ENDOCRINE SYSTEM

Glandular structures

secretes Hormones
directly into the blood &%
stream which delivers " TS
them at distant target ™ ol /&
sites » ¥4 3 -

Testes




Major functions of
hormones

» Regulation of energy storage,
production, and utilization

» Facilitation of growth and
development;

» Maturation and function of the
reproductive system.



Hormones
divided into 2 classes:

» Hormones that act predominantly via

nuclear receptors (e.g., steroid
hormones, thyroid hormone, and

vitamin D).
» Hormones that typically act via

membrane receptors (e.qg.,
peptide and amino acid hormones)



Hypothalamic &
Pituitary Hormones




Overview (Ce 12

 Hypothalamus is detection center in

brain BODY HOMEOSTASIS
Long response Fast response
Endocrine system AUTONOMIC NS
e.g. growth & reproduction e.g Muscle contraction

3

Chemical messenger

HORMONES



Hypothalamus control
endocrine system via
inhibition or stimulation of

Pituitary Gland
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Anterior lobe
hypothalamus communicates with the Anterior portion

by hormonal ges, thru Portal system, which tell the

anterior pltmta = wAtart or stop an action.
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Posterior lobe

Posterior lobe hormones are synthesized in the
hypothalamus and transported via the neurosecretory
fibers to the posterior lobe & then to circulation (ADH,

Oxytocine )
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Pharmacologic applications

 Drugs mimic or block the effects of hypothalamic -

Pituitary hormones have pharmacologic applications
In 3 primary areas:

+~ Replacement therapy for hormone
deficiency states.
»~~ Antagonists for diseases caused by

excess production of pituitary hormones.

+~~ Diagnostic tools for identifying several endocrine
abnormalities




Hypothalamic Hormones

Corticotropin releasing diagnostic use.
AT I secretion of ACTH in Cushing’s disease 2" to pituitary
(CRH) ACTH-secreting adenoma (i.e. pituitary tumors are responsive to

exogenous CRH, whereas ectopic and adrenal tumors are not.)
Stimulate ACTH from

anterior pit. gland

diagnostic use.

Given i.v in normal subjects causes " in plasma TSH
concentration, whereas in patients with hyperthyroidism there
(TRH) is a blunted response because the raised blood thyroxin
concentration has -ve feedback effect on the anterior pituitary.

Thyrotrophin releasing
hormone

Stimulate TSH from anterior
pit. gland



Growth hormone releasing
hormone

(GHRH)

Stimulate GH release from
anterior pit. Gland

Growth hormone inhibiting
hormone

(somatostatin)

inhibit GH release from
anterior pit. Gland

diagnostic use.
for growth hormone secretion from the pituitary

Octreotide is a synthetic analogue of somatostatin,
longer action (t2 1.5 h). S.C two or three times daily.

Used in acromegaly




Gonadotrophin releasing induce spermatogenesis and fertility.

hormone (GNRH) Pulsatile administration via a a mini-pump evokes
secretion of LH and FSH and is used to treat infertility.

] But continUOUS use evokes tachyphylaxis owing to

[ Stimulate LH & FSH from gonadal secretions are reduced

anterior pit. Gland

e GNRH ANALOGS

Leuprolide, Goserline prolonged continuous administration
4

— Ovarian suppression used in controlled ovarian hyperstimulation
—> Testosterone suppression used in advanced prostate cancer

Blocks GnRH receptors ,

— used for controlled ovarian hyperstimulation
— Used for for advanced prostate cancer

e GnRH RECEPTOR
ANTAGONISTS

Cetrorelix, Ganirelix



IVF

(In vitro fertilization)
Protocol

hCG

Ultrashort
GnRH-a Short Protocol

GnRH -a Long protocol

FSH stimulation

CD21 i 2 3 4 5 6 & 4 10 11



Prolactin releasing
hormone PEEERREERREreerrernrrenl

.

Stimulate prolactin from
anterior pit. Gland

Bromocriptine, Inhibit prolactin secretion , used in
Cabergoline Hyperprolactinemia, which is associated with galactorrhea

(D2 agonist) and hypogonadism




Anterior Pituitary
Hormones

Hormones released from ANTERIOR l|obe by
Hypothalamic releasing hormones



1.Growth Hormone

GH (somatotropin) a peptide hormone

GH is secreted by anterior pituitary cells
called somatotrophs, which release
between 1-2mg each day. GH levels rise
progressively during childhood and peak
during the growth spurt that occurs
in puberty.

GH stimulated by GHRH & by Ghrelin
hormone.

GH inhibited by Somatostatine hormone

GH stimulate longitudinal growth of bones
& increases muscle mass, thru induction of
IGF-1

Hypnthalamua
GH FI H
@l Le

Fituitary

from
atomach



https://www.britannica.com/science/puberty

Ghrelin

e Ghrelin hormone released

from hypothalamus
stimulate GH.

