" em in di e ; ) toe
Mihe sella turcicq at e b dgf"pf'gfg ?bnri ;9{: te 1 gram in weight~that lics

L




Hypothalamic neurone

Capillary of

pituitary portal svstem

Anterior pituitary

i ——

Fig. 28.% Relationship between hypoth.llnmic neurones and an-

terior pituitary cells. (From R. Guillemin & R. Bur!,us (1972)
.Scmnnfn: American 227 (5) 24-33.)
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Fig. 28.8 Role of the posterior pituitary cells in the storage of the
hormones oxyrocin and ADE elaborated by hypothalamic neurones
(From R. Guillemin & R, Durgus (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 celi 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 obe via the portal vessels.
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.Anterior : P:tmtary Gland Contalns Several |,

Different Cell Types That Synthesize and Secrete

Hormones. Usually, there is one cell type for each major

hormone formed in the -anterior pituitary gland. With

special stains attached to high-affinity antibodies that :

bind with the distinctive hormones at least five cell types . .. .. L . REE .

. can be differentiateds.
Table 75-1 Cells and Hormones of the Anterior Pituitary Gland-and Their Physrologlcal Functions

“Somatotropes Growth hormone (GH; i Single chain of 191 amino Stimulates body growth; stimulates secretion
Siae somatotropin) _ ;- acids of IGF-1; stimulates lipolysis; inhibits actions of
insulin on carbohydrate and lipid metabolism
Adrenocorticotropic hormone " :- Single chain of 39 Stimulates production of glucocorticoids and
(ACTH; corticotropin) .- amino acids androgens by the adrenal cortex; maintains
i size of zona fasciculata and zona reticularis
of cortex '

Thyroid-stimulating hormone

- Glycoprotein of two suburiits,  Stimulates production of thyroid hormones
(TSH; thyrotropin) '

o (89 amino acids) and B by thyroid follicular te[[s; maintains size of

7 {112 amino acids) follicular celts

“Gonadotropes Follicle-stimulating hormone - Glycoprotein of two subunits,  Stimulates deve'opment of ovarian follicles;

R {FSH} o (89 amino acids) and B regulates spermatogenesis in the testis
{112 amino acids) Causes ovulation and formation of the

Luteinizing hormone {LH} Glycoprotein of two subunits,  corpus luteum in the ovary; stimulates
0. (89 amino acids) and B production of estrogen and progesterone
(115 amino acids) by the ovary; stimulates testosterone
' praduction by the testis
~Lactotropes Prolactin (PRL) ‘ Single chain of 198 amino Stimulates milk secretion and production
:Mammpgtropes L .- acids

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 powetful hormones for
controlling thyroid function, sexual functions, and milk
secretion by the breasts. R

IGF, insulin-like growth factor.
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Specific Areas in the HypothalamUECOntrol ~ gland. Electrical stimulation of this region excites these

Secretion of Specific Hypothalamic Releasing and nerve endings and, therefore, causes release of essentially
Inhibitory Hormones. All or most of the hypothalamic all the hypothalamic hormones. However, the neuronal
hormones are secreted at nerve endings in the median cell bodies that give rise to these median eminence nerve
eminence before being transported to the anterior pituitary endings are located in other discrete areas of the hypo-

thalamus or in closely related areas of the basal brain.
Table 75-2 Hypothalamic Releasing and Inhibitory Hormones That Control Secretion of the Anterior Pituitary Gland

Hormo

Thyrotropin-releasing hormone (TRH) W ‘j‘ngt‘ide of 3 amino acids Stimulates secretion of TSH byfhy‘rotropes
Gonadotropin-releasing hormone (GnRH) o -;;,Sihgle chain of 10 amino acids - Stimulates secretion of FSH and LH by
. L gonadotropes
Corticotropin-releasing hormone {CRH) Single chain of 41 amino acids Stimulates secretion of ACTH by
: corticotropes
Growth hormone-releasing hormone {GHRH) Single chain of 44 amino acids Stimulates secretion of growth hormone by
o somatotropes -
Growth hormone inhibitory hormone - Single chain of 14 amino acids inhibits secretion of growth hormone by
(somatostatin) S somatotropes _
Prolactin-inhibiting hormone (PIH) ' ‘Dopamine (a catecholamine) - _]nhlblt.S synthesis and secretlo Yok 'rolactm
- o B o by lactotropes R

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. ’
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FIGURE 33-3 The action of hypothalamic releasing or inhibiting hormones on anterior pituitary
cells. Characteristically the neurchormones 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 tropic hor-

mones. cAMP, Cyclic adenosine monophate. DNA, deoxyribonucleic acid; ‘'mRNA, messenger
" ribonucleic acid.




