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Hormonal stimulation:
Release of another hormone
triggers release of the hormone

Humoral stimulation:
Changes in level of nutrient or ion in the
blood triggers release of the hormone

Nervous system stimulation:
Stimulation by the nervous system
triggers release of the hormone

@ Anterior pituitary releases thyroid-stimulating
hormone (TSH).

Anterior pituitary

@ TSH stimulates
thyroid gland to
release thyroid
hormone (TH).

Capillary

@ Blood glucose levels increase.

Pancreas

1
1
@ Increased .

blood glucose<a

stlmulafte_ : Increased
paln'creaﬁ .t0=I' blood
release insulin. glucose

@ Sympathetic division is activated.

P

Nerve
signal

Preganglionic axon

@ Sympathetic
preganglionic ‘
axons stimulate \_'
adrenal medulla
to release
epinephrine and

norepinephrine. Epinephrine and

norepinephrine |,

(a)

(b)

(c)
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Neurotransmitters Paracrine
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Receptor

Secreting ceII Target cell

Not a target cell (no receptors)

Secreting cell

Blood vessel

+

Target cell

qu_ggt cell




Endocrine

~ cell
Blood

Circulating hormone capillary
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Distant target cells

4

(a) Circulating hormones (endocrines)

Paracrine receptor —
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Paracrine -
Paracrine cell Nearby target cell
2 Autocrine
s receptor
Autocrine LG
cell =
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Autocrine — 25

{b) Local hormones (paracrines and autocrines)
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. Amino acid derivatives = dopamine, catecholamine, and
thyroid hormone;

. Small neuropeptides = gonadotropin-releasing hormone
(GnRH), thyrotropin-releasing hormone (TRH),

somatostatin, and vasopressin;

. Large proteins = insulin, luteinizing hormone (LH), and
PTH produced by classic endocrine glands;

. Steroid hormones such as cortisol and estrogen;

. Vitamin derivatives such as retinoids (vitamin A) and
vitamin D.




As a rule — protein based hormones act on the ‘cell surface
receptors’ and steroid based hormones act on ‘intracellular

nuclear proteins’




Hormone Class

Components

Example(s)

Amine Hormone

Amino acids with
modified groups

(e.g. norepinephrine’s
carboxyl group is
replaced with a
benzene ring)

Norepinephrine
OH
NH2

HO

Peptide Hormone

Short chains of linked
amino acids

s (G2
(—(e)

Protein Hormone

Long chains of linked
amino acids

Human Growth Hormone

Steroid Hormones

Derived from the
lipid cholesterol

Testosterone

HsC

%



Ca blood contains low Preganglionic SNS fiber stimulates The hypothalamus secretes s
® conpg:lwhaﬂnn of Ca?*, which ® adrenal medulla cells... ® hormones that... (a) Hlllmrd N

Capillary response to
(low Ca** in blood)

Thyroid gland e changing
—rrgangtonic. © iamanr levels of ions
| losscrdt or nutrients in
tht.. the blood
e b = W (b) Neural.

stimulation by
nerves
=¥ (c) Hormonal:
5 stimulation
(2) ...secretion of parathyroid Y = I‘ECEWE}d from
hormone (PTH) [ i
other
hormones
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TABLE 50.1: Mechanism of action of hormones (for expansions

or abbreviations, see Appendix Ma.l)

Group
1A

Mechanism of action

Hormones bind with
cell surface recept-
ors with cAMP as the
second messenger

Hormones having cell
surface receptors; cGMP

as second mes senger

Hormones having cell
surface receptors;
second messenger is
calcium or
phosphatidyl

inositol (PIP2)

Hormones having
cell surface rece-
ptors and mediated
through tyrosine

kinase

Hermones having cell
surface receptors, but
intracellular messenger
is a kinase or utilize
phosphatase cascade

Hormones that bind to
intracellular receptors

Examples of hormone

ACTH, ADH, FSH
HCG, LH, T5H

MS5H, PTH, CRH
Glucagon, Calcitonin
Catecholamines

Retinoic acid

ANF (atrial natriuretic
factor),

MNO (nitric oxide)

TRH, GnBH
catecholamines
Acetylcholine
CCK, Gastrin
Vasopressin
Oxytocin, PDGF

Insulin
Somatomedin
EGF, FGF
PDGF, CGSF

MNGF IGF

IL, GH, PRL, TNF,
Adiponectin,
Leptin, Resistin,
Erythropoietin

Glucocorticoids
Mineralocorticoids
Estrogens,
Progesterone
Androgens
Calcitriol, Thyroxine
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Hormones stimulate adenyl cyclase: ACTH, ADH, Calcitonin, CRH,
F5H, Glucagon, epinephrine, hCG, LH, LPH, M5H, PTH and T5H.

