ENDOCRINE PHYSIOLOGY

PROF. ABDULMAJEED AL-DREES



OBJECTIVES

By the end of this lecture, students should be able to
describe :

— Definition
— Chemical structure
— Paracrine and autocrine

— Hormone receptors, down-regulation and up-regulation
— Intracellular signaling
— Second messenger mechanism (CAMP, IP,)



GLANDS

 Exocrine gland.

 Endocrine gland.



What 1s hormone?.

secreted in a small
amount from endocrine gland directly
to the blood stream In response to
stimulus to cause physiological
responses at the target tissues.



ENDOCRINE GLANDS
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Tanie 81 Commonly Usea AbDreviations In enaocrine Pnysiology

Abbreviation ~ Hormone Abbreviation ~ Hormone

ACTH Adrenocorticotropic hormone LH Luteinizing hormone

ADH Antidiuretic hormone MIT Monoiodotyrosine

CRH Corticotropin-releasing hormone MSH Melanocyte-stimulating hormone

DHEA Dehydroepiandrosterone PIF Prolactin-inhibiting factor

DIT Diiodotyrosine POMC Pro-opiomelanocortin

DOC [1-Deoxycorticosterone PTH Parathyroid hormone

FSH Follicle-stimulating hormone PTU Propylthiouracil

GHRH Growth hormone-releasing hormone SRIF Somatotropin release-inhibiting factor

GnRH Gonadotropin-releasing hormone T, Triiodothyroning

HCG Human chorionic gonadotropin T, Thyroxine

HGH Human growth hormone TBG Thyroxine-binding globulin

HPL Human placental lactogen TRH Thyrotropin-releasing hormone
Insulin-like growth factor TSH Thyroid-stimulating hormone

IGF
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CHEMICAL CLASSIFICATION
OF HORMONES

* Peptides or proteins hormones.

e Steroid hormones.

« Amine hormones.



HORMONES SYNTHESIS

PEPTIDE HORNMONE SYNTHESIS

~— -

Preprohormone

Endoplasmic
reticulum

Prohormone

@ Golgi apparatus

Hormone Secretory
vesicles
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Cholesterol

STEROIDS HORMONES

BIOSYNTHESIS OF ADRENOCORTICAL HORMONES

ACTH
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AMINE HORMONE
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CLASSIFICATION OF STIMULI

e Humoral Stimuli.
* Neural Stimuli.

 Hormonal Stimuli.



Humoral Stimull

 Secretion of

to

Raises blood sugar

INn blood levels of

High blood sugar

Stimulates glycogen
breakdown

Stimulates
glycogen formation

Lowers blood sugar

Stimulates
glucose

/ ®.9 ¢ uptake
Tissue cells from
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insulin
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Neural Stimuli

fibers stimulate

release.

CNS
(spinal cord)
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— Preganglionic
SNS fiber

MNMeaedulla of
adrenal
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Hormonal Stimuli

(1) The hypothalamus secretes
hormones that...
yothalamus

* Release of N
response to 2 e

pituitary gland
to secrete
hormones

produced by other endocrine gzt
gland.

Thyroid Adrenal Gonad
gland cortlex (Testis)
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...stimulate other endocrine glands
to secrete hormones

(c) Hormonal



(a) Humoral Stimulus

(b) Neural Stimulus

(c) Hormonal Stimulus

@ Capillary blood contains @ Preganglionic sympathetic @ The hypothalamus secretes

low concentration of Ca2*,
which stimulates...

= Capillary (low
Ca2* in blood)

| Thyroid gland
Parathyroid| (posterior view)

glands

X/ Parathyroid

(2) ...secretion of
parathyroid hormone (PTH)
by parathyroid glands®

fibers stimulate adrenal
medulla cells...

CNS (splinal cord)

-
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Preganglionic
sympathetic
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Medulla of
adrenal
. gland

o -\ |
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— .:::..:'.‘

(2) ...to secrete catechola-
mines (epinephrine and
norepinephrine)

hormones that...

Hypothalamus

@ ...stimulate

the anterior

pituitary gland

to secrete & »—Pituitary
hormones - gland

that...

Thyroid  Adrenal Gonad
mgland »  cortex (Testis)

f\ | " \\‘
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(3) ...stimulate other endocrine
glands to secrete hormones
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REGULATION OF HORMONE
SECRETION

e Neural mechanism.

* Feedback mechanism.



