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The Endocrine System
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Endocrine glands versus Exocrine glands
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Hormones

Target most body cells producing diverse effects
and their control include:

*  Reproduction

*  Growth and Development
 Maintenance of Electrolyte, Water and Nutrient

Balance of the Blood
*  Regulation of Cellular metabolism, and energy balanc

*  Mobilization of body defence

Autocrines Paracrines Phermones
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Characteristics of Hormones
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Chemistry of Hormones
we have 2 main Catgowso\o 010Ny
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Vary from simple amino acid derivatives (thyroxine) to
peptides to proteins

e Steroids (stewidal based) ( Hydsphbic
Synthesized from cholesterol - j c ot g e o Rl el

_,Wwhat isthe differace betwaon aminoasiol based and Skeroids ?
1) Receptors For stersidal Hormonsy must be loated inside the cell

wereos aming acid Rased Hormane, —, Recptars ase Located aft- Hue coll memborane »
2) Stecoidal horaone Cannet be shuied inutie cell o Xod
while amino acids con be stored inVessicals . S0 - o Q¢
S P& v

v J (A e 6 pekie
oecsmlmswz’v

Copyright © 2004 Pearson Education, Inc., publishing as Benjamin Cummings .o 0« m dunb



Summary of the Endocrine System
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—1 Pineal gland

Anterior pituitary

Thyroid

Parathyroid
Thymus
Heart

Liver

Stomach and
small intestine

Pancreas

Adrenal cortex

_ | Adrenal medulla
J

" Kidney

Skin

Testes (male)

| Qvaries {female)

Placenta (pregnant

|
‘\
|
‘ Adipose tissue

females only)
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Posterior pituitary

Gland oy cell?
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1 Gland

Clusters of neurons

Extensions of
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Cells

‘ Cells

Celis
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i Gland

Gland
Cells

Cells
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Glands

Cells
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Chemical class

Amine

Peptides

Peptides

Peptides

lodinated amines
Peptide

! Peptide

Peptides

Peptide

Peptides

Peptides
Peptide

; Stercids

Amines
Peptide
Steroid

| Steroid

Steroids
Peptide
Stercids
Peptide
FPeptide

Stercids
Peptide




Summary of the Endocrine System Cont.

——

Hormone

Melatonin

Trophic hormones (see Fig. 7-13)
See posterior pituitary

Oxytocin (OT) \{you\"pw"‘“s

Vasopressin (ADH)— WP Hrloenn
Prolactin (PRL)

Growth hormone (GH, somatotropin)
Corticotropin (ACTH)

Thyrotropin (TSH)

Follicle stimulating hormone (FSH)
Luteinizing hormone (LH)

Calcitonin (CT)
Parathyroid hormone (PTH)

Thymosin, thymopoietin
Atrial natriuretic peptide (ANP)

Angiotensinogen
Insulin-like growth factors (IGF)

Triiodothyronine and thyroxine (T, Ty)

Unclear in humans

Anterior pituitary

Breast and uterus

Kidney

Breast

Many tissues
Adrenal cortex
Thyroid gland
Gonads
Conads

Many tissues
Bone

Bone, kidney
Lymphocytes
Kidneys

Adrenal cortex, blood vessels, brain
Many tissues
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Circadian rhythms, Other effects uncertain

Release or inhibit pituitary hormones

Milk ejection; labor and delivery; behavior

Water reabsorption

Milk production

Growth and metabolism

Cortisol release

Thyroid hormone synthesis and release

Egg or sperm production; sex hormone production
Sex hormone production; egg or sperm production

Metabolism, growth and development
Plasma calcium levels (minimal effect in humans)

Regulate plasma calcium and phosphate levels
Lymphocyte development
Increase sodium excretion

Aldosterone secretion, increase blood pressure
Growth



Summary of the Endocrine System Cont.

Gastrin, cholecystokinin (CCK),
secretin, and others

Insulin, glucagon, somatostatin (55),
pancreatic polypeptide

Aldosterone
Cortisol
Androgens

Epinephrine, norepinephrine

Erythropoietin (EPO)
1,25 Dihydroxy-vitamin 24 {calciferol)

Vitamin D,

Androgen
Inhibin

Estrogens and progesterone
Ovarian inhibin
Relaxin (pregnancy)

Leptin
Estrogens and progesterone (P)

Chorionic somatomammotropin (CS)
Chorionic gonadotropin (CG)

Gl tract and pancreas

Many tissues

Kidney
Many tissues
Many tissues

Many tissues

Bone marrow
Intestine

Intermediate form of hormone

Many tissues
Anterior pituitary

Many tissues
Anterior pituitary
Uterine muscle

Hypothalamus, other tissues
Many tissues

Many tissues
Corpus luteum of ovary
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Assist digestion and absorption of nutrients

