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Objectives

List Anterior pituitary hormones:
- Know chemical structure / secretion

Describe action of Anterior pituitary hormones

Know conditions related to hypo or hyper secretion of Anterior
Pituitary hormones

Know Mechanism of action of hormones

— Hormone receptors, down-regulation and up-requlation
— Intracellular signaling

— Second messenger mechanism

PN
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Only ENDO chapters included
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ANTERIOR PITUITARY HORMONES

‘ Anterior Pituitary Gland Hormones

0 2 3 A 5 6

TSH FSH LH GH Prolactin ACTH
Anterior pituitary gland hormones
Hormone Target tissue Principle action Secretion regulation
ACT!'I ) . . .. (+):CRH
Adrenocorticotropic Adrenal cortex Stimulate secretion of glucocorticoids O e A
Hormone '
. TS.H . . . . . (+): TRH
Thyroid stimulating Thyroid gland Stimulate Thyroid hormones secretion (-): Thyroid hormones
Hormone '
GH Most tissue Promote Protein synthesis, growth, lipolysis (+): GHRH
Growth Hormone and increased blood glucose (-): Somatostatin
FSH . .
Follicle stimulati Promote Gamete production, and Stimulate
R T estrogen production in female (+): GnRH
Hormone (-): sex steroids and
Gonads Sy
. inhibin
LH Sex hormone secretion:
Luteinizing H Male: testosteron
uteinizing Hormone Female: ovulation, corpus luteum
PRL SR e Promote Milk production in lactating )
. sex accessory o .. (-):PIH
Prolactin SR females. Additional actions in other organs.

Stimulated = (+)
Inhibited = (-)
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Paraventricular nucleus
Supraoptic nucleus
Median eminence

Portal system

Anterior pituitary




PITUITARY GLAND

Anterior pituitary hormones

1) GH 2) Prolactin

- Physiological functions -

- Regulation of GH secretion -
-  Feedback mechanism
- Factors controlling secretion

Physiological functions
Regulation of prolactin secretion

Endocrine gland stimuli may be humoral, neural or hormonal

(a) Humoral Stimulus (b) Neural Stimulus (c) Hormonal Stimulus

@ Preganglionic sympathetic @ The hypothalamus secretes
fibers stimulate adrenal hormones that...
medulla cells...

@ Capillary blood contains

low concentration of Ca2*,

which stimulates...
Hypothalamus

Capillary (low CNS (spinal cord) y
Ca* in blood) >} & k
(@) ...stimulate '

Thyroid gland R :
Parathyroid| (posterior view) \ ) J E e
glade - )(J| — to secrete Pituitary
5 ‘ o hormones gland
——Preganglionic  ¢pa¢ . -
sympathetic
\ fibers ¥
v2d - Thyroid  Adrenal Gonad
‘ Medulla of cortex  (Testis)
adrenal £
. gland \

( sy
ZCapillary.‘_J

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

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

ADENOHYPOPHYSIS

Anterior pituitary gland (adenohypophysis)

Is connected to hypothalamus by portal system:

"hypothalamic hypophysial portal vessels”.

V4
seann
 ——
sea )

(3) ...stimulate other endocrine
glands to secrete hormones
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Growth Hormone (Somatotropin)

- Somatotropic hormone, somatotropin. - 191 AA.
- Somatotrophs.(20%) - MW 22000 kD. - GHRH.

GH and Prolactin are
75% similar in structure

T SumdatoryReceplor ) — | Inhibitory Receptor (R] |
«— Hormoneg Hormone,—> |
|
|
____________________ |
. .
: ___.__@____.” Hypothalamus 'j@—® : :
| |
l Lo | |
GHRH | |
} l L | |
@ i® | ADP-ibosylation by - i |
| —o | S PO
| —
| I —— e _ PoeinknaseA __ __ __ __ __ __ I
| H Gmwh%ormone :
| i
i |
| i .
:%m?gfg)“ns——ﬁ““?fgpf“"‘: GHRH —> Receptor —> Gs Somatostatin (SRIF) —>
“““““““““““ " protein —> AC& PLC —> receptor Gi —> inhibit
cAMP & IP3/Ca —> secretion  generation of cAMP —>
+ synthesis Decrease secretion

Direct effeCT (Mechanism of Action) J

e  GHitself attaches on the dimers receptor "similar as insulin”
and activates it T
e Itsactivation will lead to approximation of these dimeres RRARRRAR
together, and this is called phosphorylation of the receptor > :3'53%‘5%:
then action of that hormone will start
->  Example: Skeletal muscle, liver, adipose

Extracellular)

RRRRRRRAR
S4488548!