R Vasopressm & Oxytocm

\

In most mammals, the hormones secreted by the pos-
terior pituitary gland are arginine vasopressin (AVP)
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 dlsulﬁde ring at one end

I \(Plgure 14-10). o | - j
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Fig. 28.7 ' The teacts from the hypothalamus to the pituitary. The
paraventricular nucleus and the supra-optic nucleus are thoughe to be
tesponsible for the elaboration of oxytocin and ADH respectively.
The other tracts terminate in the capillary plexus shown in Figure
28.4 and carry the hypothalamlc hormones which control the release
of the hormones of the anterior pltultary Ly
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Growth hormone (GH), also calted somatotrepic
- hormone (SH) or sometotropin, is a small pretein
100 molecule containing 191 amino acids having 3 molecular wei
It causes arowth of all tissues of the body that are
capable of arewing. [t promotes bolh increased
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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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B 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.



EFFECT OF GH IN ENHANCING FAT UTILISATION, FOR ENERGY:

1)
2)

3)

L)
5)

6)

(KETOSIS)., WHICH IS CALLED "“KETOGENIC EFFECT"™ O
o o e .- .- m--

INCREASESTHE RELEASE OF FATTY ACIDS FROM THE ADIPOSE TISSUE.
FATTY ACIDS CONCENTRATION INCREASESIN BODY FLUIDS.

IT ENHANCES THE CONVERSION OF FATTY ACIDS INTG ACETYL- C O A.,
WITH THE SUBSEQUENT UTILISATION FOR ENERGY. '

IN THIS CASE SPARE THE PROTEIN

UNDER THE EFFECT OF GH THE MOBILISATION OF FAT REQUIRES
MINUTES TO HOURS, WHERE AS PROTEIN SYNTHESIS CAN BEGIN
IN MINUTES. )

UNDER THE EXCESSIVE OF GH GREAT AMOUNT OF FAT MOBILISED,

THEREFORE A LOT OF ACETOACETIC ACIDS ARE FORMED BY THE
-

LIVER AND RELEASED INTO THE BODY FLUIDS, THUS CAUSING

F GH.

[ . . - —

R
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69 DIABETOGENIC EFFECT CF GH.

1) WE HAVE ALREADY MENTIONED THAT GH INCREASES BLOOD GLUCOSE
CONCENTRATION. |

2) IN ADDITION GH MAY HAYE A DIRECT EFFECT ON BETA-CELLS,

3) IN THESE CASES PANCREAS OVER STIMULATED AND THE CELLS
~ FINALLY, BURN OUT,

4) WHEN THIS OCCURS THE PERSON DEVELOPS DIABETES MELLITUS,

5) THEREFORE IS SAID GH HAS DIABETOGENIC EFFECT.
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I)mbetogemc Effects of Other Antenor P1tu1taz y
Hormones. Growth hormone is not the only anterior. - "=
pituitary hormone that increases the blood glucose con- =77
centration. At least three others can do the same: ad- .
renocorticotropin, thyroid-stimulating hormone, and .;_'____'.ﬁ:'“’l“s‘*:-l- .
prolactin. Especially important is adrenocorticotropin, f;'; P "“L“"‘;L
which increases the rate of cortisol secretion by the AcTH
‘adrenal cortex. Cortisol then increases the blood glucose - 'c;au.'s@e
concentbration by inercasing the rate of gluconeogenesis, - 9,!“0{'..% |
Whis effect, quantitatively,-is probably equally as dia- ~ =
beLoguuc as the cllecL of gr owth liormone. L

.
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Growth hormone is secreted in a pulsatile pattern,

increasing and decreasing. The precise mechanisms

that control secretion of growth hormone are not fully -
understood but several factors related to a person’s state
of nutrltlon or.stress are known to stimulate secretlon

30 -

N
o
|

Growth hormone
(ng/ml plasma)
o
1

N

Sleep

ﬁ |~ Strenuous
exercise

0 T 1
8am 12
Noon

4pm 8pm

1 ] | ]
12 4am 8am

Midnight

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

'Stlmulate Growth Hormone
Secretlon __'i :

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 Il and V)
Growth hormone-—-releasing
hormone
hrelin

.. Secretior

Increased blood glucose

Increased blood free fatty
acids

Aging

Obesity

Growth hormone inhibitory
hormone {somatostatin)

Growth hormone
(exogenous)

Somatomedins {insutin-like
growth factors) =

@ sirelin, a2 hormone secreted by the stomach before

meals.:




Hypothalamus

Stomach

Pancreas -

7
1

Large intestine Small intestine 3

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 (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. A

¥ Ghrelin—a Gastrointestinal Hormone—Increases
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 an orexigenic hormone. However, its physi-
ologic role in humans is still uncertain.
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B Fig. 48-19 Lifetime pattern of growth hormone (GH) secretion. GH levels are higher in

children than adults with a peak period duning puberty. GH seerction declines with aging.
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M 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 the peripheral
mediator of HGH action: somatomedin®Negative feedback
occurs both via somatomedin inhibition of GHRH action and
by somatomedin stimrulation of somatostatir: release. HGH in-
hibits its own secretion by short-loop feedback. In addition
GHRH inhibits its own release .via ultra short-loop feedbacl:.
In both of these cases the negative feedback is, probably via

increasing somatostatin release. . v
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. Atrophy of the adlenal cortex and 51gns of hyp.oadrenal-'

