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Introduction to endocrine
system

Classes of Chemical Messengers

1. Autocrine chemical messengers: released by cells and have a
local effect on the same cell type from which chemical signals
released; e.qg., prostaglandin

2. Paracrine chemical messengers: released by cells and affect
other cell t%/_ es locally without being transported in blood; e.g.,
somatostatin

3. Neurotransmitter: produced by neurons and secreted into
extracellular spaces by presynaptic nerve terminals; travels short
distances; influences postsynaptic cells; e.g., acetylcholine.

4. Endocrine chemical messengers: type of intercellular signal.
Produced by cells of endocrine glands, enter circulatory system, and
affect distant cells; e.g., estrogen
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TABLE 17.1 | Classes of Chemical Messengers

Chemical Messenger Description Example
Autocrine Secreted by cells in a local area; Eicosanoids (prostaglandins, : .
influences the activity of the thromboxanes, prostacyclins, 0®
same cell from which it was leukotrienes) / e .:_ Chemical messenger
esieted | g Autocrine
~
Paracrine Produced by a wide variety of Somatostatin, histamine,
tissues and secreted into eicosanoids o ’*:. >
extracellular fluid; has a :.—Chemical riessanaor
localized effect on other tissues . 9
°
» &'/ .
2V Paracrine
°®
Neurotransmitter Produced by neurons; secreted Acetylcholine, epinephrine
into a synaptic cleft by

presynaptic nerve terminals;
travels short distances;
influences postsynaptic cells

Neuron Neurotransmitter
Endocrine Secreted into the blood by Thyroid hormones, growth
specialized cells; travels some hormone, insulin,
distance to target tissues; results  epinephrine, estrogen,
in co<.)rd|nated regulation of cell progesteron.e, testosterone, e
function prostaglandins

Endocrine



Principal functions of the endocrine
system

« Maintenance of the internal environment in the body
(maintaining the optimum biochemical environment).

 Integration and reqgulation of growth and
development.

« Control, maintenance and Instigation of sexual
reproduction, Including gametogenesis, coitus,
fertilization, fetal growth and development and
nourishment of the newborn.



Endocrine System

Helps to maintain homeostasis by Integration &
control.

Secretion of chemical signals called hormones
that travel through the bloodstream to act on

target cells.



Endocrine versus Nervous system

Nervous System

» performs short term crisis
management

» sends electrical messages to
control and coordinate the
body

* Nerve impulse is delivered by
the axon of a nerve cell called
neuron

Endocrine System

regulates long term ongoing
metabolic activity

uses chemicals messenger called
hormones to “communicate”.

- Hormones alter metabolic
activities of tissues

A hormone is secreted by a group
of specialized cells called gland

Hormones are transported by the
blood vessels

Paracrine communication
iInvolves chemical messengers
between cells within one tissue



Endocrine system

* Includes all cells and endocrine tissues that produce hormones or
paracrine factors

« Following are important endocrine glands
« Hypothalamus
 Pituitary gland
* Pineal Gland
« Thyroid gland
« Parathyroid gland
 Thymus
« Adrenal Gland
« Gonads (testes/ovaries)
« Pancreatic Islet
* Heart
« Kidney
« Digestive Tract



The Endocrine System

Production of ADH,
oxytocin, and

 HYPOTHALAMUS

regulatory hormones

' PITUITARY GLAND .

Anterior lobe;
ACTH, TSH, GH, PRL,
FSH, LH, and MSH
Posterior lobe:
Release of oxytocin

and ADH

Thyroxine (T4)
Trilodothyronine (T,)
Calcitonin (CT)

(Un.d. i -
during adulthood)

Thymosins
(Chapter 22)

DRENAL G DS

Each adrenal gland is
subdivided into:

Adrenal medulla:
Epinephrine (E)
Norepinephrine (NE)

Adrenal cortex:

Cortisol, corticosterone,
aldosterone, androgens

Testis

" (on posterior

PG S e

surface
thyroid gland)

Parathyroid hormone (PTH) |

Melatonin

Renin
Erythropoietin (EPQ)
A Calcitriol
| |(Chapters 19 and 27)

Natriuretic peptides:
ANP and BNP
(Chapter 21)

Numerous hormones
{detailed in Chapter 24)

Leptin
Resistin

' PANGREATIC

ISLETS

— oG

Ovary

Testes (male):
Androgens (especially
testosterone), inhibin

————— Ovaries (female):

Estrogens, progestins,
inhibin

Insulin, glucagon




Hormone structure

1) Amino acid derivatives hormones e.g. epinephrine
Structurally similar to amino acids