Indirect effect (Soma'tomedins)J

e Somatomedin C, 4500-6500 MW

e Anterior pituitary will release GH to act on the liver to
release IGF (somatomedin C)

e  GFswill be transported in the blood through IGF binding
protein (IGFBP) then to the target tissue

e GHinthis type of action depends on somatomedin

e somatomedin is responsible for effect of GH on bone &
cartilage growth and increase the synthesis of proteinin I
skeletal muscles. ' it :

- Insulin-like growth factor (IGF): Somatomedin




Growth Hormone (Somatotropin)
‘ Functions of Growth Hormone

A) Long term effect Promotion of growth:

- 1 cellular sizes & 1" mitosis = 1 tissue growth & organ size T s
- Depends on somatomedin ‘insulin— like growth factor [IGF-1& II] secreted by the liver, W

which is responsible for effect of GH on bone & cartilage growth and increase the synthesis

of protein in skeletal muscles.

Mechanism of bone growth
I. Linear growth of long bones: 2. Deposition of New Bone
- Long bones grow in length at epiphyseal cartilages, |- Increase liner growth. « (1 cell proliferation) on surfaces of

2- Increase metabolism in

causing deposition of New Cartilage (1 collagen cartilage forming cells,

older bone & in some bone cavities,

synthesis) followed by its conversion into bone. 3-Increase proliferation of 4 (- | hass of bones
. chondrocytes.
7 AL e O S el 4- Widening of the - Occurs hands, feets and in membranous bones,
epiphysis at each end, no further lengthening of epiphyseal plate.

e.g. jaw, & skull bones, vertebrae.
long bone occur.

_— Ccompact

B) Short term effects Metabolic effects:

Epiphysis | /e, .

Diaphysis

Direction of growth

protein metabolism (Anabolic) Fat metabolism:  CHO metabolism: Hyperglycemic
(Catabolic)
1 rate of protein synthesis in all cells - Pmobilization of FFA - ¥ Glucose uptake by tissues (skeletal muscles and
throuah: from adipose tissue fat).
2ib stores.

- ¥ Rate of glucose utilization throughout the body.

- 1 amino acids uptake. .
~ e O @ A - PGlucose production by the liver

- MDNA synthesis [ transcription= RNA acetyl CoAtoprovide |
synthesis. energy (1 gluconeogenesis).
- MRNA synthesis [ translation= protein - 1 Insulin resistance (due toFFA)
synthesis. - 1 Blood qlucose (Diabetogenic)

. . . * Cortisol & GH will inhibit glucose utilization causing increased glucose conc.
© ¢pr0te|n Catabollsm " proteln Spa rer" extracellularly, thus cortisol should be used carefully for diabetic patients.

Other Effect of Growth Hormone GH Female slides

*» Increases calcium absorption from GIT

%  Strengthens and increases the mineralization of bone

%  Retention of Na"and K*

<> Increases muscle mass

%  Stimulates the growth of all internal organs excluding the brain
%  Contributes to the maintenance and function of pancreaticislets
3 Stimulates the immune system



Growth Hormone (Somatotropin)

Here is a comparison between a rat injected with GH and another
normal rat, you can see that in certain days, GH will not increase
and will be balanced/controlled in the normal rat 4 iaSa (0 13a 5,
because in the injected rat we can see that the line is going up all

days,

0]
o]

Strenuocus
exercise

© Growthhormone
M
0

(ng/ml plasma)
0

T
12
Midnight

Typical Variations in growth hormone secretion

through the day:
e  Powerful effect during strenuous
exercise.
e High rate during the first few hours of
deep sleep.

e ltis pulsatile every 2h.

400
% |  growth hormone

)
Bie

g

Body weight (gram

100

H

-7 Comparison of weight gain of a rat in
I with growth hormone with that of a normal rat.

During puberty, sex hormones will trigger the
release of GH (estrogen, testosterone). That is

why we grow mainly in puberty.