Metabolism of glucose and other nutrients

Na* and K homeostasis
Stress response
Sex drive in females

Fight-or-flight response

Red blood cell production
Increase calcium absorption

Precursor of 1,25 dihydroxy -vitamin D,

Sperm production, secondary sex characteristics
Inhibit FSH secretion

Egg production, secondary sex characteristics
Inhibit FSH secretion
Relaxes muscle

Food intake, metabolism, reproduction

Fetal and maternal development
Metabolism
Hormone secretion



PRIMARY ENDOCRINE ORGANS

Major endocrine organs: When we fulK dloosk Hre endocrine organs e e O which

r&muo —"l?oFficllor 8 “! WQM“M
* Hypothalamus and pituitary gland / e roohs: eferl fhe R

* Pineal gland

* Thyroid gland and parathyroid glands
* Thymus

e Adrenal glands

* Pancreas

e Gonads
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Hypothalamus and Pituitary Gland

 Hypothalamus in brain

* Pituitary gland

 Anterior lobe
e Posterior lobe

e Infundibulum -l Conflection Befueer l}jpe“ﬂowaml ﬂlvikzgglwl.

Prlmar enclocrme Or ans :

-Hypo thalamus end Pl"v sy gland: Hypobilamos, is Bmd"lj Conneded to the Pll'oi"ng 3|o,d

the connackion between H pothalamy us andl pi ibvikaey qland
C (nFundibolum 4 & pﬂtwov Pﬁtzlw
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Hypothalamus & Pituitary Gland

\ +Brain

>
e/ iy

A=
Anterior Infundibulu@
pituitar

Hypothalamus

Posterior
pituitary

Pituitary gland

g \ 3
(b) Pilr“i‘vg flood.

(a) Spinal cord
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Pituitary gland anatomy
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Infundibulum is the stalk

that connects the pituitary

to the brain.
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7 Posterior pituitary is an

" e extension of the neural tissue.

do N ate calls
~~ Sphenoid bone  t6 Pmduce
Hormiowes,

Anterior €———————» Posterior v et m e JE g

Anterior pituitary is a true

What we Dndmsi‘maleneommcd'oly ells thal Release Horiviones — |ocdred tn }l/pJ-bnlm . —endocrine gland of epithelial origin.

Relentﬂ/\m content-ido blaod bt ok in Phe bponﬂabmus fcea 0 e Poskicior Pil«kg
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Neural Connection to Posterior Pituitary
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Hormones of Posterior Pituitary

* Antidiuretic Hormone (ADH or

vasopressin)....fiy

e Paraventricular nucleus
e Water balance and Qsmolarity

* Oxytocin

 Supraoptic nucleus

. milk ejection+ \al:orm] MA%
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Blood Connection to Anterior Pituitary

ebotiorpikilry hes aconplosel sy Relbus i oo o

' -+ebec onl sreodde Uk § in ior Priur
Gl hormoney ane lleasad upon bre Mo oF dhe- Neurosecretor; e Pﬂg‘%\e Horm® ?:‘ t;:‘jah;:::m’h;’:m ;f; L::E: PM”J od “""MU o)

ﬂ;:m::n““w | cells — Relase Kocorongy in g Blosd 2 o
8\ ortal vessels- link
two capillary beds

Hypothsiamus it s impMH bocouse i1 maier blood From ofte Sedionto adher Seckon

before il guen by ot Be have avoy lowonc. o
oo _ulg.?_, we_have a: conc.a Hofwiand)
Rem Fom th:?uhmm,

Inflow

[ o o G"IRH
ovood I capillaries Is v

nomones —seZaglr L “ebeltyvhere exchange Ui
Capillary L) i
beg ‘ g occurs between 7
Anterior 7 SR . VR
pituitary 7/ A% blood and tissue >~ =
| a0 - Endocrine cell %@rx ﬁ:‘:’”
wdouarsfm

Outflow of blood

Copyright © 2004 Pearson Education, Inc., publishing as Benjamin Cummings



Tropic Hormones

Loke ackion For the eleose of obher Wormones.
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Affect release of another hormone
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* Releasing hormones

* Inhibiting hormones
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Hormone
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THE PINEAL GLAND

The pineal gland is a pea-sized structure
buried deep in the brain of humans.
Nearly 2000 years ago, this 'seat of the
soul was thought to act as a valve that
requiated the flow of vital spirits and
knowledge into the brain. By 1950,

however, scientists had decided that it
was an evolutionary remnant with no
known function,