2) Peptide hormones e.g. insulin
Chains of amino acids

3) Lipid derivatives hormones e.g. eicosanoids and
steroid hormones (prostaglandin is an example of a
steroid hormone)



Thyroid-stimulating hormone (TSH) Erythropoietin (EPO)
Luteinizing hormone ive organs:
Follicle-stimulating hormone (FSH) Inhibin

ADH xytoec latory ho Insulin, .|
, 0 n, regu rmones glucagon
Pituitary lhyrold

gland:
A hori GH), hi PTH,
et et

Cal n(C'T)

Beeanin

tract: Lym, :

Hormones discussed in Chapter24  Hormones discussed in
Chapter 22

Carbon rings
 and side chains,

o™ | |STEROID HORMONES Siructurally smilar to cholesterl |
o iy Gonads: . EXAMPLE:

Suprarenal cortex.
Androgens Mineralocorticoids ~ Estradiol,an  OH

Progesivs Androgens “’”“& 10
e wo' © 2012 Pearson Education, Inc.



General characteristics of hormones

A. Stability

1. Half-life: The length of time it takes for half a dose of substance
to be eliminated from circulatory system

2. Long half-life: regulate activities that remain at a constant rate
through time. Usually lipid soluble and travel in plasma attached
to proteins

3. Short half-life: water-soluble hormones as proteins, epinephrine,
norepinephrine. Have a rapid onset and short duration

B. Communication
1. Interaction with target cell

2. Lipid soluble hormones pass through cell membrane and usually
travel to nucleus

3. Water soluble hormones generally attach to a receptor site on
cell membrane

C. Distribution

1. Hormones dissolve in blood plasma and are transported in
unbound or are reversibly bound to plasma proteins.

2. Elorrgones are distributed quickly because they circulate in the
ood.



Mechanisms of hormone action

 Each hormone’s shape is specific and can be
recognized by the corresponding target cells

LA /—W _poom o0
m Protein il i W Protein il 1) Xl Protei n o
88554 receptor oaaaasss 85884 receptor RAAEA455 5 receptor

* The binding sites on the target cells are called
hormone receptors.

» Receptors for peptide hormones, are located on the
surface of cell membranes because they can not cross
the membrane to enter the cell

* Thyroid and steroid hormones can cross the membrane
and bind to receptors in the cytoplasm or nucleus
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G Proteins

anc

Hormone Activity

f Protein |:>
Is E. receptor I}ﬂ L
protein ‘G protein
(inactive)
EFFECTS ON cAMP LEVELS l | EFFECTS ON Ca2* LEVELS |
ACTIVATION OF INHIBITION OF
ADENYLATE CYCLASE ADENYLATE CYCLASE; ACTIVATION OF
ACTIVATION OF PDE EXTRACELLULAR
Hormone \ Hormone PHOSPHOLIPASE G
Protein [T TI ] RO T Protein
receptor H“H H H, { L ﬂ I receptor
G protein % 2 ﬁ Protain
= —= — - 4 receptor
[ Adenylate
c'as_e.x 7
7 2 Acts as Opening of !
[lcAMP}| second CYTOPLASM Ca" channels /Entry of
S messenger Enhanced breakdown
of cAMP by A
hosphodiesterase (PDE cls as
Activates il EERERD { ) second
kinase messenger
‘g % Reduction in / 2’
cAMP leads to x Calmodulin
Ogens ion Activates enzyme inhibition RLss = Fhospholipase G
annels enzymes PKC = Protein kinase C U
| 7 DAG = Diacyiglycerol Activates
Exam;‘les: / IP3 = Inositol triphosphate enzymes
* Epifiephrine and norepinephrine
eptors) Examples: Examples:
= Clcitonin « Epinephrine and » Epinephrine and norepinephrine («, receptors)
 Parathyrold hormone norepinephring (ct, recepyors) = Oxytocin
* SDH, ACTH, FSH, LH, TSH * Regulatory hormones of hypothalamus
* (Glucagon * Several eicosanoids

Hormones thdt can not cross the

membrane (e.g. Peptide formones) bind to the receptor on the surface of the cell
Binding of hgrmones to the receptor activate secondapy messenger (in this figure binding of hormone activates G protein, and activated G protein

activates adenylcyclase or activate PDE or activates PLC
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Hormone Effects on Gene Activity

Hormones that can cross the membrane (e.g. steroid hormones) bind to the receptor inside the cell, at the
cytoplasm, or they will enter the nucleus and bind to the receptor at the nucleus and initiate transcription)