NEURAL MECHANISM

=

(i) NNesaral

Preganmnglionic
SNS fiber

NMeaedulla of
adrennal
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FEEDBACK MECHANISM

NEGATIVE FEEDBACK

Hypothalamus

Short @

Anterior pituitary = <eesccasssss;

®

7 2>
Endocrine gland ‘
(e.q., testis)

&

Hormone
(e.g., testosterone)

®

/ -
| Target tissue

L (e.g., muscle)

POSITIVE FEEDBACK

Hypothalamus

®

Anterior pituitary |

D
&

Endocrine gland

o (e.g., ovary)

®

~

»
Hormone
L (e.g., estradiol)

/

O

-

| Target tissue
.
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chemicals that exert their
effects on the same cells that secrete
them.

locally acting chemicals
that affect cells other than those that
secrete them.



Response

Response
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(c) Autocrine signaling
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TARGET TISSUE



MECHANISM OF ACTION




RECEPTOR LOCATIONS

» Cytosolic or
Nuclear

enters cell
— Often activates gene
— Slower response

e Cell membrane

can't enter cell
— QOuter surface receptor
— Fast response

Receptor in cytosol

Receptor
In nucleus

Lipophilic signal
molecules diffuse
through the cell
membrane and

bind to cytosolic or | ()
nuclear receptors.

lipophilic signal
molecules bind to receptors
on surface of cell membrane.




Inactive

Active

SECOND MESSENGER

ADENYLYL CYCLASE MECHANISM

Receptor

Hormone (D
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Receptor

Gg protein

Gg protein

5' AMP &
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adenylyl cyclase
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N

_cAMP
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{ .§/.
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Activation of
protein kinase A
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Phosphorylation
of proteins
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(1)Hormone (1st messenger) Adenylate cyclase Extraceflufar fluid
binds receptor.
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Epinephrine g on cyclase. 1o CAMP (2nd anzumas stimulates
ACTH PTH MESSENGEr).  cellular secretion,
EﬁH TSH opens ion channel,

Calcitonin Copyright © 2010 Pearson Education, Inc. etc.) Cytoplasm



Inactive

Active
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Receptor
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Hormone / J
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PHOSPHOLIPASE C MECHANISM

Gg protein ~ ‘ phospholipase C

0(qlﬁl“!

Gq protein phospholipase C

IP3

v

Ca2* released
% protein kinase C from ER or SR

O\

©

.

v

| Physiologic actions |
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Tyrosine Kinase System

« Activated tyrosine

Kinase

phosphorylates TTLR [ arrhvRnt

signaling .'..'.,'. (I AR

molecules 8! ?Aop B
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active anabolic reactions



STEROID AND THYROID HORMONE MECHANISM

I Steroid hormone
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Steroid
hormon?@ Plasma
Extracefifufar fluid _membrane

(1) The steroid hormone
diffuses through the plasma
membrane and binds an
intracellular receptor.

Receptor -Receptor-
protein hormone
A — | complex

| (2) The receptor-
| hormone complex enters
the nucleus.

(3) The receptor- hormone
complex binds a hormone
response element (a
specific DNA sequence).

(4) Binding initiates
| transcription of the
gene to mRNA.

ey | (3 The mRNA directs
A | protein synthesis.

New protein
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lanie -5 Mecnanisms of Hormone Action

Adenylyl Cyclase  Phospholipase C Steroid Hormone Tyrosine Kinase Guanylate Cyclase
Mechanism (cAMP) Mechanism (IP;/Ca**) Mechanism Mechanism Mechanism (cGMP)
ACTH GnRH Glucocorticoids [nsulin Atrial natriuretic
LH TRH Estrogen IGF- peptide (ANP)
FSH GHRH Progesterone Endothelial-derived
TSH Angiotensin Il Testosterone Eilgﬁl;l)g o
ADH (V, receptor) ~ ADH (V, receptor) Aldosterone Nitric oxide (NO)
HCG Oxytocin 1,25-Dihydroxycholecalciferol

MSH o; Receptors Thyroid hormones

CRH

Calcitonin

PTH

Glucagon

B, and f, receptors
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REGULATION OF HORMONE
RECEPTORS

 Dose-response relationship.
« Sensitivity.
 Number.

. Affinity.



DOWN-REGULATION

Decrease synthesis.
Increase degradation.
Inactivation .

T3.



UP-REGULATION

Increase synthesis.
Decrease degradation.
Activation .

GH, prolactin.