Corpus
callosum

Thalamus

About 1957 one of the wonderful coincidences of scientific research occurred. An investigator heard about

a factor in beef pineal glands that could lighten the skin of amphibians. Using the classical methodology of
endocrinology, he obtained pineal glands from a slaughterhouse and started making extracts. His biological
assay consisted of dropping pineal extracts into bowis of live tadpoles to see if their skin color blanched.
Several years and hundreds of thousands of pineal glands later, he had isolated a small amount of melatenin.
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Pineal Gland

* Glandular tissue in brain
* Secretes melatonin

*  Function unknown
* May be involved in circadian rhythms body clock (A

circadian rhythm s a roughly-24-hour cycle in the

physiological processes of living beings)
* Influences the antioxidant activity
e Other roles need research: SAAD & sexual behavior
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Pineal Gland and Melatonin

'
Wi CH0 CH, GH,NH-C— CH
. s T
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= 40— Melatonin is an amine hormene
E derived from the amino acid tryptophan.
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PM. Midnight 6 AM. Noon 3 PM.

Melantonin is the "darkness hormone, ' secreted at night as we
sleep. It is the chemical messenger that transmits information about
light-dark cycles to the brain center that governs the body's
biological clock.

(Adapted from J. Arendt. Clin. Endocrinol. 29:205-229, 1988.)
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Ten years ago scientists and the popular press were trying

to link melatonin to sexual function, the onset of puberty,
seasonal affective depressive disorder (SADD) in the darker
winter months, and sleep-wake cycles. At that time, the only
function supported with scientific evidence was the hormone's
ability to help shift timing of the body’s internal clock, making
it useful in overcoming jet lag. Now there is evidence that
melatonin is a powerful antioxidant that has the potential to
protect the body from the damage caused by free radicals.
For a recent review, see "Melatonin: lowering the high price
of free radicals," News in Physiological Sciences 15:
246-250, Oct. 2000 (http://nips.physiology.org).



Thyroid and Parathyroid Glands
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Esophagus
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{a) Ventral view (b) Dorsal view
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Hormones of the Thyroid Gland

* Two thyroid hormones

. tetraiodothyronine .
4 | yroni l_' Producad by Uagra.o( ;lm/
. triiodothyronine
~  Regulate metabolism — Ve cole of Taod Ty

* Calcitonin + Pamthgmw\ hormon (PTH)

* Regulates calcium levels in blood

e~

—s What pffed would | g0 erpe& to have if we have l-\;pol-hgrao\ism oR \\typopm&yfoidsm OR l—lgpm«ll\droo‘ism oR Uﬁpupwdlgu;im.?

9 l-l»po“ymdism: Mis is asibookion where He Myyroid dosn Rolexe ¢ u},md Hormone bo e blood Shresan.
Which Slows down Mmekloolism —e MaKesgw l-ufd or y\ini/g u&ﬁ ond unade te dee Wyﬁwe
2) l-\ljpopom\»\”(‘odism; Lows Seccehion oR Oecramse in ackivily of PTH o Leod bo de doctease of blasd S caleivan + Inccasein bolood Phosphorus — ( (gulon het Beeks)

3 ypwbyrodsn: Yo g ol 0ty ek oR b —s Hig talcbolsm. + igh Celcion Canc. « g, Hew] e,
G Increase in the secion of 5 & ad CAclonin.
Y “ypupmlhgmielism: Increase in. Baod's cocivan—s o0 Reyieled oot ks, MFW;i logs.
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Parathyroid Hormone (PTH)

Regulates calcium levels in blood
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An organ located In the upper

anterior portion of the chest

Bsteiar bor
cavity just behind the sternum

* Secretes thymosin

- Regulates T cell function

—[Y?MUS i€ mofe i mpedont €or chidien. Immare o



Adrenal Glands

/" Adrenal

medulla |

R\destan
Cockisol
Mgens
-Corbc h&s Al%ﬂh"
\BPGSOF .

% dtenod Cland is divided iako Arenal ke anel Mkl

glomerulosa

fasciculata

— Zona —
reticularis

— Adrenal — | ;

medulia

(b)

malo.

o cliztion: Bl e et Pudpgor boitcor Ve, Adtior bo diophtaam , Vp o {he Kicley,
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Hormones of the Adrenal Gland:

Adrenocorticoids

Ay Mese [ormane Pre Secreted From ( ortecol AR’Q)CE\B_ hidfgs Sf\e‘m" Ajiokinsin Renoll Aldestrone

1. Mineralocorticoids (aldosterone)-. WA it

* secreted from zonae glomerulosa I e e chen Pefion loses o o of Liqids.
* regulates sodium and potassium levels
2. Glucocorticoids (COrtisol) . s e Gos a buer ety 1 it o2 in ign G

¥ I0C(ease . . .
Jnhw».‘?c‘{ * secreted from zonae fasciculata and reticularis
ease Mol

gwee ~© regulates body’s response to stress~s Sl down immone sydem s Jives e,
smmes e regulates metabolism
oo f-o

w23, Sex hormones (androgens ) tetme.