Hormones inhibit adenyl cyclase: Acetylcholine, angiotensin
Il and somatostatin.




Signaling pathways of endocrine hormones

cAMP

cGMP

IP,

Intracellular receptor

Receptor tyrosine
kinase

Nonreceptor tyrosine
kinase

FSH, LH, ACTH, TSH, CRH, hCG, ADH

(V5y-receptor), MSH, PTH, calcitonin, GHRH,

glucagon, histamine (H,-receptor)

BNP, ANP, EDRF (NO)

GnRH, Oxytocin, ADH (V-receptor), TRH,
Histamine (H,-receptor), Angiotensin II,
Gastrin

Progesterone, Estrogen, Testosterone, Cortisol,
Aldosterone, T/T,, Vitamin D

[nsulin, IGF-1, FGF, PDGF, EGF

Prolactin, Immunomodulators (eg, cytokines

IL-2, IL-6, IFN), GH, G-CSF, Erythropoietin,

Thrombopoietin

FLAT ChAMP

BAD GraMPa
Think vasodilators

GOAT HAG

PET CAT on TV

MAP kinase pathway

Think Growth Factors
JAK/STAT pathway

Think acidophils and cytokines
PIGGLET
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Glucagon + Epinephrine + Cortisol

Glucagon + Epinephrine

T

/\Eplnephrlne

Glucagon )
- . Cortisol
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Produwcticon of ADM,

oxytocin, and
regulatory hormomnes

— [ | PINEAL GLAND |
— = oa B Entrim

PARATHYROID GLANDS

PITWITARY GLAMND

Anterior obe:
ACTH, TSH, GH, PRL.,
FSH,. LH, amnd MSH
Posterkor |laobe:
Aelease of oxytoein
and ADH

THYROID GLAMD

Thryrosine| Tyh
Trisadoth yronine] Ty)
Calcitomnin{CT)

THYMUS

(Undeargoes atropiny
during adwltthwo-od)

Thymosins (Clraopteor 22)

ADRENAL GLANDS

Each adremal gland is
subdivided o

Audrenal e ol b
E pinephrine|E])

MNorepinephrines(NE )}
Adremal cortes:

Cortisol, corticosiernamne,
aldosteromne . androgens

{on posterior surface of '
__,,._i:;o-""/d thyroid glarnd) |
Parathyroid hormone (PTH) |

Matriuretic peptices:
AMNP and BNP
Clrrapter Z271)

KIDMNEY
Erythropoietin (EPO)

Calcitriol
(Chapters 19 arnd 27)

MGESTIVE TRACT |

Mumercous o rmmome s
(alertailed iy Clhapter 24)

PAMCREATIC ISLETS
insulin, glucagon

Testes({mala):
Aredrogens (eapacially
testosteraomne ). inhibkin

COvaries (fermale):
Estrogeaens, progestims,

irmdibdar

1



Table 37-1. Hormones and Their Sites of Production in Nonpregnant Adults | Hormones ynthesized in Organs with a Primary Function Other Than Endocrine

Gland

Hormone

Hormones Synthesized and Secreted by Dedicated Endocrine Glands

Pitutary gland

Thyroid gland

Parathyroid glands

Islets of Langerhans (endocrine pancreas)

Adrenal gland

Ovaries

Testes

Growth hormone (GH)

Prolactin

Adrenacorticotropic hormone (ACTH)
Thyroid-stimulating hormane (TSH)
Follicle-stimulating hormone (FSH)
Luteinizing hormone (LH)

Tetraiodothyronine (T ; thyroxine)
Triiodothyronine (Ta)

Calcitonin

Parathyroid hormane (PTH)