INTERACTION OF HORMONES
AT TARGET CELLS

(Thyroid hormone have
permissive effect on growth hormone action)

(glucagon, cortisol and

epinephrine)

Glucagon + Epinephring + Cortisol

Glucagon + Epinephrine

(Glucagon /insulin) E



HORMONE CONCENTRATIONS
IN THE BLOOD

* Concentrations of circulating hormone
reflect:

— Speed of from the body

« Hormones are removed from the blood
by:
— Degrading enzymes
— The kidneys
— Liver enzyme systems



Thank you



HYPOTHALAMIC-PITUITARY
AXIS



OBJECTIVES

By the end of this lecture, students should be able to
describe:

e Structure of pituitary gland (hypophysis)

)

« Control of pituitary gland by hypothalamus

 Feedback mechanisms: positive and
negative feedback



HYPOTHALAMIC-PITUITARY
AXIS

 Coordinate.

 Thyroid gland, adrenal gland,
reproductive gland, control growth,
milk production, osmoregulation.



HYPOTHALAMUS

« Control pituitary gland secretion.

« Composed of number of nerve
cells.









Posterior Anterior

Paraventricular nucleus
(Oxytocin release)
(Water conservation)

Posterior hypothalamus
(Increased blood pressure)
(Pupillary dilation)
(Shivering)

Medial preoptic area
(Bladder contraction)
(Decreased heart rate)
(Decreased blood pressure)

g HYPOTHALAMUS
Dorsomedial nucleus ————__—m——amm
(G.1. stimulation)

Perifornical nucleus

(Hunger) ll ' Supraoptic nucleus
&Igcrea)sed blood pressure) \ (Vasopressin release)
age

Optic chiasm
Infundibulum
Posterior preoptic and
anterior hypothalamic area
(Body temperature regulation)
(Panting)
(Sweating)
(Thyrotropin inhibition)

Ventromedial nucleus
(Satiety)
(Neuroendocrine control)

Mamillary body
(Feeding reflexes)

Arcuate nucleus and periventricular zone
(Neuroendocrine control)

Lateral hypothalamic area (not shown)
(Thirst and hunger)

Figure 40—5 Contro
hypothalamus.
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 TRH.
* CRH.

 GnRH.
e PIF.
 GHRH.

HORMONES



Tanie 92 - dummary or Enaocring Giands and ACtions o Rormones

Gland of Origin ~ Hormones*

Chemical

Classification’ Major Actions

Hypothalamus

Thyrotropin-releasing hormone (TRH)

Corticotropin-Teleasing hormone (CRH)

Gonadotropin-releasing hormone
(GnRH)

Somatostatin or somatotropin release-
inhibiting hormone (SKIF)

Dopamine or prolactin-inhibiting factor
(PIF)

CGrowth hormone-releasing hormone
|GHRH)

Peptide

Peptide
Peptide

Peptide
Amine

Peptide

stimu

Do
stimu
stimu

ates secretion of TSH and
actin
ates secretion of ACTH

ates secretion of LH and FSH

Inhibits secretion of growth hormone

Inhibits secretion of prolactin

dtimulates secretion of growth hormone



zesmcmsamscad Hypothalamus *
, | <
S ——— | ¥ | = | & Somatostatin
(SRIF)
® : O
<,7

EHFFHF"ﬂﬁr‘ﬁtjhrld ﬂﬂﬂﬂﬂﬂ -ﬁt*hryhr-r&})i Anterior pituitary

e

Growth hormone

1

Somatomedins

> Somatomedins

Target tissues
(IGF)

(IGF)
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Low blood glucose
(hypoglycemia)
stimulates release of

@-» High blood glucose

(hyperglycemia)
stimulates release of

. S

GHRH GHIH

\

0

GHRH stimulates
secretion

of hGH by
somatotrophs

&P nhGH and insulinlike
growth factors speed
up breakdown of liver
glycogen into glucose,
which enters the blood
more rapidly

+

Blood glucose level
rises to normal
(about SO Mg/100 mLlL)

+

If blood glucose
continues to Increase.
hvperglycemia inhibits
release of GHRH

O Job ey Wiley & Sons, Inc.

e ————

0 0

/

Anterior
pituitary
gland

—
!,\
—

- —
/// - ——

&P GHIH inhibits
secretion of
hGH by
somatotrophs

&P A low level of hGH

decreases the rate of
glycogen breakdown in
the liver and glucose
enters the blood more

slowly
+

) Blood glucose level

(10

falls to Nmnormal
(about 90 Mmg/100 ML)

