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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 =2 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’
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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

Hormones 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, TSH

MSH, PTH, CRH H
Glucagon, Calcitonin

Catecholamines

Retinoic acid #

ANF (atrial natriuretic
factor),

MO (nitric oxide) "

TRH, GnRH

catecholamines

Acetylcholine (
CCK, Gastrin

Vasopressin +
Oxytocin, PDGF ’

Insulin

Somatomedin -
EGF, FGF

PDGF, CGSF

NGF, 1GF

IL, GH, PRL, TNF,

Adiponectin,

Leptin, Resistin, *
Erythropoietin

Glucocorticoids
Mineralocorticoids
Estrogens,
Progesterone
Androgens
Calcitriol, Thyroxine

)*



2#

oM<
NN N



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

(Vy-receptor), MSH, PTH, caleitonin, 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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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 adwltthwood)

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 rmmomes
(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 ﬂ
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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Pineal gland (Melatonin release)

 Natural Sleepin

Jght
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. 28

Suprachiasmatic

Nucleus {SCNI
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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 conrvinues
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 - o:00am
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.
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Fig.Showing ,The secretory activity of many endocrine glands is
H "~ GH controlled by the nervous system.
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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
Fromtal | | | ; 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

Ak Rk A Nt

Hypothalamus [ .

Hypothalamus [/

Neurons that
produce hormones
released from
posterior pituitary

T Pituitary

stalk



Figure 16.12a The Hypothalamus

Optic Infundibulum Tuberal Mamni ltary
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

Adenohypophysis

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
3;( +5*3
* 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)

Luateinizing harmone (LH)

Thyroid-stimulating hormone (IS5H)

Prolactin (PRL)

Crowth hormone (GH|

Melinocyle-simulating hormone [MSH)

HORMONES OF THE ANTERIOR PITUITARY

fulrenovcnlcoureple hormone {(ACTTL

Adrenal copex

Female: Ovaries
Male: Testes

Female: Ovaries

Male: Tosips
Thyroid gland

Female: Mammary glands
Male: Not known

Almost every cell in the body

Melanocyles

HORMONES STORED IN THE POSTERIOR PITUITARY

Antidiuretic hormone (ADH) (also called

vasopressing

Oxytocin (OT)

Kidney

Smooth muscle inarteriole walls

Female, Uleras, mammary glands

Male: Smoath muscle of male
reproductive tract

Stlmulaes production of conlooswmdd honmones

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

Fermale: Stimulates ovulation, estrogen and progesterone synthesis
in ovary
Male: Stimulates androgen synthesis In (estes

stimulates thymoid 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 syntwesis of melanin and dispersisn of melanin grinules
in epidermal cells

Stimulates reabsomption of water from urine in kidneys

Stimulates vasoconstriction in arerioles of bedy, thereby raising
blood pressune

Fermale; Stimulates smooth muscle contraction in vierine wall;
stimulates milk gjection from mammarny glands

hdale: Stimulates contraction of smooth muscle of male
roproduclive tract
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Nuclei of hypothalamus
Paraventricular nucleus

Supraoptic
nucleus

Optic

chiasm

Adenohypophysis—

(a)

v

Third ventricle of brain
Floor of hypothalamus
Median
B eminence
Pars Hypothalamo-
tuberalis Pyp;:uphysaal ~Neurohypophysis
rac
Anterior& 8 |\ \— Stalk
lobe \ Posterior
- lobe
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Hyperosmolarity Angiotensin

Decreased atrial
receptor firing

Sympathetic
stimulation

Vasopressin
V4 Vs,

Increased Systemic Increased
Vascular Resistance Blood Volume

‘ Increased \

Arterial Pressure



Oxytocin stimulates uterine B
contractions and pushes e
. o fetus toward cervix
(4) Oxytocin carried in from from fetus
bloodstream to uterus POSIEHOERIDIALY
: Induces oxytocin
I-Eead of I‘elus pushe "’“’"“’” on uterus
v . > Stimulates uterus
to contract
‘Cﬂ:} Emin mimumtﬂ-ﬁ planema to make
pituitary gland to
secrete oxytocin
Nerve impulses from 3 ft"ﬂ:‘o";f O
cervix transmitted to brain .M" of uterus

Faarson Education, Inc., publ Banjamin Cummings.
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* LIGHT TOUCH feeling secure feeling frightened

* SUCKING privacy feeling watched
el L dim lighting bright lights
LGRS RS T e sttabigers

- MASSAGE-LIKE STROKING katich questions

. SEXUAL STIMULATION comfortable environment uncomfortable environment
- CALM & SUPPORTIVE relaxation thinking

ENVIRONMENT

Positive feedback
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* 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.