Insulin

Glucagon

Somatostatin

Epinephrine

Norepinephrine

Cortisol

Aldosterone

Dehydroepiandrosterone sulfate (DHEAS)

Estradiol-173
Progesterone
Inhibin

Testosterone

Antimallerian hormone (AMH)
Inhibin

Brain (hypathalamus)

Brain (pineal gland)
Heart
Kidney

Adipose tissue

Stomach

Intestines

Liver

Antidiuretic hormane (ADH: vasopressin)
Oxytocin

Corticatropin-releasing hormone (CRH)
Thyratropin-releasing hormane (TRH)
Gonadotropin-releasing hormane (GnRH)
Growth hormone-releasing hormane (GHRH)
Somatostatin

Dopamine

Welatonin

Atrial natriuretic peptide (ANF)
Enthropoietin

Leptin

Adiponectin

Gastrin

Somatostatin
Ghrelin

Secretin

Cholecystokinin

Glucagon-like peptide-1 (GLP-1)

Glucagon-like peptide-2 (GLP-2)

Glucose-dependent insulinatrapic peptide (GIP: gastrin inhibitory peptide)
Motilin

Insulin-ike growth factor type [ (1GF-)









Regulation

Hypothalamus

Pituitary

Glands/targets

Target

hormones

Function

Oestrogen

Progesterone
Androgen T Oestrogen
Prolactin Stress

Inhibin E
3 |

Gnil-l TFEH Dopimfne
Feti TSHI 'mm
! I~

Gonads:;

testes or Thyroid

Breast
¥
ngwtern?m E l
Androgen

§ &

Reproduction Metabolism  Lactation

Osmolality
Intravascular

volume

ADH in
Posterior

Distal Uterus

nephron Breast
Water Parturition

balance Lactation




Hormones Produced to a Significant Degree by Peripheral Conversion

Lungs
Kidney

Adipose, mammary glands, other organs
Liver, sebaceous gland, other organs
Genital skin, prostate, other organs

Many organs

Family
Frogestin

Glucocorticoid

NMumber of
Carbons

21

21

Mineralocorticoid 21

Androgen

Estrogen

18

Angiotensin |l

1 25-Dihydroxyvitamin D (vitamin D)
Estradiol-17(

Testosterone
5-Dihydrotestosterone (DHT)

TE

Table 37-2. Steroid Hormones

Primary Site of

Specific Hormone Synthesis

Frogesterone Cwary
FPlacenta

Cortisol Adrenal cortex

Corticosterone

Aldosterone Adrenal cortex

11-

Deoxycorticosterone

Testosterone Testis
Dihydrotestosterone
Estradiol-173 Chwvary
Estriol Placenta

Primary Receptor
Frogesterone receptor (PHR)

Glucocorticoid receptor (GR)

Mineralocorticoid receptor
(MR)

Androgen receptor (AR)

Estrogen receptor (ER)
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Corpus

callosum
Lateral ventricle Fornix
Third ventricle Thalamus
Anterior Pineal gland
e Corpora
Hypothalamus — quadrigemina

Arbor vitae

Optic chiasma Fourth ventricle

Mammilary body

Cerebellum



EPITHALAMUS
MADE UP OF PINEAL GLAND AND HABENULA

HABENULA

L
¢

PINEALGLAND
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stria medularis
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Pineal gland (Melatonin release)

 Natural Sleepin

ght

v ‘ . i
. 28

Suprachiasmatic

Nucleus {SCNI

Tablet

Output Rhythms

J.( B‘.rl‘1‘s‘r|1-"l

> 4

Physioloqy




o
o

0 Melatonin levels peak in __—r
the middle of the night

60
E
5 20
=
'g 40 The pineal gland begins Melatonin levels
® producing melatonin decline to low
g 307 inthe evening daytime amounts

20 \

10

O‘I l | 1 I |

1200 1400 20:00 03:00 07:00 12:00



Melatonin (pg/ml)

140

120

1C0
80
&0
40
20

MELATONIN VS AGE

Puberty occurs as

1\\____ melatonin declines.

Melatonin conrinues
o decline in middle age.

Melatonin peaks
in early childhood. Piidie penple prodtm
negligible amouncs of

melatonin.