1Sm- wﬂhout Sclll loss because of ACTH deﬁc1ency |
CCSS’HIOH of glowth failure to attain an adult stature, a
dec;ded tendency toward hypoglycemna hypersensitiv-
ity. tof'msulm and a loss of body mtrogen accompanied
by dmmmhed fat calabohsm because of lack of STH.
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THORACIC VERTEBRA IN ACROMEGALY! HYPEROSTOSIS, -
ESPECIALLY MARKED ON ANTERIOR ASPECT

-

X-RAY OF SKULL IN ACROMEGALY1 ENLARGEMENT
hyl OF SELLA TURCICA, WITH QCCIPITAL PROTUBERANCE, .
k%, THICKENING OF CRANIAL BONES, ENLARGEMENT OF
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M 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 excrls short-loop feedback on its own secrction by

stimulating production of the hypothalamic inhibitor, dopa-
mine.
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In most mammals, the hormones secreted by the pos-
terior pituitary gland are arginine vasopressin (AVP)
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 dlsulﬁde ring at one end

\(Flgure 14-10). e ).

" Vasopressin & Oxytocin
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OXYTOCIN PICKED UP BY PRIMARY
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\TABLE 1.1

Organ Systems: Components and Functions

: SyStem

| Nervous

- Skeletal

- Cardiovascular
Respiratory
Digestive
Urinary

Endocrine

| | Reproductive

Lymphatic:

Immune

Components

Brain, spinal cord, per_ipheral nerves, ganglia

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

Nose and throat, trachea, bronchi, bronchioles, lungs

Mouth, esophagus, stomach, small and large
intestines, salivary glands, liver ga.ll bladder;
pancreas

Kidneys, ureters, bladder urethra

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

Male: testes, associated glands and ducts, penis

Female: ovaries, fallopian tubes, uterus, vagina,
clitoris, breasts

Lymph vessels, lymph nodes

Lymphoid tissues, bone marrow, white blood
cells, thymus

Functions

Controls activities of other systems; 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 hormones between organ systems

Takes up oxygen and releases carbon dioxide to -
atmosphere; produces sounds; partly responsible for
regulating blood acidity

Digestion, food storage, absorption of nutnents

‘protects aga.mst infection

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

Reproduction, sexualgratiﬁcat_i_on '

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 l B 1 Tl 18.1 . COMPARISON OF NERVOUS

f;,_i‘._.‘.f. ﬁ:; 7,:-_;;-{ . ..-SYSTEM AND ENDOCRINE
Uy e e - SYSTEM REGULATION OF
- - HOMEOSTASIS
, a—
P rviaksT L Nervous Endocrine
'-“*-Characterlsﬂc - System - System
Mechamsm of Ncurotransmitters Hormones deliv-
control ‘”“ - released in re- cred to tissues
SRS sponsc.to nerve  throughout the
B st impulscs. ~ body by the blood.

x Cell§ affected - Musclecells, Virtually all body
i“ et 0 o1and cells, other  cells.

f"”*'ﬁ "“fﬂ'?’i{" " neurons.

Type of 'actxon Muscular contrac- - Changes in mcta-
"‘_J‘that result_s( .~ tionor glandular  bolic activitics.
woreeSit o secretion.

anne to onset of + Typically within ~ Seconds to hours _' |
'f»a actxon "t‘ ”‘ i . milliseconds. or days.

Duratlon of o Generally bricfer.  Generally longcr.".:"' |

lq.l
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"Endocnne glands ‘stich'as (a) the lhyro:d gland roleas'e'

= glands, releage their secretions into ducts that jcad o body
| surfaces., s ‘

Endocrine
cells

(@)
Horrhh'one
moi_ecuie
‘Blood flow
(b - © Duct——

Sweat gland ——|

" hormones into body fluids. Exocrine glands, suchas (b) sweai |




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, afier 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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5. Pheromonal delivery

T

Autocrine delwary—chemlcul message released Phoromonal dolivory—-volallia hormones lclusstﬂad

tacto
acls on the cells thot synthesized i, e.g. the - ~ as pheromones) released into Ihelen:ronz::e: |
cylokine proslaglandin E, stimulales the ~ offactory cells in another individual {phero o
myometrial celis that Produced it although only found in other species, may

imporiant in controlling human séxual behavaourl.




P

LT ——

- TABLE 35-1. TYPES OF HORMONE ACTION

| Endocnne

Neuroendocrine

Neurociine
Neurotransmission
Paracrine

Autocrine

Exocrine

Hormone s:,nthmzed in one location and released into plasma; binds to specific receptor in cclls
at a distant site 10 elicit charactenstic response.

Example: The action of 1hyro:d-sumulnung hormone from thc anterior pituilary gland on the
thyroid.

Hormone synthesized in nerve cndmg and released into extracellular space; interacts with

receptors of cells at distant site.
Example: The action of norepinephrine synthcsw:d in splanchnic nerve ending on the heart.

Hormone synthesized in neurons and releasd it:te extracellular space; binds to receptor in
pearby cell and affects its function.