Important

&~

16H secretion/
Stimulatory factors:

Hypothalamus: GHRH
Hypoglycemia (Fasting/starvation)
=JGlucose concentration
Muscular exercise

JFFAs concentration

1 Protein or AA intake (after meal)
During sleep stage Il & IV "deep
sleep” in children

Arginine

Stress (emotions or trauma)
Ghrelin (stomach)

Hormones of puberty (estrogen)
a-Adrenergic agonists

|GH secretion/
inhibitory factors:

Hypothalamus: GHIH (somatostatin) '

Hyperglycemia (1 Glucose intake) =
1 Glucose concentration

Obesity

1T FFAs concentration

Growth hormone

Senescence

Somatomedins (=IGF)

Pregnancy

B—Adrenergic agonists

Emotional deprivation via either increased
GHIH or decreased GHRH release



Growth Hormone (Somatotropin)

Increase, Stimulates
Reduces, Inhibits

Initial stimulus

Feedback Mechanism

i (IO Hypothalamus secretes growth

1 | GH |nh|b|tS GHRH release. hormone-releaSing hormone

: I GHand IGF-I Inhibits GH (GHRH) and Somatostatin -~ (GHIH)

I I synthesis and release.

| : IGF-1 will stimulate SS, SS o

i, willinhibit GH ~——— Anterior pituitary gland

| 1

1 I Stimulates GHIH release \L @By GHRH

I

I : Ghrelin from

| T mmmmmm————- Growth hormone <—@— stomach

! |

| v v

| Indirect action Direct action

: (growth-promoting) (Metabolic, anti-insulin)

I

| Liver and other

: tissues

| v Produce

— ' Eff
' | Insulin-like growth ' ects
factor (IGF-1)
| Effects

“‘f; ll 1
- Skeletal Extraskeletal g Fat Carbohyd_rate
il o= Metabolism
Increase cartilage slnnct':::ii Zr:dte;:” Increase fat Increase blood

formation and y rowtii and breakdown and glucose and other

skeletal growth gro . release anti-insulin effect

proliferation

Regulation & Effects

Pituitary Hormones: Summary of Regulation and Effects

HORMONE (CHEMICAL

STRUCTURE AND CELL TYPE) REGULATION OF RELEASE

TARGET ORGAN AND EFFECTS

<
< -
[]
[]

Result

EFFECTS OF HYPOSECRETION |
AND HYPERSECRETION T

Anterior Pituitary Hormones

_ )

f

Growth hormone (GH)
(Protein, somatotroph)

Stimulated by GHRH* release,
which is triggered by low blood
levels of GH as well as by a num-
ber of secondary triggers includ-
ing hypoglycemia, increases in
blood levels of amino acids, low
levels of fatty acids, exercise,
other types of stressors, and
estrogens

Inhibited by feedback inhibition
exerted by GH and IGFs, and by
hyperglycemia, hyperlipidemia,
obesity, and emotional depriva-
tion via either increased GHIH*
(somatostatin) or decreased
GHRH* release

4 A

Liver, muscle, bone, cartilage, and
other tissues: anabolic hormone;

stimulates somatic growth; mobi-
lizes fats; spares glucose

Growth-promoting effects medi-
ated indirectly by IGFs

{ Pituitary dwarfism in children

1 Gigantism in children;
acromegaly in adults

*Indicates hypothalamic releasing and inhibiting hormones:

GHRH = growth hormone-releasing hormone; GHIH = growth hormone-inhibiting hormone

Copyright © 2010 Pearson Education, Inc.

Physiological response




Growth Hormone (Somatotropin)

‘ Abnormality of GH Secretion

GH/IGF-1 hypersecretion

In childhood In adult In both
(Acromegaly)
Soft tissue continues to grow in thickness
(Gigantism) (skin, tongue, liver, kidney,..)

Enlargement of bones of hands & feet.

T Height as it occurs
J Enlargement of membranous bones including

before epiphyseal

fusion of long bones cranium, nose, forehead bones, supraorbital Hyperglycemia
with their shafts. ridges, vertebrae. (diabetes). +
. Often associated with Protrusion of lower jaw. insulin resistance

Hunched back (kyphosis) = vertebrae
enlargement.

Often associated with tumor.