* secreted from zonae fasciculata and reticularis
* regulate reproductive function

s lestertne: Rodueed or femdein low cone. —s Bodly Wgic gfoulh +Sexclrive 4 groummdde"ddf“'h‘: Sex Ol
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Adrenal Medulla

Sympathckic mmm
Pf?ﬁo”\'\mic naruo_amziu\\a — A lichite
Q@té‘%"; J

(orpeds
*Secretory cells = Chromaffin cells

* 80% epinephrine
* 20% norepinephrine

* <1% dopamine

* Under neural control
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Anatomy of the Pancreas

S R Srgorect-
(secretes GRS <o o7 e el 5
somatostatin) S ;-95\: : /.‘\'f/:. .& > —{3«2\:“* A Z
(b) Lo Producss Gragmas-s Cxatriae
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Exocrine Pancreas

Acinar and duct cells secrete fluid

and enzymes into digestive tract
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Endocrine Pancreas

Islets of Langerhans
* Alpha cells - glucagon

- Beta cells - insulin
* Delta cells - somatostatin

- F cells - pancreatic polypeptide_we lule sow oF-Hrew
Used for the dscrinesydom di.
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* Androstenedione
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 Heart - atrial natriuretic peptide (_Aﬁl_’_)—»{age}f K;dngsM}o ncease Sodiomm Cxereki ..

- Kidneys - Erythropoietin (tPo~

» Gl tract - several

Asil- o Cholecystokinin (CCK).- Helps 'm()liﬂos‘-ioﬂ-\- (&wai‘ﬁ
digesban ¢ |° Secretin Regdakesgoddic A, Rauld i of pancreshic Bicatbondle + Os moregplakion..
p‘%e}?mh * Gastrin ~, , ncinﬂ 9as(-ric Mucosd yloulh,éus’ﬁc Mdalily.(-Secdmo(‘ 1l itk Phe Jomach.

» Liver - insulin-like growth factors (somatomedins)~ ld¢sia Cg(aul’n -rdi‘l"’i’""e”IT
« Skin & Kidneys -(calcitrio Rw@& ow lewdh o cakcion + (ore Disess.
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PROTEIN AND POLYPEPTIDE HORMONES:

SYNTHESIS AND RELEASE
NU* \ece e
e O G

v} Golgi

£ apparatus o Messenger RNA on the ribosomes of
the ER binds amino acids into a
peptide chain called a preprohormone.
The chain is directed into the ER lumen
by a signal sequence of amino acids.

Preprohormone -
los mote exHor
Peic&_, 2

é Enzymes in the ER chop off the signal

sequence, creating an inactive
prohormone.

The prohormone passes from the
ER through the Golgi apparatus.

Secr ory vesicles containing enzymes
0 ohormone®idnff the Golgi. The
enz m into one
or more active peptides plus additional
peptide fragments. \J e

‘ r'laoplasmlc
reticulum (ER)

The secretory vesicle releases its
contents by exocytosis into the
extracellular space.

Extratcellulare 5\5 = ol
space

The hormone moves into the circulation
for transport to its target.
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Peptide hormone processing

(a) PreproTRH (thyrotropin-releasing hormone) has six copies of the 3-amino acid hormone TRH.

processes to : ST
Preprohormone > Hormone + Other peptides sequence
TRH
il W
0 0 R § - QOO0 +

PreproeTRH (242 amino acids)

(b@gus;such as pro-opiomelanocortin, the prohormone for ACTH, may contain several peptide sequences with biological activity.

processes 10 : Other peptide
Prohormone -~ Active hormone(s) + fragments
C‘Q%— %of “‘f@l‘;
Pro-opiomelanoccortin ACTH v lipotropin B endorphin Fragment

{c) The peptide chain of insulin's prohormone folds back on itself with the help of disulfide (S-S) bonds. The prohormone cleaves to insulin
and C-peptide.