Example: The action on cardiac muscle cells of norepinephrine synthesized in nerve endings in

the heart,

Hormone wnthcs:zcd in neurons and released from nerve endings; crosses synapse and binds to .

specifie receptor in another neuron, affecting its action.
Example: Release of acety {choline from preganglionic nerve fibers in sympathetic ganglia and -
binding to receptor in postganglionic neuron with liberation of norepinephrine,

Homone synthesized in endocrine cells and released into interstitial space; binds to specific
receptor of nearby cell and affects its functon. i

Example: Release of somatostatin from islet delta cells and its subsequent-action.on nearby

alpha and beta cells in the same pancreatic islet. | :

Hormone synthesized in endocrine cells and sometimes released into interstitial space: binds to
spcific receptor on the cell of origin, thereby autoregulating its function.
Example: The action of somatostatia on its own secretion.

Hormone synthesized in endocrine cells and released into lumen of gut; binds 1o cells lining t.he
gut at varying distances from the endocrine cells, thereby affecting their function.

Example: The release of gastrin by mucosal cells and its action on gastric acid secretion by thc
stomach.

ﬂ:

'l'-'li i" ‘";

S ¢
. .
W\

(ModiSed rom Wilkams, R.H., Ed.: Textbook of Endocrinology. 6th od. Philadsiphia, W.B, Saunders Co.. 1981. p. 998.)
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4GURE 15—-1 Types of Intercellular Communication by
“hemical Messengers (a) Paaciine secretion. (b) Neurotranismitter
ecretion. {¢) Hormone secretion. {d) Neurchormone secretion. ‘

Target cell

Secreting cell

Target cell

A T i L T e
i T ey N RGN "--f:"-?-".:

Secreting cell
(neuron)

(a) Paracrine secretion {b) Neurotransmitter

Biood

Secreting cell
{nsuron)

Secreting cell
(endocrine cell)

Hormone secretion, |
(c) Hormon (d) Newrohormone seerctisn,

et et e,




- Autocrine signal
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Paracrine signal

Endocrine signal

Biood

Endocrine
cell

Neurotransmitter signal

Neuron

Electrical signal

~ 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 produccd by an ammal that act at a dlstance

aJ qf; the same

play a prominent role
havior of - rodents___.

i

o "%ﬁw i ‘
ferﬁpads wiped on breast or

familiar wome;_l |

to roducc hormona.l;-'_ behawqral or other physiologic
-an spec1cs havc.

pable of modlfylng_ he m’en- '

_‘,'Others over pads from in-
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" The following points add to the complexity of the endo-
crine system: |

{ * Asingle endocrine gland may produce multiple hormones.
The anterior pituitary, for example, secretes six™ diflerent
hormones; each is under different control mechanisms and

| has different -functions, some being tropic and others
_having nontropic effects.

bt A T
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e A single hormone may be secreted by more than one
endocrine gland. For example, the hypothalamus and
pancreas both secrete the hormone somatostatin.




L )

v 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 H,O. reab-
sorption by the kidney tubules as well as vasoconstriction

~ of arterioles throughout the boay.'. | - T
- o |
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A single target ccll may be influenced by more than one
hormene. Some cells contain an array of receptors for
responding in dillerent ways to dillerent hormones. To
illustrate, insulin promotes the conversion of g L,Iucosc into
glycogen within liver cells by stimulating one _particular
hepatic enzyme, whcrcas another hormonc glucagon,
enhances the degradation of glycogen into glucose within
liver cells by activaling yet another hepatic enzyme,



s A e i — b e+ S TS

~ #"The same chemical messenger may be cithera I;wrmone or

~ a neurotransmitter, depending on its source: and mode of
delivery to the target cell. Norepmephnne._@ ligh is secret

as a hormone by -the adrenal medulla and- teleased as 2

neurotransmitter {rom sympalhcuc poslganghomc nerve
flbcrs is a prime example.
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some organs arc excluswcly endocnne in. [q;;;ttop (they

specialize in hormonal sgcretxon ‘alone, th%_‘ ﬂf
tary and thyro'id g}ands-“bcing’gsamples) ‘* hereas -other:

the testes producc spcrm and also secret,e 'Lhe ‘male sex
hormonc testosterone. Other cxamplcs of mxxed organs are
the ovaries, digestive tract, pancreas, ktdnc.ys. and even the
brain. In cach case except the brain, mixed funcuon OCCurs
becausc the organ houscs noncnducrmc lissue plus isolated
clusters of endocrine cells that migrated to the organ
during embryonic development. The endocrine funcuon of
the brain derives from the presence of neurosecretory

ncurons. There are no, endocrine cells as such in the bram
A\
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i Physlologlcal effects of hormonas on body functions R |

melabolism regulato metabolic procosses, {.o. the rale of
synihesis and degradalion of carbohydrates,

proteins, and liplds

reproduction confrol reproductive processes, including the
developmenl of the sex organs, secondary
sexual characleristics, gametogenasis, and
the mensirual cycle

