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Functions

Functions to regulate the bodies activities
 Works in conjunction with the nervous system
— Effects are longer acting and are more generalized
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* Secreting cells release
hormones

e Hormones are carried via
the bloodstream to
target cells somewhere

in the body
— Target tissues

— Target organs

[Greek for “to excite”
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* Hormones are simply mediator molecules that have effects on
cells in the local environment, or in a distant part of the body

— Some hormones, called autocrine hormones are local hormones that
are secreted, and bind to the same cell.
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Types of Hormones

* Hormones as mediator molecules ...

— Paracrine hormones are local hormones that are secreted into
interstitial fluid and act on nearby cells

Paracrine receptor —
o Q
o Q
OQO Q T o o Q
_ . Q O
Paracrine
Paracrine cell Nearby target cell
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* Mediator molecules ) ndocrine

Blood

— Endocrine hormones are .
capillary

secreted into interstitial 9 Circulating hormone
fluid and then absorbed
into the bloodstream to be

carried systemically to an | \

y. 4 4 Hormone —<2) %’J \~
cell that displays the bt / /
appropriate type of D Q Q
receptor

Distant target cells

(a) Circulating hormones
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e Hormones interact with each other to maintain homeostasis
— Negative feedback or feedback inhibition
— Positive feedback
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* Endocrine hormones control a variety of physiological
processes. Among other things, they:

— Balance the composition and volume of body fluids
— Regulate metabolism and energy production
— Direct the rate and timing of growth and development

— Exert emergency control during physical and mental stress (trauma,
starvation, hemorrhage)

— Oversee reproductive mechanisms
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* Tend to have widespread effects
* Hormones act on distant tissues

— Specific effect on specific target tissues
— Some have many targets, some have one

* Important role in the regulation of body functions
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Comparison

Feature

Endocrine

Nervous

Overall Function

Regulation of effectors to maintain
homeostasis

Regulation of effectors to maintain
homeostasis

Control by regulatory feedback loops

Yes (endocrine reflexes)

Yes (nervous reflexes)

Effector Tissues

Virtually all tissues

Muscles and glands only

Effector Cells

Target Cells (throughout the body)

Postsynaptic cells (in muscles and glands)

Chemical Messenger Hormone Neurotransmitter
Cells that secrete the chemical messenger | Glandular epithelial cells or neurosecretory | Neurons

cells (modified neurons)
Distance traveled (and method) Long (bloodstream) Short

Location of receptor in effector cell

Plasma membrane or within the cell

Plasma membrane

Characteristics of regulatory effects

Slow to appear, long lasting

Appear rapidly, short lived
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Location

= Medulla
Adrenal
« S
Stomach

Pancreas
(Islets of Langerhans) 47

Duodenum £

Thyroid Parathyroids

Cortex

- Follicle

0

rPo
0 AR

" Q00

Sperm-
prodlflcing
a4 cells
Testis 9
(male)

# &~ Endocrine
cells

* Organs of the endocrine system are
located in many locations of within

the body
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Glands

Endocrine glands

| Vesicles
Blood

Exocytosis

Exocytosis
Acinus

Endocrine

tissue Reabsorption

o Duct of ions

Secretion
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* Ducts carry their secretory product to
a surface

— Sweat
— Mammary
— Digestive enzymes

1 Secretory
| portion
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e Are ductless

e Secretory product (hormones)

are released directly into the (1 livee The hormone.
_ " T X . Z » travels

b | OOd ' The hormone diffuses from r"l "_q")‘_ ] t}\ | :::_,Ogggf %
the extracellular fluid into fl‘ ‘A :' ) ¢ v ‘!k’ ¢ A - v

the bloodstream

Blood carries them to their
specific receptor sites
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* When stimulated, an endocrine gland will release its hormone
in frequent bursts, increasing the concentration of the
hormone in the blood
— Hormone secretion is regulated by:

* Chemical changes in the blood (Humoral)

 Signals from the nervous system (Neural)
e Other hormones (Hormonal)

— Most hormonal regulatory systems work via negative feedback, but a
few operate via positive feedback
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Control of Hormones

(a) Humoral stimulus

@ Capillary blood contains
low concentration of Ca2*,

which stimulates...

