PTA 106

Unit 1 Lecture 2

Introduction to the Endocrine System
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FUNCTIONS OF HORMONES

. Help regulate:

+ chemical composition and volume of

internal environment (extracellular fluid)

+ metabolism and energy balance

* biological clock (circadian rhythms)

= contraction of smooth and cardiac
muscle fibers

+glandular secretions

* some immune system activities.

Control growth and development.

. Regulate operation of reproductive
systems.
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Hormone Interactions
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Patterns of Hormone Action

Target cells or tissue:

Specific cells affected by a
hormone

Endocrine: circulated by
blood to target cells

Paracrine: Hormones that
affect neighboring cells

Autocrine: Hormones that
act on the cells that secrete
them

Endocrine
-~ cell
Blood
Circulating hormone capillary
a0 (endocrine)
o
=2 090 ¢ — %90 0O 0 O g
¥ °l o\
Hormone o =) ¢ o o
receptor

Distant target cells

(a) Circulating hormones (endocrines)

Paracrine receptor —
° o
o =3
-]

Q
1 [
L2 e

o o
Paracrine

Paracrine cell Nearby target cell

Autocrine

receptor
Autocrine

o
cell
] o
ng
o
Autocrine — 24

(b) Local hormones (paracrines and autocrines)
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Mechanism of Action for lipid-soluble or
steroid Endocrine hormones
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Lipid-Soluble Hormones

Aldosterone
Calcitriol
Testosterone
Estrogen
Progesterone
T3 & T4

Free hormone

Blood capillary
:
0 Lipid-soluble
Transport hormene
protein o

J diffuses into cell
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ctivated receptor— Q Qo Receptor

hoermone complex
alters gene
expression
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Newly formed
mRNA directs 4
synthesis of

specific proteins

on ribosomes

o New proteins alter
cell's activity
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Mechanism of action for water-soluble
Hormones

Anterior Pituitary Hormones

Human Growth hormone
TSH

ACTH

FSH

LH

Prolactin

MSH

Blood capillary

)
o°®

Water-soluble ) Binding of hormone (first messenger)

hormone to its receptors activates G proteins,
X which activate adenylate cyclase
Receptor Adenylate cyclase
X / Second messenger
G protein /
@ e Activated adenylate
CAMP i e
~ yclase converts
) ~o ATPtocAMP
Protein kinases ~
- Phosphodiesterase
ED cAMP serves asa  activated  eventually
second messenger protein inactivates cAMP

to activate protein  inases
kinases

o Activated protein

Enzyme 1 kinases phosphor-
I Il ylate other enzymes
Enzyme 2
ADP
Enzyme 1- P 4R
Enzyme 2- P

e Millions of phosphorylated
enzymes catalyze reactions that
produce physiological responses
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Action of the Hypothalamus as the
“Master” Gland

Epithalamus Subthalamus

Hypothalamus:

Controls the activity
of the pituitary gland
by releasing
hormones called
releasing or inhibiting
hormones

(c) Diencephalon
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Action of the Hypothalamus as
the ‘“Master” Gland

Hormone Produced:

Growth Hormone Releasing Hormone or Somatocrinin (GHRH)
Growth Hormone Inhibiting Hormone or Somatostatin (GHIH)
Thyrotropin Releasing Hormone (TRH)

Gonadotropin Releasing Hormone (GnRH)

Prolacin Releasing Hormone (PRH)

Prolacin Inhibiting Hormone (PIH)

Corticotropin Releasing Hormone (CRH)

Dopamine.

* Hormone are released to blood in the Hypophyseal portal artery which
is part of the Hypophyseal portal system. *



Actions of the

Posterior Pituitary or

Neurohypophysis

Neurohypophysis

does not synthesize
hormones, however,
it stores and releases
two hormones
produced by the
neurosecretory cells
of the hypothalamus

* ADH
* Oxytocin
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Actions and Regulation of ADH

€D High blood osmotic
pressure stimulates

hypothalamic
osmoreceptors

e Osmoreceptors

activate the hypothalamic
neurosecretory cells
that synthesize and

release ADH

e Nerve impulses

liberate ADH from

axon terminals in
the posterior
pituitary gland
into the
bloodstream

D

o Kidneys retain
more water,
which decreases
urine output
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e Low blood osmotic
pressure inhibits
hypothalamic
osmoreceptors

Osmoreceptors

receptors reduces or
stops ADH secretion

¢

AN
o™
7/7%

[
Arterioles constrict,
which increases
blood pressure

Sudoriferous
(sweat) glands
decrease water
loss by perspiration
from the skin
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Hypothalamohypophyseal tract

ANTERIOR
PITUITARY
GLAND
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Major Actions of Oxytocin

e Stimulates
contraction of
smooth muscle
cells of the uterus
during childbirth

e Stimulates
contraction of
myoepithelial
cells in the breast
to cause milk
letdown

Hormones Released from the Anterior
Pituitary or Adenohypophysis

Somatotrophs:
Human growth hormone or HYPOTHALAMUS
somatotrophin (hGH) sy o s
Hypothalamic control:
hGH releasing hormone (GHRH)
hGH inhibiting hormone (GHIH)