Steroid hormone

@ Thyroid hormone

L sTEP 1: STEP 1:
Diffusion through . Diffusion or transport .
membrane L ——————— = across cell e I =
lpids_ 22 [Target cell response] membranc i |Target cell response]|

0
CYTOPLASM  Afteration of norcaseh 1
cellular structure S - )
or activity & Alteration of
4 ( \ }roduct-on cellular activity
STEP 6: ‘ T
Translation and @ STEP 6:
protein synthesis Trans'lanon and_
STEP 2: protein synthesis
Binding to receptors
Binding of at mitochondria
hormone to and nucleus
cytoplasmic _ G | Gugy, =D | @y,
or nuclear e =
receptors ///f/ W N w R
STEP & STEP 5:

Transcription and

y / Transcription and
mRNA productuon i
.ﬁ mRNA production
i ( or =~ Receptor
STEP 4 &
Nuclear | l' S «n' STEP 4:
pore — " \4 fg 980 sethvation 2 §$ Gene activation
[ i
Nuclear | "‘. STEP 3 /
envelope |\ Binding of hormone - Y STEP 3: 1
\

A receptor complex to DNA L' Binding to DNA




Control of Hormone Synthesis and
Release

 Blood levels of hormones:
 Are controlled by negative feedback systems
 Vary only within a narrow desirable range

 Hormones are synthesized and released in response to:
« Humoral stimuli

 Neural stimuli

e Hormonal stimuli
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Control by Humoral Stimuli

Humoral stimuli — secretion of hormones in
response to changing levels of ions or
nutrients in the blood.

« Example: concentration of calcium ions in
the blood

» Declining blood Ca?* concentration stimulates

the parathyroid glands to secrete PTH
(parathyroid hormone)

« PTH causes Ca?* concentrations to rise and the
stimulus is removed

ooooooooo

P = b 3 2+
y \\ =l PTH ——* Osteoclasts — TCa
{ )
\\’/

Endocrin Il

when blood

Ca?* is too low
,/“\\ No PTH secre tion ‘\/ ¢Ca2+

)
N 4

=

Ca?* is too high

(@) capillary blood contains low
concentration of Ca?*, which
stimulates...

Capillary

(low Ca?* in blood)

Thyroid gland
\ (posterior view)

./ Parathyroid
glands

() ...secretion of parathyroid
hormone (PTH)
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Control by Neural Stimuli

Neural stimuli — nerve fibers stimulate
hormone release

* Preganglionic sympathetic nervous system
(SNS) fibers stimulate the adrenal medulla to
secrete catecholamines
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Neuron
‘\\‘ I',
4 {
oAn action potential (AP) in j Y 4 /? <X
aneuron innervating an % —4 >
endocrine cell stimulates Y X ~ g
secretion of a stimulatory — _ 7 D o b 4
neurotransmitter. G FAN
/)

OThe endocrine cell
secretes its hormone into
the blood where it will
travel to its target.

OAn AP in the neuron \
stimulates secretion of an \
inhibitory neurotransmitter. ‘

OThe endocrine cell is v y
inhibited and does not
secrete its hormone. 0 e

Stimulatory
neurotransmitter

Hormone
not secreted

(2)
‘Fv, : :

A Capillary

secreted

(@) Preganglionic SNS fiber stimulates
adrenal medulla cells...

CNS
(spinal cord) | L ke
| || snsfiber

Medulla of

(@ ...to secrete catecholamines

(b) Neural

Figuref.].Bb



Control by Hormonal Stimuli

Hormonal stimuli — stimulation
received from other hormones

* The hypothalamic hormones
stimulate the anterior pituitary

* In turn, pituitary hormones stimulate
targets to secrete still more hormones

(1) The hypothalamus secretes
hormones that...

(2 ...stimulate
the anterior
pituitary gland
to secrete
hormones
that...

Adrenal
gland cort?x (Testis)

o LA
: ° S > ",
o - "lo
o z la »
B “|» o"
e ~ A a *
Y \ A
(@) ...stimulate other endocrine glands
to secrete hormones

(c¢) Hormonal 18



1)

2)

3)

Feedback control of
hormone secretion

Negative feedback: Prevents over secretion of the

hormone or over activity at the target tissue.

Positive feedback: There are two or more variables, if
one increases the second one ,the second one in turn
Increases the first one or the 3rd one. E.g. Ovulation.