A

If blood glucose
continues to decrease,

hypoglycemia inhibits — i

release of GHIH

|

\--------------



TRH

Low blood levels of T
anmnd T, or lovw metabolic
rate stimulate release of

Hypothalamus

J — ___
TRH, carried 1 e
by hypophyseal ~
portal veins to :
anterior pituitary =
gland, stimulates : — %'e\éittegci
release of TSH i reslzleasle 'Osf
by thyrotrophs < i TR anad)
‘\—\__I: l
TSt = — LES =
I
Anterior :
TSH released into J pituitary i
blood stimulates gland i
thyroid follicular cells ¥ £ '
v P 7. and T,
- s e <l ) released into
Thyrond <= = - i S blood by
follicle - > w Tollicular cells
Key:
THRHRH = Thyrotropin releasing horrmone
TSH = Thyroid-stimullating horrmone
T 5 = Triiodothyronine
T, = Thyroxine (T etraiodothyronine)
O Jod ey Wiiley & Sons,. Inc.
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Hypothalamus

l

TRH

1@

Anterior pituitary

|

TSH

l@

Thyroid gland




CRH

Corticotropin releasing
hormone (CRH) |

Hypothalamus

CRH stimulates
release of
corticotropin
(ACTH)

Anterior
pituitary
gland

Corticotropin
(ACTH) :

Corticotropin stimulates 7
secretion of cortisol by /
adrenal cortex J/

Adrenal
cortex

-
i-------------J.-------.--,

CCOT RSO = e o i — " —— —— —— " — o~ o

O Jodey Wiley & Sons, Inc.

Elevated cortisol
iNnhibits release
of CRH by
hypothalamic
nNneurosecretory
cells

Elevated cortisol
iNnhibits release
of corticotropin
by anterior
pituitary gland
corticotrophs



Higher centers

l

------------ > Hypothalamus

}

CRH

. e

------------ > Anterior pituitary

l

ACTH

le

Co rt?sol G Adrenal cortex
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secreting cell

< FPosterior
\ pituitary
]

Anterior
Pituaitary

(selectively )
imnhibits FSH
secretion)

' (selectively
inhibits FSH
secretion)

SGonadotrop e

Developing
folliclie

Inmnhibin

\ Rising. moderate
levels of estrogen

o FIGURE P20 20 Feedback conmntrol ofFf FSH anmnd tomnic LH secretiom
allesring thhe follicussliar phhase.



INhibin <€

( Hypothalamus | @=mmmacn-

-

GnRH

®

--------------@-----------i— C Anterior pituitary ) 4---------@-----------

FSH

®

(sertoi celis )

@

LH

®

(mans)

Paracrine

e T estosterone
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(E2/23)

Hypothalamus

VYV

(E2/03) ‘

~~

GnRH
(E3/830) A4
/=) > Anterior pituitary
( =

A

el
:,’>?

Theca cell

[Androgens }-7‘>

Granulosa cell ——> Inhibins

>[ Activins

=
—‘:>- Progestins
Estrogens
lL £33
B Negative feedback
Positive feedback ‘:>{ Reproductive tract ]
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Copyright

Sound of _— O =ins
child™s cry T centers
o ypothalamus;-/ L N\

L= \
- CO i cen

Oxytocin neuron

FPortal system
) . Yy
Anterior

L Pituitary {

Posteri or
L Ppituitary

Inhibition of
prolactin cells
is removed.

Uopiewojul Aiosuas Buipuassy

4 Prolactin 4 Oxytocin
/ = g N - = [
- b ] Milk

s = s |
¥ . - | SsSecretion
’ -— '>- e —————
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N\ MNMilk Y, Smooth musclie |

contraction ]

— = i

EBaby Mechanoreceptors
suckling = in nipple

Fig.

= 2007 Pearson Education, Inc., publishing as Benjamin

26-23

Cummings.



@ B Hypothalamus
Dopamine TRH

©E l@
\ 4

Anterior pituitary

!

Prolactin

l

Breast
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PITUTARY GLAND

Lamina
lerminalis

Anterior  Oplic
e TeCEss

 Hypophysis.

elcm .

hral artery

Basilar arlery

° 0-5_1 g ram. - e | Pons

Ant

.
of hypophyss







Hypothalamus

HYPOTHALANUS

= Ifundibulum is the stak
that connects the piuary
to the brain.

Pituitary
stalk

Posterior
lobe

Posterior pituitary is an
extension of the neural
fissue,

ANTERIOR «——> POSTERIOR 'h /L Anterior pituitary s &
true endocring gland of

e i, Figure 14:3 The parts of the pituitary gland and 1s relation to the

hypothalamus,
Copyright© 2009 Pearson Edcation, .



STRUCTURE

Anterior lobe

Posterior lobe

Infundibulum.
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Mammillary body

Anterior pituitary corgggm Infundibulum
Pars tuberalis
Pars intermedia Posterior pituitary
Pars distalis l-nfundvibula‘r stalk
Pars nervosa

Hypophyseal fossa
in sella turcica of
sphenoid bone




RELATIONSHIP OF THE
HYPOTHALAMUS TO THE POSTERIOR
PITUTARY

* Collection of nerve axons +supporting
cells.