Insulin
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Protein and Polypeptide Hormone Receptors

Hormane Come ad affadhed on @ Receebt 00 te (& (vomberonc P Wﬂ& (\\\'\")r// ;& ‘“955924’"

Q"}( AQ'A-AZ'AMW
/s hdide (€ ' ‘H—7
» Surface receptor—se.—

 Hormone binds

* Transduction

* Enzyme activation
« Open channels 7P

« Second messenge =5
systems =

e |
Svynthesis %ﬁ‘e’t"@{ﬂ T
o S,( cqng Qecdee\@___, M%mwwwm/zﬂd o = Tyrosine kinase Wl‘ K'A""m

AE = Amplifier enzyme C&L?n(ww
Q

/ G = G protein
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Steroid Hormones: Structure and Action

|§mﬂg§
 From cholesterol, lipophilic, enter target cell,

- Cytoplasmic or aucleanreceptors (mostly)
(L, Reclr i Cloplisn,/ntee K4 O o Qo Re0b. ( age sl o

« Activate DNA for protein synthesis

’ . =l - achion is Slowes than he ackion of Amino Acid.
Slower aCtIng, Ionger half IIfew) Eﬁmaﬁofmoj:(l\&idellormqkkm/cwmbis

(pam,.
* Examples: cortisol, estrogen & testosterone
Sex. Hemos, -
—_——
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Steroid hormones are derived from cholesterol

% Chdestrods & o tain compoient o Seidod T

. thl Kmd or ogwdwawepd bofnd

“({mmg_) Cholesterol is the (IDH3
?;r:::tsmizomd H—C—Cth St &mol-k ER_.U)’I\Ichﬂ'aJoqo (jpids
. Cha ch, > O—CH, + .
—— In Ovonier 0nce Femle Ouoldio —suind gﬁm\*m% hormones. 2 | lydoPhebic. Composes
Chonge *)
Hhein Fordkion aud shoat-
by Stow chobstrol HO
4D moch. > Hgy Con,
Soilks nug_.) modified by enzymes
bo to make sterold
Rrodce e ol pgedtnne hormone[s such as
r' —
. Adrenal In adrenal cortex In ovary
ayes.  cortex
o Rt
S N L ‘
Y CHa0H
i I i Ovary
i 0 ,
}‘«" noe ¢=0 o
/ HO CH HO CHa OH CHg
ChHa CHy
¢ < HE ;
Aldosterone Cortisol Estradiol

{an estrogen)
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Steroid hormone action

“ Steroid
hormone:

Cell surface receptor

Rapid responses

{)Cytoplasmi
O

ol

e Conc-

9 By pd—the 3
Interstitial Hig
fluid [

Endoplasmic
reticulum

Cell membrane

T

5 1 0

Translation

New proteins 7

A

Transcription

produces mRNA ‘
J
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Most hydrophobic steroids are bound
. o plasma protein carriers. Only unbound
hormones can diffuse into the target cell,

Steroid hormone receptors are in the
. cytoplasm or nucleus.

e The receptor-hormone complex binds

to DNA and activates or represses one
L Of More genes.

Activated genes create new mRNA
that moves back to the cytoplasm.

e

e Translation produces new proteins
- for cell processes.

-

Some steroid hormones also bind to
membrane receptors that use second
messenger systems to create rapid
cellular responses.

| -



Amine Hormone Structures and Functions

e Made of 1-2 amino acids

* Receptors
e Surface
* Intracellular

* Small size, OH group
* Benzine ring

 Examples
* Thyroxin
* Epinephrine
% Hhege bypes ane amecled togathee by “Tyrosia
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Amine Hormone Structures and Functions

Tyrosine
is the parent amino acid for
catecholamines and ;hyroid hormones,

Ta Ty

' , v ]
4

| (Gatocholamings————» Depomine | Thyroid Hofmones
| are made by medifying the mrepwﬂlfme are synthes:zed from two tyrosines |
side groups of tyrosine. \'-,p nprvene and iodine (1) atoms.
/
LT (rieige | =SS
I heir. tain kmgw Loy
c
: | | // N
Bopeuise —Br%i 0 o7 ou
Ho T T i Thyroxine (Tetraiodothyronine, T4)
7
W‘@T—T_N\ W&W&{'&j ﬁ"d’n bf‘oél'&. From l-lyroielﬁlo«al
H
OH H

Norepinephrine I ' "l‘ T H
7
HO o) C—GC—N
= - B O O TN
(l: (lz N/ | ¢ /C i
HO ) — N
I N 0/ OH
H a

o Trilodothyronine (T3)
——

Epinephrine
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Comparison of Peptide, Steroid, and Amine Hormones