Newborns produce

/ minimal melatonin.

O 10 20 30 40 50 60 70

Apge (vears)




12:00 pm

2:00 am
Deepest Sleep

9:00 pm
Melatonin Secretion
Starts

4:30 am
Lowest Body

Temerature

7:00 pm
Highest Body Temperature -~
6:30 pm

Highest Blood Pressure

Circadian

SR Rhythms - 00 am
5:00 = 6:45 am
:00 pm H ~  Sharpest Blood
Greatest l n u m a n S Pressure Rise
Cardiovascular Efficiency 7:30 am
and Muscle Strength s Melatonin Secretion
3:30 pm Stops
Fastest Reaction

Time

2:30 pm / q
Best . v 10:00 am
I Highest
Coordination ghes
12:00 pm Alertness

Circadian rhythms are physical, mental and behavioral changes that follow

a roughly 24-hour cycle, responding primarily to light and darkness in an
organism's environment.










FUNCTIONS OF THE NEUROENDOCRINE SYSTEM

Along with the nervous system, hormones provide the necessary communication between all
the cells that constitute a multicellular animal

Nervous system-Is involved in rapid transfer of short-term
events and coordination of short-term
events. Electrochemical information
involving neurons.

Neurosecretory cells-Neurons have
electrical activity but involved in the
production and release of neurosecretion
that produces their effect as chemicals.

Endocrine system-Is involved in the integration and
coordination of long-term events through
chemicals called hormones.



Parmvantricul o

. Stimuli Hormones
nucieus
o
Target Gland
tisbhusast CNS
portsl vessels

calls +111
Hypothalamus Wsjp Pituitary
Fig.Showing ,The secretory activity of many endocrine glands is
H "~ GH controlled by the nervous system.
fram tha TSH
anterior LH
piltLsitary FSH



Nuciei of the Hypothalamus

Paraventreuiss Lateral Doreal
nucleus hypothalemic hypothalame
area area

. Anterior ,--*‘." : Posteriar
feaplic commisure J hypothalamic
AL 'l aron
At bt :
hypothalnmic
aroa ) i
Doraomeaial
Fromal | | | nucious
cofax . A 2 -
' | Vontromedial
- F nucieus
Supra-optic
nucleus
/ Mammillary
body
Optic nerve
Oiplic chisam Fosterior
,—f""' priuitary
Anbersor
pituitary

Functions of Hypothalamus.
(AS-RESPECT)

Autonomic functions.
Sleep -wake cycle.
Reward & punishment
centre.

Endocrinal functions.
Sexual behaviour &
reproduction.
Ph(F)ood intake

Emotional & Instinctual
behaviour.

Circadian Rhythm
control.

Temperature regulation.




Hypothalamus

The hypothalamus consists of only 4 cm® of neural tissue, or
0.3% of the total brain.

The hypothalamus extends from the lamina terminalis to a vertical
plane posterior to the mammillary bodies, and from the
hypothalamic sulcus to the base of the brain beneath the third
ventricle.

e

A Gk Rk A Nt

Hypothalamus [ .

Neurons that
produce hormones
released from
posterior pituitary

T Pituitary

stalk



Figure 16.12a The Hypothalamus

Optic Infundibulum Tuberal Mamni llary
nerve (cut) area body

) Midsagittal section through the brain. This view shows the major features
of the diencephalon and adjacent portions of the brain stem.

® 2012 Pearson Education, Inc.



PRINCIPAL HYPOTHALAMIC

POLYPEPTIDE.

Food intake Food intake
increased by decreased by
Neuropeptide Y. Cocacine &

DI’EH?H - A amphetamine

Orexin -B regulated
Melanin concentrating transcript.
hormone. (MCH) (CART)
Ghrelin. CRH



Endocrinal functions.

Anterior Pituitary.(through
Tubero-infundibular tract &
hypophyseal portal system)

Controls Thyroid G.

Controls Metabolism through
adrenal gland.

Keep gonads inhibited.

Control formation of milk by
prolactin secretion.

Posterior Pituitary
regulate water balance

through ADH.

Regulation Of Uterine
Contractility &
regulation of Milk
Ejection from breast

through oxytocin.