Treated by octreotide.

Their height will not be changed.

tumor.
- Octreotride.

GH/IGF-1 hyposecretion

In childhood In adult

\ Y \
Pituitary dwarfism{fj

- Causes?




Male slides

Thyrotrophs as
TSH glycoprotein (5%) Related to FSH & LH Have similar a subunit
and different (3 subunit
FSH which is the active form
Gonadotrophs as Related to TSH of a hormone (functional
LH glycoprotein (15%) subunit)
PRL Lactotrophs (15%) Related to GH

‘ TSH

Abnormalities l®

Hyperthyroidism |
Hypothyroidism | TaTe e—
Action

I- Increase synthesis and secretion of thyroid hormones.

2- Trophic effect.

Increase the size and the number of cells of the thyroid gland



o FSH & LH

el
vl
o il

Fetus  Chidhood ~  Pubety ~  Adut  Senescence
period

Gonadotropin secretion rate

During childhood the FSH is
more than LH but in the adult
reproductive period it
fluctuate and LH will be more
than FSH, lastly during
senescence FSH is more than
LH(same as childhood)

Male slides

Paracrine

GnRH released from the hypothalamus will stimulate
the anterior pituitary gland to secrete FSH and LH.
LH will stimulate leydig cells to release testosterone,
which will inhibit AP & hypothalamus and stimulate
sertoli cells.

FSH will stimulate sertoli cells (which are also
stimulated by testosterone) to secret inhibin which
inhibits AP.

Pituitary hormones

Ovarian hormones and
follicle development

oocyte osE

e © O O @ &=

Primary follicle Corpus luteum

AN g RN R

3} o A LA

Endometrial glands
Day 1

T
14

-—

vvvvv

Follicular phase: estradiol inhibits AP During ovulation there will be a great
(negative feedback) increase in LH and Estradiol and minimal
Mid cycle: estradiol stimulate AP changes on FSH and

(positive feedback) Progesterone

Luteal phases: progesterone inhibits AP

(negative feedback)
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| NEUROENDOCRINE REFLEX

:
Prolactin '

The major function of prolactin is milk production.

Related to GH

- Lactotrophs(15%) Composed of 198 amino acids

Effect on breast Other effects

I- Breast development

2- T mRNA

3- Lactogenesis: production of

e I-Inhibits the effects of
gonadotropins. ¥GnRH

- Inhibits ovulation
-1MParturition

O 2- 1 Dopamine secretion in

milk proteins: 1 Casein, lactose, median eminence
lipid and lactalbumin (Inhibit its own secretion)

Control of Prolactin secretion

. s

Stimulators Inhibitors

Stimulation of the nippple (suckling) <  PIH"Dopamine” '
Sleep Source of dopamine:

Surgical & psychological stress - Hypothalamus (major)

Exercise - Posterior pituitary gland

LR R R R

L 1d. Binds Owytoun fecephors on

MVYOEPITHELIAL CELLS

b o o o o o e o o e -

1b.Tockle receptors.
in nipple

TRH: thyrotropin-releasing hormone
Dopamine antagonist/inhibitors

%  There's small portal connection between posterior
pituitary and anterior that why it affect prolactin
release

Pregnancy (estrogen) - Non-lactotrophs cells of anterior pituitary

gland (minor)
<  Dopamine agonist (bromocriptine)
<  Prolactin ( -ve feedback)
<  Somatostatin

AAAAA

_____________________________



Male slides

I Prolactin Abnormalities

1 .
i Increase prolactin level

| prevents pregnancy

\

__________________

4 Prolactin excess . .
¥ Prolactin deficiency
Galactorrhea ( Amenorrhea ) and .
- Failure to lactate.
Infertility.
Treated by Bromocriptine Girls Dr: Increase in prolactin level in pregnant women (that's
(D2 Receptor Agonists) why breasts increase in size during pregnancy) prolactin

continue to rise until it reaches its highest level before
childbirth immediately, after delivery it will decrease and
suckling will increase its level again (439)

ACTH Corticotrophs(15%)

Function: Stimulate synthesis and secretion of adrenal cortical hormones

Preproopiomelanocortin (POMC) is the pituitary precursor of circulating
melanocyte stimulating hormone (a-MSH), adrenocorticotropic hormone (ACTH),
B-endorphin.