AMINES
PEPTIDE HORMONES STEROID HORMONES CATECHOLAMINES THYROID HORMONES
Synthesis and storage Made in advance; Synthesized on Made in advance; Made in advance;
stored in secretory demand from stored in secretory precursor stored in
vesicles Precursors vesicles secretory vesicles
Release from parent Exocytosis Simple diffusion Exocytosis Simple diffusion

cell

Transport in blood Dissolved in plasma Bound to carrier Dissolved in plasma Bound to carrier
proteins proteins

Half-life Short Long Short Long

Location of receptor On cell membrane Cytoplasm or On cell membrane Nucleus

nucleus; some

have membrane
receptors also
Response to receptor- Activation of second Activate genes for Activation of second Activate genes for
ligand binding MESSENLZEr systems. transcription and messenger systems transcription and
May activate genes translation. May have translation
nongenomic actions
General target Madification of Induction of new Maodification of Induction of new
response existing proteins protein synthesis existing proteins protein synthesis
and induction of
new protein synthesis
Examples Insulin, parathyroid Estrogen, androgens, Epinephrine, Thyroxine (Ts)
hormone cortisol norepinephrine
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Endocrine Reflex Pathways: Overview

Whet’s e pltuny (e Honane? oy vl Kl b b e b e i)

e Stimulus (lncease in Blod Sugon)
*\nsdm is 0.pod Qample for Ngydtive feadbock

: 5095 o Dl Sy i+ Ragrsin b Gt Srse
* Afferent signal e g ot ey iz
m&huglmgsbd
Sugan. |eved.

* Integration ( \n‘rgm}m Cerlor s oeze )
e Efferent signal (the hormone) Kb
* Physiological action <. juse e, conlaiving ieslice

* Negative feedback —. e Adion.
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A simple endocrine reflex: Parathyroid hormone

e Sense e Galciunn @0 iy Gl
1 2 Cohencwe et oo G of Caleiven _Dicably s lhe pondiyeid
/ Parathyroid co
hormone
_____ Negative feedback __ -l (\jrag;ﬁrtvﬁﬁ— \ °e . goo 4o (_52"““’ Bm‘l?(oid 4_96#‘)
. \-3;0\ “wd Ki Skteom

chagyr

*The ik Siones s Lo (2 Cone N T =
/ o,-’ | ncteage Fne Rebspz

&(/ a2 lacrease we will inhibil fhe MX&»\'@J@X{S / /
0 Negaive Feebock s e pslegond e s NG ey | O Sensarintegrating
ﬂ qusu- &-lgﬂ\e iols i—/’zﬁ/ Qlcivm. G’m Efferent p;th

Stimulus

fuat hagpes khe Ba9y ) Effacior
Boge 2 [ Tissue response
ar‘ . —
kidne (ko Qlood Seom ¢ ) Systemic response

/ l \ K; l-k:(ncreaseeF Qlciomin__ Aénkve
Fealonck

4 Bone [ 4 Kidney J [Production of calcitrol} Plaswe.

: reabsorption of leads to4intestinal
Lt calcium absorption of Ca®*

v

7 o O ] 0 O v " - - - -

™

/ = 3 BN
NS ( 4 Plasma ‘}
--------------------------------------- \l:

e )
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Negative Feedback Loops

Long Loop
Reflexes

}
L
Long loop
negative
feedback
— L]
o \esk :

L\jp.(«\m\\w ‘s\

[ /(avibih N

_Desiet—
/)
Lorg Lo
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Tropic hormone 1
secretion

Tropic hormone 2
secretion

- 4 Hormone 3 secretion

Y

Target cell
response

cummings

Qz:,i pos

: £ odocrin
Short Iloop Grl;ﬂ_’ uo,lwm
eepack | Short s

' Loop

Reflexes

-- -
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Negative feedback

’,

Endocrine Reflex Pathways: multiple stimuli

4 4 Blood

glucose

Ybo Relexe adin Gronn pancereas

~=— Eat a meal l

' R0 Gre

Stretch receptor i
in digestive tract Lblfdg.

Re‘mls'lg_lﬁ [nsulin.
Rduj;p Bled Slucase
lod.

Afferant neurcn

KEY
Stimulus
Receptor
Efferent path
() Effector

[ ) Tissue response

g L{=0 Sensory neuron
{:‘—o Efferent neuron

st
’

&

{ ) Systemic response

Integrating center

1) Llueste lncense

J Netpus [ﬁ"'e"' [fGlucosi uptakej

and utilization

-

o
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Example of Negative Feedback Control:

Thyroid Hormones

START HERE

Hypothalamus

Thyrotropin
releasing hormone
(TRH) secretion

Anterior pituitary

Thyroid stimulating
hormone (TSH)