RAGE

Rage - violent & aggressive

emotional state by strong Characterized by -
stimulation of Punishment Development of
Centre. defense posture.
Kept in check by Extension of limbs
counterbalancing i}n::tiﬁ.rity of Lifting of tail.
Ventromedial N i_:'t Hissing & splitting
hypothalamus, hippocampus, . S '
amygdala & ant portion of limbic Elperection.
cortex. Wide openings of eye.
Pupil dilation.
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Diffuse Neuroendocrine System

Parathyroid

Adenochypophysis

Thyroid C cells

Thymic NE cells

Bronchopulmonary
NE cells

Miscellaneous
NE cells
Prostate, bladder,
larynx, and other sites

Merkel cells
of skin

Pancreatic
NE cells

Gastrointestinal
tract NE cells

Adrenal medulla/
paraganglion




Pituitary Gland
e, <78
* Also known as Hypophysis Cerebri

* Situated in the hypophyseal fossa in middle
cranial fossa

* Histologically it shows two parts-
Adenohypophysis and Neurohypophysis

Adenohypophysis shows presence of
chromophobes & chromophils

Chromophils are of two types- Acidophils &
Basophils.

* Neurohypophysis- It shows presence of axons
of neuron, cell bodies of which are situated in
hypothalamus. Interspersed among the nerve
fibre few neuroglial cells called as pituicytes.
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Follicle-stimulating hormone (F5H)

Liiteinizing harmaone (LH)

Thyroid-stimulating hormone (TSH)

Prolactin (PRL)

Growth hormone (GH|

Melanocyle-siimularing hormone [MSH)

HORMONES OF THE ANTERIOR PITUITARY

fulrenovenlcoureple hormone {(ACTTL

Adrenal copex

Female: Ovaries
Male: Tesies

Female: Ovaries

Male: Tesies
Thyroid gland

Female: Mammary glands
Male: Mot known

Almost every cell in the body

Melanocyles

HORMONES STORED IN THE POSTERIOR PITUITARY

Antidiuretic hormone (ADH) (also called

vasopressing

Cxytocin (OT)

Kidney

Smooth muscle in arteriole walls

Female, Uleras, mammary glands

Male: Smooth muscle of male
reproductive tract

Stlmulaes production of conlooswmdd honmones

Female: Sumulates growth of ovarian follicles
Male: Stimulates sperm production

Female: Stimulates ovulation, estrogen and progesterone synthesis
in ovary
Male: Stimulates androgen synthesis In (eses

stimulates thyroid hormone synthesis and secretion

Female: Stimulates milk production in mammary glands

Male: May play a role in the sensitivity of the testes interstitial cells
1o LH

Increased growih and metabolism in target cells; synthesis of
soumatomedin in the lver o sumulaie growth at eplphyseal plaie

Stimulates synthesis of melanin and dispersion of melanin granules
in epidermal cells

stimulates reabsomption of water from urine n kidneys

Stimulates vasoconstriction in arerioles of bedy, thereby raising
blood pressure

Fermale; Stmulates smooth muscle contraction in vierine wall;
stimulates milk ejection from mammary glamds

hale: Stimulates contraction of smooih moascle of male
reproduciive tract



pars distalis

pars intermedia

pars nervosa

& Deltagen bic.
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Nuclei of hypothalamus

Paraventricular nucleus
Supraoptic

Third ventricle of brain

nucleus Floor of hypothalamus #
Optic Median
chiasm } eminence
Pars Hypothalamo-
~ |tuberalis hypophyseal |~Neurohypophysis
Adenohypophysis- ; tract 3HS%
Anterior& 8 L \>— Stalk
lobe \ Posterior

lobe

(a)
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Hypothalamic
neuron

Posterior pituitary ADH Increased

reabsorption

of water

#S%h - " * / \\

HPY%
B Blood vessel

Vasoconstriction\

Increased blood voiume
#$% & Increased blood pressure

#$%
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Hyperosmolarity Angiotensin Il