)
Body function Effects of hormonos , | , %

digestion control digeslive processes, including gut
mohlity and Ihe secretion of digastive H
enzymes, bile, gaslric acid, ond bicorbonate

blood circulation regulale blood pressure by altering cordiac -
outpul, vascular conslriction, and blood
volume via the control of waler axcrelion by

the kidneys
fransporiol . | regulale blood plasmao concentrations of
substrales lo glucose, minerals (e.g. sodium, polassium,
Kssues (blood calclum), gases {oxygen, carbon dloxida),
composition) blood colls, wolar, and hydrogen lons
ipH regulation)
defence agains! regulote immune system responses, including
pathogens - leucocyle octivotion, Inflammaltion, antibody
| produclion, and leveor
growth control cell division and differentiation
siress response | regdlale the body’s response to siress
behaviour . contral sexual and social behaviour
\_ - '
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- 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, reteasing hormone; TH, trophic
hormone.
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A necural-hormonal positive feedback lcop. The sucking of an infant

= stimulates receptors in the nipple of the mammary gland. Neural
signals travel to the hypothalamus, where they stimulate the relcase of

oxytocin from the ncurohypophysis. Oxytlocin travels in the blood o

- the mammary gland and stimulates the release of milk.
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Amines Thyroid Hormones

OH
NH,

| ! !
HO CH — CHy — NHjp |
. . HO 0 CHpz — CH — COCH
{Norepinephrine)
HO : l

(3.5,3"-triiodothyronine, T3)

Polypeptides Proteins

(Oxytocin)

Steroids

CH,OH
!
c=o0

poS

{Cortisol) (Vitamin Dg)
C

FIGURE 30.3 Examples of different hormone chemical structures. A, Amine hormones. B, Peptide hormones.
C, Steroid hormones. {Madified 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
eicosanoids.

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 Classic Hormones . Sl
.. Tyrosine IR _Pepnde_ - “ 7. Proteins -
Denvatives Steroids (<20 amino'acids) (>20 amino acids)
Epincphnine Testosterone  Oxytocin oo Insulin
Norepinephrine Estradiol Vasopressin * Glucagon
" Dopamine Progesterone . Angiotensin . Adrenocorticotropic | honnonc
Tritodothyronine  Cortisol Mchnoq’tt—stmmlaﬂng hommnc Thyroid-stimulating hormone
. Thyroxine " Aldosterone Somatostatin Follicle-stimulating honnonc
' Viamin D~ - - Thyrotropin-releasing hormone - Luteinizing hormone
 Gomadotropin-releasing hormone ~ Growth honnone
- S e e o Prolactin
: Comcotropm-relcasmg honnonc
e . Growth hormonc-rclcasmg honnonc
nE ’ " Parathyroid hormonc i
Calcitonin FE
_ : Chorionic gonndotropm
WS T T o Chonosonmormtmnotropm o
- .lr- - -



~ Hormones  Thyroxine - - Adrenaline  Thyroxine 'Adr_enoline'

o present L - e

o ';Fo'r cells-

- SEN Ty L r
- Result = Norelease . Fatty acid release .  Increased .
T T S TP LI fatty acid 7
S e re]ggse '.

jfag 11 1 Speomo action of one hormone depends on the

perrmsswe Dpresence of another SN




- One type of interaction is

referred to as a permissive effect. In this interaction,
K the effect of one hormone on a target cell requires a
previous. or simultaneous exposure to anethetr hor-

mone(s). Such previous exposure enhances the response
ofatarget cell orincreases the activity of another hormone.
"An example of a permissive effect, as noted earlier, is the
‘exposure of the uterus first to estrogens and then to.pro-
gesterone in order to prepare the organ for implantation,

A . -




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 responds effectively to the sum of the

hormones involved For example, the production and se-
cretion of milk by the mammary glands requires, among
others, the synergistic effects of estrogens, progesterone,
prolactin (PRL) and oxytocin (OT).




~= Cells can regulate their receptor number and/or fanc:
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; of
peptide hormones, which have receptors on cell surfaces,:
a redistribution of receptors from the cell surface to intra-"
cellular sites usually occurs as part of the process of dowm
regulation. Therefore, there may be fewer total receptors"péi*--'"f?’
- cell, and a smaller percentage may be available for hormone:
. binding on the cell surface |




o ""upregulatlon may. occur- whem TR
certain cond1t10ns or treatments cause an increase in rece' _
tor number compared with normal. Changes in rates----of
receptor synthesis may also comtnbute to long-term dowi'
regulation or upregulation. |




&

s In addition fo ‘changing receptor number, many targ
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 termed‘ §
desensitization. If the exposure of cells to a hormone hasa"
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 effect '13.-.:-
termed heterologous desensitization.



u...h In addition, some hormones are known to have dlffer—
ent effects in several different target tissues. For example,
testosterone, the male sex steroid, promotes normal sperm
formation in the testes, stimulates growth of the accessoty
sex glands, such as the prostate and seminal vesicles, and

promotes the development of several secondary sex chardc-

‘teristics, such as beard growth and deepening of the voice.




-3 Multiplicity of regulation is also common in the endo-
crine system. The input of information from several sources
allows a highly integrated response to many stimuli, whichis -
of ultimate benefit to the whole animal. For example, several
different hormones, including insulin, glucagon, epinepk-
rine, thyroid hormones, and adrenal glucocorticoids, may_.
regulate liver glycogen metabolism.