Cyclical variations occur in hormone release

19



(a) Negative feedback: the response counteracts (b) Positive feedback: the response reinforces the stimulus

the stimulus shutting off the response loop. sending the parameter farther from the setpoint.
Response loop | I Initial Initial
shuts off F===~[|  stimulus stimulus

| l
= B

| An outside factoris _ !
@ Feedback cycle || ------ | required to shut off (+) :

| feedback cycle. '
I
{ { Stimulus J dStimulus
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Feedback Control of Hormone

Production
Feedback loops are used
extensively to regulate Hypothalamus
secretion of hormones in the (TRH) ‘Xf

hypothalamic-pituitary axis. An —

Important example of a negative

feedback loop is seen in control of Anterior
I i Piturtary

thyroid hormone secretion T

S é* hypothalamus

- 1 releasing hormone (TRH)

- anterior pituitary 4= ==ssssss=q

: l TSH @ ?eee%aég/gk E

i thyroid gland E -I;;I-::::d

" | ' (T3 and T4}

B o i i 4 thyroxine  ceccccsccss
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Negative feedback effects of cortisol

Hormone

HPA Axis coRT
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Learn the 2 endocrine glands on this slide:
Hypothalamus
Pituitary (hyophysis)

Hypothalamus

Anterior pituitary

Posteri ituit
(adenohypophysis) osterior pituitary

(neurohypophysis)

Hypothalam

Pituitary
(hypophysis)

23




The Pituitary

Pituitary secretes 9 hormones

Two divisions:

. TSH The first four are “tropic”
.ACTH hormones, they regulate the
FSH  function of other hormones

LH
. GH
PRL
. MSH

* Anterior pituitary
(adenohypophysis)

No g~ wN R

’ Posterlor pItUItafry 8. ADH (antidiuretic hormone), or vasopressin
(neurohypophy3|s) 9. Oxytocin
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What the letters stand for...

» TSH: thyroid-stimulating hormone

« ACTH: adrenocorticotropic hormone

« FSH: follicle-stimulating hormone

 LH: luteinizing hormone

* GH: growth hormone

* PRL: prolactin

 MSH: melanocyte-stimulating hormone

 ADH: antidiuretic hormone
« Oxytocin
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Hypothalamus controls anterior pituitary hormone
release

» Releasing hormones (releasing factors) of hypothalamus
Secreted like neurotransmitters from neuronal axons into capillaries and veins to
anterior pituitary (adenohypophysis)
TRH (thyroid releasing hormone) >TSH
CRH (corticotropin releasing hormone) - ACTH
GnRH (gonadotropin releasing hormone) - FSH and LH
PRF (prolactin releasing hormone) - PRL
GHRH (growth hormone releasing hormone) > GH

* Inhibiting hormones of hypothalmus
PIF (prolactin inhibiting factor) - PRL
GH (growth hormone) inhibiting hormone - GH

The hypothalamus controls secretion of hormones which in their turn control
the secretion of hormones by the thyroid gland, the adrenal cortex and
gonads: in this way the brain controls these endocrine glands
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PITUITARY HORMONES FUNCTION

The four tropic ones regulate the function of other hormones:
« TSH stimulates the thyroid to produce thyroid hormone

- ACTH stimulates the adrenal cortex to produce
corticosteroids: aldosterone and cortisol

* FSH stimulates follicle growth and ovarian estrogen
production; stimulates sperm production and androgen-
binding protein

 LH has a role in ovulation and the growth of the corpus
luteum; stimulates androgen secretion by interstitial cells
In testes
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The others from the anterior pituitary...

* GH (somatrotropic hormone) stimulates growth

* PRL stimulates mammary glands in breast to
make milk

 MSH stimulates melanocytes
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From the posterior pituitary (neurohypophysis)

« ADH (antidiuretic hormone vasopressin) stimulates
the kidneys to reclaim more water from the urine,
raises blood pressure

» Oxytocin prompts contraction of smooth muscle In
reproductive tracts, in females initiating labor and
ejection of milk from breasts
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Summary

« Endocrine glands throughout body are key to chemical
Integration and homeostasis

* Protein, polypeptide, amine and a few steroid hormones
are plasma soluble and target membrane

* Surface receptors transduce signals into cell and
activate via second messengers



Summary

* Most steroid and some amine hormones are lipophilic,
can pass into cell, bind on cytoplasmic or nuclear
receptors and activate DNA for protein synthesis

« Hypothalamus, pituitary trophic hormone pathways
coordinate endocrine regulation



Thank you for your attention

Questions?

Questions??