Capillary (low Ca2*
in blood)

Thyroid gland
(posterior view)

Parathyroid
glands

Parathyroid
glands

PTH

@ ...secretion of parathyroid hormone

(b) Neural stimulus

@ Preganglionic sympathetic fibers
stimulate adrenal medulla cells...

CNS (spinal cord)

Preganglionic
sympathetic
fibers

Medulla of
) adrenal gland

@...to secrete catecholamines

(PTH) by parathyroid glands. PTH acts to (epinephrine and norepinephrine)

increase blood Ca2*.

(c) Hormonal stimulus

@ The hypothalamus secretes
hormones that...

Hypothalamus

@ ...stimulate
the anterior
pituitary gland
to secrete
hormones

that...
Thyroid Adrenal Gonad
‘ _cortex (Testis)
i ~ \
t‘ \
LAY i
|
s L
P L}
al®

@...stimulate other endocrine glands
to secrete hormones
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* May be classified in many ways
— Function
— Chemical structure
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* Function
— Tropic Hormones
* Target other endocrine glands and stimulate their growth and secretion
— Sex Hormones
* Target reproductive tissue
— Anabolic Hormones
* Stimulate anabolism in target cells

— Many others...
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Classification

Steroid Hormones

Manufactured from cholesterol
All are chemically similar
Are lipid soluble

Examples
— Cortisol
— Aldosterone
— Estrogen
— Progesterone
— Testosterone

Non-Steroid Hormones

e Synthesized from amino acids

Proteins (have long chains of amino acids)

Glycoprotein (proteins with carbohydrate
group)
Peptide (small chains of amino acids)
Amino acid derivative (from a single amino
acid)

* Amines (from tyrosine)

* lodinated amino acids (tyrosine synthesized
with iodine)
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* Hormones find specific receptor sites in the target tissue
e Tissues may have many different types of receptor cells

* Target tissue may be localized or may be diffuse throughout
the body

— Hormones may work together to produce synergistic effects (1 +1 =
3)

— Some combinations produce permissiveness

e Small amount of one hormone allows another to have full effect
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* Endocrine system typically produces excessive amounts of
hormones, more then actually needed by the target tissue
 Some are carried by plasma proteins
— Must be released from protein first

* Unused hormones are either excreted by kidneys or broken
down by metabolism
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* Receptor sites
— Plasma membrane
— Interior of the cell

e Steroid hormones
— Lipid soluble

e Non-steroid

— Do not easily cross the membrane so typically find receptor sites on
the surface
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Solubility of Hormones

Lipid Soluble

[ Lipid-soluble hormone
“ (thyroid or steroid)

Nucleus

— Hormone

Nuclear
receptor

Water SOI u b | e Water-soluble hormone

(glucagon, prolactin)

Membrane-bound receptor

Adenylate
cyclase

/N

Cellular responses
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Steroid

“°"“°”e\ 1. Steroids diffuse into the

Cell membrane Ce”

| Slow process |

I{ /{‘ II

! O Pee. 2. React with receptor sites
WVRRRER i / " on the cells interior
B / 3. Enters the nucleus where it

/Hormone— 4/ : u .
Hormone | —receptor N 7 effects specific genes in the
M/receptor complex % 2 DNA
molecule __ %%

4. Production of messenger
RNA (mRNA) which diffuses
into the cytoplasm

------------ i A 5. mRNA directs synthesis of
mRNA on ribosomes proteins at the ribosomes

directs protein synthesis

i Cytoplasm
Rictous Protein

Activated
DNA (genes)
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Non-steroid

4/ Peptide hormone
(first messenger)
Hormone <‘ 1. Hormone attaches to

receptor N N - e RRIo- Cell membrane receptor protein (First
molecule DS of target cell messenger)

2. This activates another
membrane protein (adenyl
cyclase)

3. Adenyl cyclase reacts with
. ATP and removes 2P to

Cyclic AMP . .