Most hormiones have multiple actions in their target tissues
and are, therefore, said tohave pleiotropic effects. This phe-
nomenon occurs when a smgle hormone regulates several .
functions in a target tissueFor example, in skeletal mus-
cle, insulin stimulates glucose uptake, stimulates glycoly51s |
stimulates glycogenesis, inhibits glycogenolysm stimulates

amino acid uptake, stimulates protein synthesis, and inhibits
protein degradation. |




ge
Growth hormone (IGF D
Cortisol
Prolactm

I.actogemc hormones (promote lmtiahon of m:ik pro~.
ductton by alveolar cells)

hCS human chonomc somatomammotr_ in;: hPL, “human pla-",
. cental lactogen; -IGF-, insulin-like growth factor type §; OT oxy—"
tocm '



A final example of a hormonal interaction is an az-
fagonistic effect. Here, the effect of one hormone on .
a target cell is opposed by another hormone. An example
is calcitonin (CT), which lowers blood calcmm level, and
pamthymd hormone (PTH), which raises blood calcmm .
L level (see Figure 18- 14) Another antagonistic situation
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| changmg the
:zfﬁmty of the receptors for the hormone'—TH__g'reater |
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 hkehhood
“of a response. |
change in the number or in the afﬁmty of
receptors is called down-regulation or up-regulation.

Downregulation means that the number of recep-
tors the affinity of the receptors for the hormone
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has decreased. Up—regulation means that the num-
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 ¢, B, and y
G protein complex associates with the receptor and is activated, with an exchange of guanosine triphosphate (GTP) for guanasine diphos-
phate (GDP). This causes the o subunit {to which the GTP is bound) to dissociate from the B and vy subunits of the G protein and to interact
with membrane-bound target proteins (enzymes) that initiate intracellular signals.
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Figure 74-7 Cyclié adenosine monophosphate {cAMP) mecha-
nism by which many hormones exert their control of cell function.
ADP, adenosine diphosphate; ATP, adenosine triphosphate.




Table 74-2 Hormones That Use the Adenylyl Cyclase—cAMP

Second Messenger System

Adrenocorticotropic hormone (ACTH)
Angiotensin ! (epithelial cells)
Calcitonin

Catecholamines (B receptors)
Corticotropin-releasing hormone (CRH)
Follicte=stimulating hormone (FSH)
Glucagon |

Human chorionic gonadotropin (HCG)
Luteinizing hormone (LH)

Parathyroid hormone (PTH)

Secretin

Somatostatin-

Thyroid- stlmulatmg hormone (TSH)
Vasopressm (V -receptor, epithelial cells)
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ADENYLYL CYCLASE MECHANISM
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FIGURE 8-5, Siteps involved In the adenyly) cyclnae (cAMI?) smechanlsm of actlon. Clreled numbers correspond (o steps dlacuased
In Lhe text. AMP, adenosine monuphosphale; ATP, adenustie triphospliale; GDP, yuanosine diphosphate; GTPE, yuanoslue tripheaphate.

lyzes the conversion of ATP to cAMP, which serves
as the second messenger (Step 4). Although not
shown, intrinsic GTPase activity converls GTP back
to GPP, and the w, subunit returns to its inaclive
stale.

3. cAMP, via a series ol sleps Involving actliva-
tion of protein kinasc A, phosphorylates intracellu-
lar proteins (Steps 5 und ). These phosphorylated
proteins then cxecute the final physlologic aclions

(Sitep 7).

4. Iatracellular cAMP is degraded to an inac-
tive metabollte, 5' AMP, by the enzyme phosphodi-
eslerase, thereby turning olf the actlon of the sec-
ond messenger.

Phospholipase € Mechanism

Hormones that utilize the phospholipase C (IPy/
Ca?*) mechanism also are listed in Table 9-3. The
mechanlsm Involves binding of hormone Lo a recep-
tor, coupling via a G, or G, prolein, and actlivation or
Inhibilion of phospholipase C. Intracellular levels
of 1P, and Ca?* are either increased or decreased,
producing the Anal physiologic actions. The steps in
the phospholipase C (Py/Ca'*) mechanism arc
shown in Figure 9-6. A hormone that utilizes a G,
protein is shown.

The receptor-G,-phospholipase C complex is im-
Ledded in the cell membrane. With no hormone -
bound to the receplor, the o, subunit binds GDP In
this cenfiguration, Lthe 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, inositol triphosphate; PIP,, phosphati-

dylinositol biphosphate.
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FIGURE 9-G. Sieps involved In the phoapholipase C (1P,/Ca?*) mechanism of nclion. Clreled numbers correspond to steps discussed
In the text. ER, endoplusmic reticulum; GOP, guanesine diphosphate; GTi”, guanosine triphosphate; 1P, Inositol 1,4,5-triphosphate; PIP;,

phosphatldylinositel 4,5-diphosphate; SR, sarcoplasmic reticulum.

the hormene binds to the receplor, G, Is activatedd,
which activates phosphollpase C, In the lollowiny
steps.