500 g |
lodide pool &
(ECF) ‘ G
(150 ug 1)
Thyroid pool ) B
(8000 g 1) . f P
75ug | 75ug 1
(Tq+ Ta) (Ta+Ta) g .
\ Hormone pool
(600 ug 1)
485 g | 15ug | by
(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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Bio-synthesis and Secretion of Thyroid Hormone
lodide Transport l,f"f .--—_—-}
Thyroglobulin { Na+ —
Synthesis H.*i: ° —
Oxidation o f f -
lodide HIE- .
Organification| |- ' -
floedination) Ma* _Q_,.
Coupling '
Storage
Secretion

retion

droplet

Hadl. Guyion and Hall TaeDonk of Medecal Pryvsioiogy. 131h Bditkan
Lopynghs & JE1 1 Dy Saunibes, an imprenl of Eisewier, nC. Al rghes esensed
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Hypothalamus | = ~
l Peripheral tissue Blood Thyroid follicular epithelial cell Follicular lumen
TRH | =
TG
® .
v t
Anterior pituitary f——=)——— - Oxidation |
b
l Somatostatin . Z,,I{Jrganiﬁcatmn
TSH Downstream thyroid Thyroid A
J} function Deiodinase per:.mdase f -mﬁ
T il G _pir
MIT.DIT methimazole _DIT
Thyroid follicular cells \ Thyroid | Coupling
l Yﬁ’ peroxidase | reaction
TSI i = 2.
Tl T, I . ,T’r'T! 16 :?H TG :?#T
é 5'-deiodinase {to circulation) Proteases | -—T: Endocytosis | -T:
Effector organs AL
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Thyroid Hormones
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Thyroid hormones
(T3/T,)
SOURCE

FUNCTION

REGULATION

[odine-containing hormones that control the body’s metabolic rate.

Follicles of thyroid. Most T'; formed in target
tissues.

Bone growth (synergism with GH)

CNS maturation

t B, receptors in heart=1 CO, HR, SV,
contractility

t basal metabolic rate via t Na™/K*-ATPase
activity = t O, consumption, RR, body
temperature

t glycogenolysis, gluconeogenesis, lipolysis

TRH (hypothalamus) stimulates TSH
(pituitary), which stimulates follicular cells.
May also be stimulated by thyroid-stimulating
immunoglobulin ('T'SI) in Graves disease.
Negative feedback primarily by free T4/T} to
anterior pituitary (4 sensitivity to TRH) and
hypothalamus (4 TRH secretion).

Wolft-Chaikoff effect—excess iodine
temporarily inhibits thyroid peroxidase
— | iodine organification — 4 T,/T,
production.

T; functions—+ B's:
Brain maturation
Bone growth
B-adrenergic etfects
Basal metabolic rate t

Thyroxine-binding globulin (TBG) binds most
T,/T, in blood; only free hormone is active.

+ TBG in hepatic failure, steroids; 1t TBG in
pregnancy or OCP use (estrogen t TBG).

T, is major thyroid product; converted to T; in
peripheral tissue by 5-deiodinase.

T binds nuclear receptor with greater athnity
than T}.

Thyroid peroxidase is the enzyme responsible
for oxidation and organihfication of iodide as
well as coupling of monoiodotyrosine (MIT)
and di-iodotyrosine (DIT). DIT + DIT =T,
DIT + MIT =T,.

Propvlthiouracil (PTU) inhibits both
thyroid peroxidase and 5-deiodinase.
Methimazole inhibits thyroid peroxidase only.
Glucocorticoids inhibit peripheral conversion

DfT_i_ to T..



Thyroid gland

Thyroid hormone

BLOOD VESSELS KIDNEY

¥ N

4 NOS activity 4+ Renal 4 Inotropy
vSVR blood flow 4 Chronotropy
4 Renin-angiotensin- 3 4 Sodium : A¢CO
[ aldosterone systern] [reabsorption] 4 Blood volume
4 Blood pressure
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Pituitary

Turns off

TSH

Turns on
Thyroid
CONDITION: Normal

TSH Normal
T4 Normal

Hyperthyroidism

Low
High

Hypothyroidism
Primary

High
Low

Hypothyroidism
Secondary

Low
Low
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