Control of ACTH Secretion

Stimulatory Factors Inhibitory Factors

VBlood cortisol level
(Hypoglycemia) O 1 Blood cortisol level

O

Stress
O (trauma-surgery)
O

Sleep-wake transition

Higher centers POMC

P Hypo 1

CRH 11 ACTH intermediate B-Lipotropin

I f |

©
e | Anterior piitary .

|

I ACTH 1 I

| l® i1 Fragment Y AcTH Y-Lipotropin B-Endorphin
|

|

Cortisol €——— Adrenal cortex

—— o e e e —— o o e e e



Special thanks to team 439

Other Hormones produced by A. Pituitary

Introduction

Actions

Regulation

Factors
affecting the
secretion

Abnormalitie
s

Pictures

- Thyrotrophs.(5%)

- Glycoproteins.
- (aandB)

- Related to FSH and LH.

I- Increase synthes

isand

secretion of thyroid

hormones.
2- Trophic effect

T4 To —

Stimulatory: TRH
Inhibitory: T3, T4

1) Hyperthyroidism

2) Hypothyroidism

Hypothalamus

|

TRH

1@

> Anterior pituitary

TSH
l@

Thyroid gland

- Glycoproteins.

- Gonadotrophs (15%)
-aand .

- Related to TSH.

FSH: promotes gamete
production and stimulates
estrogen production in females
LH: stimulates sex hormone,
ovulation, corpus luteum
formation in females &
testosterone secretion in males.

Stimulatory: GnRH
Inhibitory: sex steroids and
inhibin (for FSH)

- Corticotrophs.(15%)

- ACTH, MSH, B-endorphin.
- Pre Proopiomelanocortin
(POMC).

Stimulate synthesis and
secretion of adrenal cortical
hormones.

Higher centers

>‘ Hyp

|

CRH

l@

============ 4>[ Anterior pituitary

l

ACTH

lo

Adrenal cortex |

Cortisol =

Stimulatory factors:

I. Decreased blood cortisol
level.

2. Sleep wake transition.

3. Stress.

Inhibitory factors:

I. Increase blood cortisol level



MCQs:

‘ QI: Which of the following inhibit the release of ACTH

[ A- Decreased cortisol levels J [ B- Elevated cortisol levels J [ C- Psychological stress ] [ D- Dopamine secretion ]

‘ Q2: A patient presented to you with protrusion of the lower jaw which of the following
could be the cause:

[ A- Increased prolactin levels J [ B- Decreased GH levels ] [ Cxlumor:of the anterior pltultaryJ [ D- Drug-drug interaction ]

‘ Q3: Which of the following is a direct function of GH

[ A- Diabetogenic effect J [ B- Increases bone length } [ C- Milk production "lactation” } (D- Causes tissue growth ]

‘ Q4: Which one of the following has greater effect in stimulating GH

[ A- Exercise J [ B- hypoglycemia ] [ C- Sleep ] [D- pulsatile effect ]

‘ Q5: Which of the following is true about GH

[ A- Composed of 198 Amino acidsJ [ B- Composed 2 Amino acids J [ C- Composed 191 Amino acids ] E)— Composed 200 Amino acids ]

‘ Q6: What is the major source of dopamine in prolactin regulation

[ A- Hypothalamus J [ B- Non-lactotrophs cells of

n-lactot J [ C- Posterior pituitary } [ D- Drugs such as "bromocriptine']
anterior pituitary

‘ Q7: Which one of the following is Not an action of GH on carbohydrates?

] [ B.increase the number of ] [ C. Suppresses uptake of ] [ D. Enhance hepatic glucose ]

[ B I 5 0T insulin receptor. glucose in peripheral tissue. output

SAQ:

Q:I. How growth hormone effects carbohydrates metabolism?

Q:2.what is the role of somatomedin?

Al:

e Y Glucose uptake by tissues (Skeletal muscles & fat) - glucose level will be raised in blood (hyperglycemia)
e VRate of glucose utilization throughout the body

e MGlucose production by the liver (?*Gluconeogenesis)

e Tnsulin resistance (Diabetogenic)

A2: GH does not show any direct action on bones. It acts on the bones through a substance called somatomedin,
which is secreted by the liver.
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