(second messenger) create cyclic adenosine

o | 3 monophosphate (cyclic
Qﬁgﬁtgd AMP) - Second messenger
@ Triggers responses: 4. This produces the changes
™ . « Enzyme regulation in cellular activity sought by

Il
- 5 el ol the hormone
permeability
changes

’ P
) \
y
| | § / J ¥y . A -

Fast process
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Stress
i '« Hormones are very potent

I o * This demands very narrow limits to maintain
! homeostasis

Pneptiine into e blocasreamy | ©  CONLION

* — Feedback loops (most are controlled by negative

e feedback mechanisms)
* — Some endocrine glands release hormones in

Decreased SNS stimulation response to Other hormones

1 — Nervous stimulation to support system

Decreased epinephrine release
into the bloodstream
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@ Input: Information @ Output: Information
is sent along afferent Control is sent along efferent
pathway to control Center pathway to effector.
CEIE Afferent Efferent
pathway pathway
Receptor

Receptor
etects cﬁange. @ Response
of effector feeds

WB’ back to reduce
i 4/ the effect of
@D{is:g; us - ‘?’CE stimulus and
ghange in _— returns variable
variable. VARIABLE (in hlam?ostasis)ﬁ_ | to homeostatic level.
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Diurnal Variation

Cortisol (nmol/L)
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Serum GH Growth hormone
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Testosterone (M)
Cortisol

Adiponectin

Insulin
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Endocrine System

ORGANS OF THE ENDOCRINE SYSTEM
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Pituitary Gland (Hypophysis)

* Known as the master gland

e Secretes hormones that regulate the function of many other

glands in the body

* Located at the base of the brain in the cranial cavity located

below the hypothalamus

Optic chiasma Third ventricle

— Thalamus Hypothalamus
A

Pineal gland

Optic
chiasma

Mamillary body

Infundibulum Infundibulum

Pituitary
diaphragm

Neurohypophysis
Pituitary
(hypophys's)

g s
Nasal cavity -
i ’J\rk o Pars intermedia Adersoh sl
7 enohypophysis
HF | Pars anterior

Sphenoid bone
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Pituitary Gland

HYPOTHALAMUS

(Gonadotropic hormones)
Follicle-stimulating  Luteinizing
hormone (FSH) hormone (LH)

both act on

Biood (muscles of uterus)

inflow

POSTERIOR ~ et
\ PITUITARY / (mammary glands)
Adrenocorticotropic \
~ Antidiuretic
\ hormone (ADH)
B 78 N
(adrenal cortex) / ‘ \ \
roid-stimulat Growth hormone Melanccyte-stimula Prolactin
Thgomone (TSI-‘lr)‘g (GH) ho:ocmgne (MSH)mg
5 (kidney tubules)
thyroid) bone and most (melanocytes ;
(thy ( e 3 e (mammary glands)
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* Part of both systems
* Functions as ‘biological clock’
e Secretes Melatonin

Thalamus

Pineal Gland —— EaElamus
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Thyroid Gland

* Very vascular organ found in the neck

e Consists of two lobes (with one on each
| side of the trachea)

. * Hormones released

— Thyroid Hormone (may actually be stored
for later use)

— Calcitonin
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Thyroid Gland

Heart
function

7N

T3 T4 Calcitonin

Bone health

Digestion |

IV

- “ i Parathyroid

Kidney clearance rate

, Muscle

Brain development contractions | '

and nervous system Bone . production
health '

hormone
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* Found on posterior surface of
thyroid

* Releases parathyroid g
hormone

Parathyrond
glands
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Parathyroid hormone (PTH)

VTN

Bones Kidneys Intestines
Release calcium Reduce Calcium Activated vitamin
clearance D helps absorb

Vitamin D activation calcium in gut
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Adrenal
4 gland Capsule

Medulla Cortex
Blood

vessels

Kidney
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Adrenal Gland

Zona glomerulosa Zona fasciculata Zona reticularis
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Adrenal Gland

Table 32-2 Hormones of the Adrenal Gland

Hormone Target Site Effect

Adrenal Gland, Cortex

Cortisol Most cells Stimulates release of amino acids from skeletal muscles, lipids from adipose
(glucocorticoid) tissue, and glucose and glycogen from liver (mimics effects of glucagon);
antiinfl ammatory effects

Aldosterone Kidneys, blood Increases renal absorption of sodium and water (more so in the presence of

(mineralocorticoid) antidiuretic hormone) and increases urinary loss of potassium; net increase in
blood volume

Estrogen Most cells Stimulates development of secondary sexual characteristics

Progresterone Uterus Stimulates uterine changes in preparation for gestation

Testosterone Most cells Stimulates development of secondary sexual characteristics