1. Hormone binds to its receptor In the cell
membrane, producing a conformational change in
the a, subunit (Step 7). GDP is released {rom the
a, subunlt, is replaced by GTP, and the a, subunit
detaches {rom the G, protein (Siep 2).

2. The o,-GTP complex migrates within the
cell membrane and binds to and activates phospho-
lipase C (Step 3). Actlvated phospholipase C cata-
lyzos the liberation of dlacylglycerol anpd I’y from
phosphatidylinositol 4.5-diphosphate (PII%), a men-
brane phospholipid (Step 4). The 1P generated
causes the release of Ca?* from intracellular stores
in the endoplasmic or sarcoplasmic reticulum, re-
sultlng tn an increasce in Intracellular Ci¥* concuentra-

tion (Step 5).

3. Together, Ca** and diacylglycerol aclivate
protcin kinase C (Siep 6), which phosphorylates
proteins and produces the final physiologic actlons
(Step 7).

Sterold and Thyroid Hormone Mechanism

Steroid hormones and thyrold hormenes have
the same mechanism of action. In contrast to the
adenylyl cyclase and phosphollpase C mechanisms,
which Involve cell membrane receptors and the gen-
eration of intracellular second messengers, the ste-
roid hormosnie mechanism involves nuclear re-
ceptors, DNA transcription, and synthesis of new
proteins. In {urther contrast to peptide hormones,
which act quickly on their target cells (within min-
utes), steroid hormones act slowly (taking hours).

The steps in the sterald hormone mechanism
are shown in Figure 97 and described as follows.

I.  The sterold hormone diffuses across e cell
membrane into the cytoplasm (not shown) and then
across the nuclear membrane (Step 1). In the nu-
cleus, the honmone binds to a nuclear receplor at a
site near the C lerminus of a receplor protein. Once
the hormone is bound, a conformational change oc-
curs, activaling the receptor. The conformational
change includes moving blocking proteins out of the
way and exposing the DNA-binding domain of the




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

Angiotensin I} (vascular smooth muscle)
Catecholamines (¢t receptors)
Gonadotropin-releasing hormone (GnRH)
Growth hormone—releasing hormone (GHRH)
Oxytocin

" Thyrotropin releasing hormone (TRH)
Vasopressin (V1 receptor, vascular smooth muscle)



W Lipophilic hormone

Diffusion

v

Cyﬁiplasmic

receptor

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
(promioter) on the DNA_This either
activates or inhibits gene transcrip-
tion, formation of messenger RNA
(MRNA), and protein synthesis.
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STEROID AND THYAROID HORMONE MECHANISM
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Physlologic actions
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acid,

receptor. The exposced DNA-blading domaln now
binds DNA, beginning the transcription process to
generate new mRNA (Step 2).

2. The mechanlsm continues In the cytoplasm,
where mRNA Is translated (Sieg J) and new pro-
telna are synthesized ((Step 4). The nature of the new
protetns Is speclfic-to the hormone and accounts for
the specificity of the hormone's physiologle actions
(Step 5). For example, 1,25-dlhydroxycholecalciferol
Induces the synthesis of a Ca?+-binding proteln,
which aids In the absorption of Ca?* from the gastro-
intestinal tract; aldosterone induces the synthesis of
Na* channels In renal principal cells, which alds In
he reabsorption of Na* In the kidney; and thyrold
1ormones Induce the synthesls of Na*-K* ATPase,
vhich increases Oy consumption and metabolic rale.
tach hormonce lnduces the systhesis of different
rolelus and has very different physiotogle actlous,

lepending on the nature of Lhat protein,

-

Is Important to visualize the anatomic rclatlonshlps
between the hypothalamus and the pitultary, since
these relationshlps underlle the {functional connec-
tions between the glands.

The pitultary gland, which also Is called the
hypophysls, conslists ol a posterior lobe and an ante-
rlor lobe. The posterlor lobe (or posterior pltultary)
Is also called the neurohypophysis. The anterior
lobe (or anterlor pltultary) Is also called the adeno-
hypophysis. The hypothalamus ls connected to the
pituitary gland by a thin stalk called the Infundlbu-
lum. Functlonally, the hypothalamus cosntrols the
pltultary gland by both neural and hormonal mecha-

nisms (Flgure 9-3).
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ﬂECHAN!SMS OF HORMONE ACTION AKND
'ECOND MESSENGERS

Hormone aclitns oo tanie! colls bheglo when the

wrmone bnds 1o a membrane receplog lonnlog o

ipreme-receplor complex, Inomany hannonol sys-
ams, Hie hoarmoe-receplor complex 15 coapled o
dfector prolens by guanosine triphosphate (6°71°)-
inding proleins (G proteins). The celfector proteins
isually are cnzymes, clther adenylyl cyclase or
shaspholipase C. When 1he clicctor protelns arc
wellvated, o scecond messenger, cither cAMP or 112,
‘ihositol 1.4.5-riphosphale), s praducad, which sim-
Mifies the original hormaonal signat and then orches-
rates the physiologic actlons,

z.. The three major mechanlsms of hormone action
i target cells are the adenylyl cyclase mechanism,
o which cAMP Is the second messenger; the phos
sholipase C mechanism, In which IPy/Ca?' is the
econd messenger; and the steroid hormone mech-
dism. In additlon, lasulln and Insulin-like growth
actors (IGF) act on thelr target cells by a tyrosine
dnasce mechanism. Finally, several hormones acti-
dale guanylatle cyclase, in which cyclic guanosine
sphosphate feyatls GMP. cGMIPY s the socond
nessenger. The threc major m(.t_h.mmm‘. of hor-
none action are discussed in Lhis section; the t yrn~
ine kinase mechanlsm Js discussed in tha seciion
it insuling The mechanisms of action of the major
:armoncs arc summarized jn Table 9-3.