-

I-.“--.--..-...
~ .
\

secretion
Long loop
negative
feedback
5 Thyroid gland
-
L
-
-
\‘
e 7 S T Thyroid

hormones secretion

v

Target cell
response
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Negative Feedback Controls

Long & Short Loop Reflexes

/

/ (,' Hypothalamus
([~ R
f_\_» = o \\\ \\. = =
h 4/
| ¢ -j
A O
e ' T
i \\
/Anterior \
{ pituitary
N L
Adrenal
o cortex
/_‘);..t‘. ‘:‘ ._ = =
'}._." > -‘; B
A —— pl 3
RS S TRy
s & o=
N o
e '; =

uﬂ%hﬂﬂlawﬁ ;’dﬂﬂb CR“ _ Matedier P,L,\tr& _SACTH

Adrenva&l”‘d )

Corkigel  in e Corken
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Tropic Hormones

Affect release of another hormone

* Releasing hormones
* Inhibiting hormones
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Common Tropic Hormone Pathway

1. Hypothalamus secretes releasing or inhibiting hormone into
capillary bed

2. Blood with tropic hormones enters portal vein

3. Hypothalamic tropic hormones access anterior pituitary
secretory cells through capillary beds

4. Alter release of anterior pituitary tropic hormones

5. Anterior pituitary tropic hormones enter bloodstream in
same capillary bed

6. Travel to distant endocrine gland to trigger release of
hormone
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Control of Hypothalamic Tropic Hormone Release

N-) Hﬂw l‘o CM{TUQ ?

° Neural input 5 As ¢ evm{)‘e e shoeehintheslovade

* Hormonal - negative feedback - T _ et om0 ;ﬁf&

e Circadian rhythm -, degwalesp Gle

e Suprachiasmatic Nucleus of Hypothalamus
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Neurohormones

secreted into the Blood by Neurons

4
O\g}ogn

e Adrenal Medulla—catecholamines Nasopressin. CADY

Fom e ol
* Hypothalamus to:

* Anterior pituitary
* Trophic Hs/
* Growth H./
* Prolactin v/

* Posterior pituitary

* Vasopressin/
e Oxytocin/

Copyright © 2004 Pearson Education, Inc., publishing as Benjamin Cummings



Neurohormones

f HYPOTHALAMUS E)Sh’/tior

Hormone is made LU
- and packaged in | Pl L _

cell body of neuron.

/ //” ¢ \
Vesicles are transported
. down the cell. /\,»}J\("JAYO(-I.OI‘MD('@

. Vesicles containing hormone
‘are stored in posterior pituitary.

POSTERIOR
PITUITARY

ormones are released
into blood. ]
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The hypothalamic-hypophyseal portal system

Neurons synthesizing HYPCTHALAMUS P i
posterior pituitary hormones ¢
' | Neurons synthesizing

trophic hormones release
them into capillaries of
| t_he_portal system.

Capillary beds sl -+— Artery
Endocrine cells release
their hormones into the
second set of capillaries
for distribution to the
rest of the body.

Portal vessels carry the
V \&_—— trophic hormones directly

\ to the anterior pituitary.
A% \\\ﬂ vl

l:gl | & Terminals of

hypothalamic
” neurons
, POSTERIOR
@ PITUITARY

ANTERIOR
PITUITARY

Veins
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Endocrine Control

Stiwoldien ok Pi% Endocrine Gandl Lo

Comas Flam Wighevonen
( L\anl—\ra\omg)

* Three Levels of IntegrationThree Levels of Integration

* Hypothalamic stimulation—from CNS
* Pituitary stimulation—from hypothalamic trophic Hs

* Endocrine gland stimulation—from pituitary trophic Hs

e have o1 endocrine Glnd (e > X Hoer W Low leve! ﬂCath ( W) Releas

oS RE\M Cacpuse
of o Skimd, llomorol Slimolus / Eledrolite (e pffed- Yve
Raos of Wo/mon_
G RdMeQr»@a@.\, ? 2
Ca @g]‘m &jgo e
Sy W/? by o
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Endocrine Control: Three Levels of Integration

@&Q"de C ann P‘ngqs Neurons secreting trophic hormones
[jfaphtcuzvm) e e

: (Dopamlne) %ﬂﬂuﬁhmos kQJ Re[gqgo ﬂm&ﬁmm pthalmus < |
‘ | | GHIH [GrRH | k// e b /