Decreased atrial
receptor firing

Sympathetic
stimulation

Vasopressin
V‘l V2

Increased Systemic Increased
Vascular Resistance Blood Volume

‘ Increased \

Arterial Pressure



Oxytocin stimulates uterine
contractions and pushes

fetus toward cervix \

I-Eead of I‘elus pushe

(4) Oxytocin carried in
bloodstream to uterus

{:3) Brain stimulates
pituitary gland to
secrete oxytocin

Merve impulses from
carvix transmitted to brain

+
from from fetus
ovaries and mother's
posterior pituitary
Induces oxytocin E
receptors on uterus .§
g
Stimulates uterus o
to contract

. S
\ 1 y '- placenta to make
' )
A\ . Stimulate more
vigorous contractions
o \J of uterus

Copyright @ 2004 Fearson Education, In

INSAEARING S Tl

« LIGHT TOUCH

feeling secure

« SUCKING privacy
- FOOD INTAKE dim lighting
- WARMTH

I k
- LIGHT PRESSURE REQREOYERa

- MASSAGE-LIKE STROKING
« SEXUAL STIMULATION

- CALM & SUPPORTIVE
ENVIRONMENT

touch
comfortable environment
relaxation

feeling frightened
feeling watched
bright lights
strangers
questions
uncomfortable environment
thinking
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1) Release of growth hormone:

GHRH release
* Hypothalamus releases

3) Inhibition of growth hormone:

GHIH release =
* High IGF-1 levels perceived by

growth hormone—-releasing
hormone (GHRH)

* GHRH stimulates the anterior

pituitary to release growth
hormone (GH)

GH release

hypothalamus
* Growth hormone—-inhibiting
hormone (GHIH) is released to
inhibit GH release
* GHIH inhibits GH release in the
anterior pituitary

'

2a) Glucose-sparing effect:

» Stimulates adipose cells

to break down stored fat,
fueling growth etffects

=
Adipose cells

2b) Growth effects:
* Increases uptake of amino
acids from the blood
* Enhances cellular proliferation
and reduces apoptosis

Targets:
0 Bone cells
. S
e Muscle cells
-\'_\_ 5 N
[LLAS
4*&‘
=% =« Nervous system
»
. cells

Immune system
cells

Liver releases
IGF-1, further
stimulating

growth effects

2c) Diabetogenic effect:
* GH stimulates liver to
break down glycogen
into glucose, fueling
growth effects

IGF-1 release
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Releasing hormone
(hypothalamus)

— ADH

Releasing hormone
(hypothalamus)

—— GnRH

—— GnRH

—— TRH

——  PRH
(inhibited
by PIH)

—— GHRH
(inhibited
by GHIH)

— CRH

Posterior Pituitary Hormones

Pituitary
hormone

Stores ———— Kidneys,

ADH

OT ———=

Target

sweat glands,
circulatory
system

Female
reproductive
system

Anterior Pituitary Hormones

Pituitary
hormone

LH ——

FSH ——mM»

TSH —m»

PRL —=

GH

ACTH

Target

Reproductive ———
system

Reproductive —
system

Thyroid gland —— =

Mammary e
glands

Liver, bone, ——
muscles

Adrenal -
glands

Effects

Water balance

Triggers uterine
contractions during
childbirth

Effects

Stimulates production
of sex hormones by
gonads

Stimulates production
of sperm and eggs

Stimulates the release
of thyroid hormone
(TH). TH regulates
metabolism.

Promotes milk
production

Induces targets to
produce insulin-like
growth factors (IGF).
1GFs stimulate body
growth and a higher
metabolic rate.

Induces targets to
produce glucocorticoids,
which regulate
metabolism and the
stress response






%

76



E< @N

*<N ENN

< *NQ B (;

3104:

B

;%

* lodine is absorbed from upper small intestine.

* lodine is transported in plasma by loosely
binding to plasma proteins.

* lodine absorption also occurs through skin &
lungs.

* 80% of body’s iodine is stored in the organic

form as iodothyroglobulin in thyroid gland.

“5%”91

Thyroid pool
(8000 ug 1)

lodide pool
(ECF)
(150 ug

75ugl
(Tq+ Ta)

485 pg | 15ug!
(urine) (feces)

Source: Gardner DG, Shoback D: Greenspan's Basic & Chinical
Endocrinology, 9th Edition: www.accessmedicine com
Copyright £ The McGraw-Hill Companies, Inc. All rights reserved.
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