i Protcins

G protcins are discussaedd in Chapler 2 In .
ontext of duvtonomic receplars. Driclly, G proteinsg
re a lamnily of membrane-bound proteins that cou-
le hormone receptors to ellector enzymes (c.g.,
denylyl cyclase). Thus, G protelns serve as “molec-
lar switches™ that declde whether the hormone

ction can procecd.

At the molecular level, G proleins arc hetero-
‘iméri¢ (.c., having three subunlts) scrpentlae pro-
sins -that_ span the cell membrance seven iiines,
rinding like a "snake.” The thrce subunits are desly-
ated as alpha (), beta (B), and gamma (¥). The «
ubunit can bind ecither ‘guanosine diphosphate

0 BRI

(GI) or GTP, amcd it containg GTPase activiiy, When
G s hoaned to the a sulsinit, the G protein is
Inaecitve; whan GFI* s Bound, the G protein s active
and ean perform s conpling funetlon,

G prateins can be clther stUmuladtory or nihibi-
Tory mnd are ealled, aveordingly, G, or G SHda-
tory or lhibilory activity renfdes by e v subuandl,
which are called o, or o,

In summary, when GTP is bound to the «, sul»
unit of a G, protein, the G, prolein stinndares the
clfector enzyme (e.g., adeaylyl cyclasc). When GTP
is bownd 1o the o xgbhunit of a G, protein, the G,
proleln fnfiihits the elfclor enzyme.

Adenylyl Cyclase Mechgmism

The adenylyl cyclase/cAMP mechamsm is uti-
lized by many hormonal systems (sce Table 9-3).
This mechanlsm involves binding of a hormone to a
receptor, coupling by a G, or G, protein, and then
actlvation or inhibltlon of adenylyl cyclase, leading
lo increases or decreascs in intracellular cAMP
cAMP, the second messenger, then amplifies the hor-
!mm.‘;l shtal to produce ‘the final physlologic ac-
CroiN,

The steps in the adenylyl cyclase/cAMP mechi
nism are shaown in Figure 9=5. In this example, the
harmone utifizes a G, protein (rather than a G, pro-
tein), The receplor-Geaclenylyl cyclase complex is
imbeddecd in the cell membrane. When no hormone
is bound Lo the receplor, the o, subunlt of the G,
protein binds GDP, Ja this configuration, the G, pro-
tein ls Inactive, When hormione Binds Lo Its receplor,
the G, protein is activated, and the lollowing slops
OCCU

1. Hormone binds Lo its receptor in the cell
membrane, producing a conformational change in
the «, subunlt (Step 1), which produces two
changes: GDP 1s released [rom the «, subunlt and Is
replaced by QTP and the «, subunit detaches from
the G, proteln (Swep 2).

2. The «.GTP complex mlgrates within Lhe
ccll membrane and binds to and actlvates adenylyl
cyclase (Step 3). Activated adenylyl cyclase cata-

TABLE 9-3. Mecchanlsins of Jllormone Aclion

\denylyl Cyclasé: """ Bivospholipase C

Sterold Hormone

Tyrosine Klaase Guanylate Cyclase

cchonlsm {cAMP) Mecchanlsm (IP/Ca-) Mechanism Mechanism #echanlam (cGMP)
T it CGluracorléalds fnsualin Atrlal nalriuretie hormone
; " THRH Eslrogen 1GE-1 Enduthelial«lerived relaxing
it : - GHIRH rogesierone lactor (EDRE)
5H .. Anglalensin It Teslosteraone Nitric oxide {NO)

ADH (V| receptor) - Aldosterone .

DH (Y, n::cplur)
CG

Oxytncin
1] o« Receptors Thyrold hormences
tH
slciionin
TH
wCagon

anet {1, receplomn

1,25-ihydroxycholecalelierol
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Figure 74-5 An enzyme-linked receptor—the leptin receptor. Tf.le
receptor exists as a homodimer (two identicat parts), and leptin
binds to the extracellular part of the receptor, causing phosphory-
lation and activation of the intracellular associated janus kinase 2
(JAK2). 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. JAKZ
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). ! T e
+ Qne example of an enzyme-linked receptor is the
leptin receptor (Figure 74-5). Leptin is a hormone
]s)iirftt?sd by faF cell§ and has many physiological effects,

especially important in regulating appetite and

' energy balance, as discussed in Chapter 71. The lep-