‘~§> -
& 2 , ., N )
sl g v PRH : TRH ‘ CRH T2
g2 T 7 Geulifigvae bl 7 A,
< ox ‘29 Ty ol | GHRH | Portal system | W
- 4 8 CoalfRor— Anterior by
§ : = Qolon s 9 WWI? pltuntary// =
a ) : =
S8 - |
B9 —7 1  —— (€
6 [~ 2 il \\
§ S Prolactin SH ACTH ﬁf‘\% nic. FsIH |_|I-1
< /9 W2 I ; Endocrine
%H ,{ : (Gonadotropins) cells
(on % hm QQ\PGS?C Fom \b@w To target
'WQ'(\‘(' b - tissues
k d\w’l“’ Svd Thyroid Adrenal [Endocnne cells . 4
Wi €2 & £ _gland @ ex of the gronads P\ il.ﬁ,ggm
S7 8588 3| 1§
5828 Thyroid Eoliooons R\e\mm LU‘WL%
A= ° YToH Cortlsol IGFs Androgens ogens,
s é hormones progesterone atfeds \ve
) s \\ \ ////\ l Pior
[ =
5 v ol
(2}
é % Breast Many Germcells | |l Cdﬁcﬁﬂe@[m(
2= tissues | of the gonads
o
=
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Multiple Stimuli for Hormone Release:

Nervous & Endocrine

ood KEY
Al ?gilcose —-— Eat a meal
‘ Stimulus
Stretch receptor Receptor
in digestive tract Efferent path

Effector

Tissue response

=)
=
gi%ﬁ Sensory neuron

Afferent neuron

Efferent neuron

S N\, :

& (\/> Integrating center
g Efferent neuron

"é ¢ ) Systemic response
e g i B -

% Insulin

= - Pancreas}— e

and utilization

v

A p i Blood
" glucose

4 Glucose uptakej

R
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Multiple Hormones Can Target a Cell/Tissue

Stimulus
e Growth H e
¢ SOmatOmEdinS Sensor; neuron
o i
* Thyroxin
* All have receptors on many
tissues

 Stimulate pathways for
growth

:gGrowth?f‘;

R
g.Response:;:
¢ p/
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Hormone Interactions

wHormane dp intowad (with €adv alhs —they ds:

*Antagonism
* Additive
*Synergism

 Permissiveness
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Effects of two hormones oppose each

other
I+ one {pgtense [he Alver (Yodeoge
g Blod 802 e

Example: insulin and glucégon on blood

/
oo ol glucose

S
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We have mare Hran Oﬂ&?ﬂf%ﬂ otk Hgmme H’\g&cfd u/)lgoum
Effects of two hormones favor each

other and sum

DO&) bf‘t’ Won OF BAQOGL



one Morvigne [noeases Be Leud of

effects of two hormones favor each other but
the net effect exceeds the sum of individual

effects . —

Example: Gluc%gon, cortisol, and
epinephrine on blood glucose
_ I W

*f | Peloase. §| (or Ep waiﬂ.@bﬂl-}eMBgM?

(qu; Adikive
One. hce e Rolense & aidénofe.
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Synergism

250 = e~

Qlucagon + Epinephrine + C}tis

o~
ol

Glucagon + Epinephrine

Epinephrine

Glucagon
CCortisol’

=

. 200 —

o))

é —

@ —

wn

o

O -

=

[S)) |

3

o 150 —

m —_—
100 —

|

A4
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Permissiveness

the Releay of Holron effeld- Kre. Koye ¢ Othe folmanie,

— >

One hormone needed for another to exert its effects

Cossse B Qﬁiﬂ&a\o mi’? . W
A Whefe felodb.e § ol "P MUWGW'W
Example 1: Thyroid hormones cause expression of Me,wu‘ W@md@;
adrenergic receptors in bronchiolar smooth muscle

Example 2: Estrogen causes expression of progesterone
receptors inuterus ——— —
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Pathologies

* "NO BAD HORMONES - JUST TOO MUCH OR TOO LITTLE"

* Exogenous medication G Masmolife,
* Replaces & exceeds normal Wmﬁ%w@m
e Cause atrophy of gland

* Hypersecretion: too much
v Tumors or cancer
% Grave's disease- thyroxin (T4)

* Hyposecretion: too little
e Goiter — thyroxin (T4)/

» Diabetes — insu"ni[)mdcé@?_*ﬂo'(/\%\if\é @/w%[}[a:hma
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Pathologies: Over or Under Production

_____ _|H y CRH ] (Hypothalamus)

A_\ ’ /I

_____ | | + ACTH (Anterior pituitary)

:

* Cortisol (Adrenal cortex)

‘——-——-1-————-

Exogenous
cortisol

Target
tissue

~ Response
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Pathologies: Over or Under Production
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Exogenous
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Pathologies: Over or Under Production
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Pathologies: Over or Under Production
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Pathologies: Over or Under Production
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Pathologies: Over or Under Production
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