Superior
hypophyseal
artery

Thyrotrophs: i s =
Thyroid-stimulating hormone Eﬂj@l&’” Y 00T jreon
(TSH) g@?ﬂ‘:%me \ / A o ammry
Hypothalamic control: bt @ %%a::%";"i?y

Sella turcica \ ( il
Thyrotropin releasing posTEROR ' -
hormone (TRH) Inferior hypephyseal artery
(GHIH) S



Hormones Released from the Anterior
Pituitary or Adenohypophysis

e Gonadotrophs:
Follicle-stimulating hormone (FSH)

Luteinizing hormone (LH)
Hypothalamic control:

Gonadotropic releasing hormone
(GnRH)

* Lactotrophs:
Prolactin (PRL)

Hypothalamic control:

Prolactin releasing hormone (PRH)
and TRH

Prolactin inhibiting hormone PIH o1
dopamine
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Hormones Released from the Anterior
Pituitary or Adenohypophysis

Corticotrophs:
Adrenocorticotropic hormone
(ACTH)

Posterior

Melanocyte-stimulating niBans e

hormone (MSH)

Corticotrophin releasing
hormone (CRH)

For MSH inhibition
dopamine
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Supraoptic nucleus
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Endocrine activity of the Thyroid
Gland

/
\

(o)
e
* Hypothyroidism: e
yp y o _\\—/,x
Cretinism: Physical and
mental growth and
development is greatly

retarded

* Hyperthyroidism
Toxic goiter

Graves disease with
exophthalmos

Endocrine activity of the Thyroid
Gland

* Follicular cells:
T3 and T4

* Target Tissue;
Almost all body tissues

* Hormone Affects: ;
Increase body Metabolism |
Increases gluconeogenesis |
Increases glycolysis
Increases Lipolysis

Increased basal metabolic
rate

Increases Heart Rate and
force of contraction
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Endocrine activity of the Thyroid
Gland

* Hypothyroidism: !
endemic goiter: (due to 12
deficiency)

Myxedema: bagginess
under the eyes and swelling
of the face.

Arteriosclerosis: due to
increase in blood
cholesterol

Cretinism: extreme
hypothryoidism during
infancy and childhood

Principle Cells
PTH



Interactions of PTH and Calcitonin

@ caLCITRIOL stimulates
increased absorption of
Ca™ from foods in the
gastrointestinal tract, which
increases blood Ca™' level

) PTH also stimulates
the kidneys to release
CALCITRIOL

e

> () High level of Ca** in blood
stimulates thyroid gland
/' parafollicular cells to release

9

© PARATHYROID HORMONE (PTH)

y

@ PTH promotes release of
Ca®™ from bone matrix into
blood and retards loss of
Ca®" in urine, which
increase blood Ca® level
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€ Low level of Ca** in blood

stimulates parathyroid gland
principal cells to release 4\

€ CALCITONIN (CT)

D CALCITONIN promotes
deposition of blood Ca®™
into bone matrix, which
decreases blood Ca’” level

e

Changes in Calcium Balance

Electrolyte

Causes

Symptoms

Hypocalcemia

Low Calcium
(<4 mEq/l)

Normal Range:

4.5- 5.3 mEq/)

Hypoparathyroidism,
increased loss, decreased
intake, elevated
phosphate

Numbness and tingling
of fingers, hyperactive
reflexes, muscle tetany,
bone fractures, laryngeal
muscle spasms that lead
to asphyxiation

Hypercalcemia
High Calcium

(>11 mEqg/l)

Hyperparathyroidism,
excessive vitamin D,
Paget’s disease

Lethargy, weakness,
anorexia, nausea,
vomiting, polyuria,
itching, bone pain,
depression, confusion,
and coma

9/15/2010

10



9/15/2010

Function of the Pineal Gland

Pineal secretion peaks between the ages of 1 and 5 and
declines by 75% by the end of puberty.

Produces two hormones, serotonin and melatonin.

Melatonin has been implicated in some human mood
disorders such as depression, sleep disturbances, SAD and
PMS. Evidence remains some what inconclusive, but
melatonin is elevated in both SAD and PMS and melatonin
levels can be reduced by phototherapy (exposure to 2 to 3
hours of bright light/day)

Melatonin in other animals controls seasonal breeding
patterns and sexual maturation. Some physiologists
believe it may also regulate puberty in humans

Function of the Pineal Gland

Serotonin is produce by the Pineal, CNS neurons, and GI
entroendocrine cells.

Serotonin is believed to play an important role in
regulation of aggression, body temperature, mood, sleep,
vomiting, sexuality, and appetite.

Low levels (hyposecretion) of serotonin have been
associated with aggressive and angry behaviors, clinical
depression, OCD (obsessive-compulsive disorder),
migraines, irritable bowel syndrome, tinnitus,
fibromyalgia, and SIDS (sudden infant death syndrome).

Hyper secretion leads to Serotonin Syndrome which is
potentially fatal. (usually cause by drug interactions)
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