Adrenal Gland, Medulla

Epinephrine/ Muscle, liver, Stimulates cardiac activity; increases vasoconstriction; stimulates

norepinephrine cardiovascular system glycogenolysis; raises blood glucose levels

Norepinephrine Muscle, liver, Stimulates vasoconstriction

cardiovascular system

© Jones & Bartlett Leaming.
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Hypothalamic-Pituitary-Adrenal Axis

Stressors
Circadian
rhythm (physical, emotional, including

fever, hypoglycemia, hypotension)

* A complex set of direct influence and
feedback mechanisms among the

Neurotransmitters

three endocrine glands '
NNTMﬂ
— Hypothalamus
— Pituitary gland = o/ T
— Adrenal glands /
* Controls reactions to stress and helps Pty < —S7—
regulate other processes T O e
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Sympatho-Adrenomedulary System

External

TRESS The HPA Axis

R

Perceived

CRH (corticotropin-
releasing hormone)

) Corticotrope cells of
‘ ( Anterior pituitary To target in blood

=Y

Adrenal

medulla
° 0. = o "/c \
©®  Catecholamines Mineralocorticoids Glucocorticoids
o © ® (epinephrine and norepinephrine) © 4 © >
o © o
Short-term stress response Long-term stress response

« Increased heart rate « Retention of sodium and t Gluconeogenesis
+ Increased blood pressure water by kidneys + Insulin Sensitivity
« Liver converts glycogen to glucose and releases glucose to blood « Increased blood volume ¢+ GH ¢T3
« Dilation of bronchioles and blood pressure + Immune/Inflammatory Response
« Changes in blood flow patterns leading to increased alertness, t Fat & Protein Mobilization

decreased digestive system activity, and reduced urine output
+ Increased metabolic rate
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Aot Alpha cell Beta cell

Adrenal
gland

Islets of Langerhans

»~ Duodenum
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Pancreas

Alpha cells (A Cells) Glucagon T -

Insulin Somatostatin
Beta cells (B Cells) Insulin o e
Delta cells (D Cells) Somatostatin ‘ == Glucagon | | VIP P
PP Cell Pancreatic Polypeptide ' J e

Insulin enhances Somatostatin regulates
glucose uptake the endocrine system
and metabolism inhibits insulin and

in the cells glucagon secretion

Glucagon causes Vasoactive intestinal peptide
the liver to convert  stimulates secretion of water,
stored glycogen electrolytes, relaxation of enteric
into glucose smooth muscle, increase motility
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Pancreas

e Acini cells

* Serous fluid containing Enzymes (d,
digestive enzymes into gestive system)

Exocrine Cells @ e

1

wormones (endocrine syst

digestive system " Y
- em) l

Endocrine Cells
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Gonads

prostate gland

seminal vesicle fallopian
tube

uterus

vas

ovary
deferens

vagina
testis

scrotum

urethra
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Gonads

Hypothalamus
seminal vesic
| I
Pituitary
v

¢

o

penis

LH FSH

o &

Testis Ovary

cervix

Testosterone
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First trimester Second trimester Third trimester
Placenta  Ovary

("Umbilical cord 4 HCG mm
Progesterone mm
Estrogen mm

Progesterone

[ Amniotic sac |

Hormone concentration

First trimester Second trimester Third trimester
(first 3 months) (second 3 months) (third 3 months)
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Thymus Gland

Thymopoietin

Thymosin |  [Somatomedin
B4 C
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Gastric and Intestinal Mucosa

e Ghrelin

* Gastrin 3
. : lncreaséd acid
* Secretin o

/
7 7 Inhibition

& >

4 /

* Cholecystokinin-pancreozymin

s x 7’ ’:
(CCK) | e
N ’ Exocrine Endocrine

pancreas pancreas

-o/ /"f‘

I— insulin
release

i Materials enter NUTRIENT

— jejunum UTILIZATION
'( . ’ ‘ BY ALL TISSUES
o ~—/\ Nutrients
Dilation of absorbed
capillaries
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e Atrial natriuretic hormone (ANH)
— Also known as ANP (Peptide)
+ . Cardiac distension

— Promotes Na* secretion Sympathetic stimulation
Angiotensin |
'l' | TGFRl
m—ﬁémg —> |Renin «<——

l ,I,Anglll & /

Vasodilation Aldo

Blood Blood Natriljresis
lPressure 'l'Vqume Diuresis