1- Antidiuretic hormone (ADH).

2- Oxytocin.



] HYPOTHALAMUS

|
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| 'Hormone is made

Paraventricular e i oeceged
nucleus » me tocin cell body of neuron.
Supraoptic | ¢ .rodueed here

nucleus

:M\’lfeisii'clés are transported |
,down the cell,

Hypothalamus /»\ \

fundibulom |/ \\

Hypothalamo- ]

hypophyseal
Lo |

Optic chiasma

Vesicles containing hormone |
are stored in posterior pltunary.

Anterior
pituitary

POSTERIOR
PITUITARY

Posterior pituitar ¢ \/

\
N \l Hormones are released
into blood.




Marillary body

Posteror pitutary — |

HYPOTHALAMO-NEURO HYPOPHYSIAL

TRACT

Neurons Hypothalamic
in the ventral neurons in the
hypothalamus paraventricular nuclei

Paraventricula=' , , Supraopfic
nlcleus / of - nucleus

Hypothalamic
neurons in the
supraoptic nuclei

Optic chiasm

Infundibulum -
\ . (connecting stalk) Superior

Hypothalamic-hypophysial hypophyseal artery
Hypothalamic

tract
hypophyseal tract Hypophyseal portal system
Neurohypophysis D .
(storage area for Primary capillary plexus
hypothalamic ’

e hormones) * Hypophyseal portal veins
. Anterior piturtary
0 il I
Postsiior | NN/ Secondary capillary plexus
lobe ik} Vo [
\ /'7 . Anterior lobe
Venule / | (\: 3 Secretory cells of adenohypophysis
Higure 49=9 Hypothalamic control of the posterior pitutary, Oxytocin /<

ADH Inferior V TSH, FSH, LH,
hypophyseal artery ACTH, GH, PRL

Venule



RELATIONSHIP OF THE
HYPOTHALAMUS TO THE ANTERIOR
PITUITARY

collection of endocrine glands.

1- TSH

2- FSH

3- LH

4- GH

5- PROLACTIN
6- ACTH.



Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

Table 11,6 | Anterior Pituitary Hormones

Hormone Target Tissue  Principal Actions Regulation of Secretion

ACTH (adrenocorticotropic hormone) ~ Adrenal cortex Stimulates secretion of Stimulated by CRH (corticotropin-releasing
glucocorticoids hormone); inhibited by glucocorticoids

TSH (thyroid-stimulating hormone) ~ Thyroid gland Stimulates secretion of thyroid ~ Stimulated by TRH (thyrotropin-releasing
hormones hormone); inhibited by thyroid hormones

GH (growth hormone) Most tissue Promotes protein synthesis and  Inhibited by somatostatin; stimulated by
growth; lipolysis and increased ~ growth hormone-releasing hormone
blood glucose

FSH (follicle-stimulating hormone) ~ Gonads Promotes gamete production and  Stimulated by GnRH (gonadotropin-
stimulates estrogen production  releasing hormone); inhibited by sex
in females steroids and inhibin

PRL (prolactin) Mammary glands ~ Promotes milk production in Inhibited by PIH (prolactin-inhibiting

and other sex lactating females; additional hormone)

accessory organs  actions in other organs

LH (luteinizing hormone) Gonads Stimulates sex hormone Stimulated by GnRH; inhibited by sex
secretion; ovulation and corpus  steroids
luteum formation in females;
stimulates testosterone
secretion in males
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(1) When appropriately
stimulated,

' hypothalamic neurons
secrete releasing and
inhibiting hormones
into the primary
capillary plexus.

@ Hypothalamic hormones

travel through the portal
veins to the anterior pituitary
where they stimulate or
inhibit release of hormones
from the anterior pituitary.

(3) Anterior pituitary
hormones are secreted
into the secondary
capillary plexus.

(b) Relationship between the anterior pituitary and the hypothalamus
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e Both neural and endocrine.
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NEGATIVE FEEDBACK
MECHANISM

Hypothalamus

!

Releasing hormones

|

Adenohypophysis
of pituitary gland

|

Trophic hormones to
target glands

Inhibition l Stirmulation

Hormone secretion
by target gland

|

Raised blood level
of target gland
hormones

!

Utilisation of
hormones—lowered
blood level

Figure 14:-3 IDiagram of the negative fecedback regulatrion of the
secretions of hormones by the anterior lobe of the
pituitary gland.
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