« also Ghrelin released from
fundus of stomach during
fasting to stimulates |
appetite and increases food |
intake, apparently by
central actions on NPY.




Disease States

 Growth hormone deficiency or excess [lesions in
either the hypothalamus, the pituitary or in target cells]

> GH deficiency
> growth retardation & dwarfism (childhood)




Disease States
> GH excess

childhood before union of epiphysis in long bone)
overgrowth of muscles = Gigantism

adulthood bone become thicker, Ptn. become diabetic
-~ Acromegaly

Acriseme gaky

Gigantism
and

Acromegaly dwarfism




Drug Clinical application
GH AGONIST Replacement in IGF-I deficiency that is not
. responsive to exogenous GH
Mecasermin

(IGF-I agonist )

GH ANTAGONIST

e Octreotide

(Somatostatin Analogue)

® Pegvisomant

(GH Rc antagonist)

* Acromegaly

e Carcinoid tumors [neuroendocrine tumors]
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2. Thyroid stimulating hormone TSH

o A glycoprotein of anterior pituitary,
controls synthesis and release of
thyroid hormone from the gland.

o TSH used as Diagnostic to evaluate
thyroid function



o ISH

by TRH
inhibited by
—ve feed back

membrane
receptor

thyroid follicle

stimulated

&

o TSH act on cell
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< \b}
TZH -b -

Peripheral
actions

cell
Tg + I°



3. Adrenocorticotropine (ACTH)

o secreted in intermittent Ny ' ,,,(Cmm) o'
pulses thru a day , high in DD\
the morning & fall T 1y
throughout the day. /

o This is called a diurnal v g
rhythm. NG 4

ShotacTi o/ ~

o Secretion of ACTH is ! ' ﬁ%gégj
controlled by CRH & \ U\
inhibited by —ve feed back e R S T i

(cortisol)

mechanism. '
PN



Synthetic analogue of ACTH

Cosyntropin
uses
- Diagnostic for 1 or 2"d adrenal
insufficiency
- Infantile spasm (epilepsy)
with Vigabatrin




4. Gonadotropin (LH ; FSH)

‘Gonadotrpin
releasing
hormone

Negative
feedback

Follicle stimulating
hormone and
Luteinizing hormone

e

Testosterone

Estradiol

Masulinization

= Development/ - Sperm produc
maintenance of e Muscle growth
reproductive tissues - Aggression

- Maintaining ocoocytes



In male

e GnRH (hypothalamus) - FSH & LH (APG) =

testosterone and androgens (testes)
Hypothalamus

* FSH - sustentocytes release androgen-binding *GnRH

protein (ABP) = 1 testosterone near

spermatogenic cells = spermatogenesis AUl
* LH - Leydig cells = testosterone =

spermatogenesis
* Testosterone -> negative feedback regulation of & Inhibin

Testes Testosterone

GnRH and gonadotropins

* High sperm count = inhibin =2 negative feedback M. ?ggfﬂa‘igg;f]aecs':gate
regulation of GnRH and FSH

Leydig cells




In Female

Most of follicular phase Late follicular, ovulation, and luteal phases

- - - - = | Hypothalamus e P~ | Hypothalamus | € === === -

(1) Hypothalamus secretes

GnRH, which stlmulates| i./‘ / : -
anterior pituitary. % ,-/
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—- Stimulation /
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» pltunary ------------

@ An LH surge from '
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estrogen, inhibin
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folllcular development.

Inhibin, Estrogen
estrogen @ V.
esicular folllcle produces a :
(low levels) large threshold'amount of (8) The corpus luteum

secretes |arge amounts

' i

1 FSH, LH estrogen, which stnmulates the

- hypothalamus and anterior of progesterons,

- pituitary, el estrogen, and inhibin,

i T which inhibit the

' : y hypothalamus and /
\ B Estrogen —> anterior pituitary. - .

(low levels) N LH ==
@ Maturing ovarian follicles .a-‘_;f‘
secrete inhibin (which inhibits FSH Estrogen also assists S
production) and low levels of estrogen with the development
(which initially inhibit both the e (7) The corpus luteum forms

hypothalamus and anterior pituitary). Slidie! under the influence of LH.




GnRH Hypothalamus

Anterior
pituitary

n Female
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Synthetic analogues of Gonadotropins

1- Urofollitropin: Human FSH

(from urine of postmenopausal women)

used in fertility problem cause the ovaries to produce
eggs.
Mostly used in combination with HCG

Fostimon® 15 @

IM/SC Enjeksiyon icin Liyofilize Toz iceren Flakon

Yiiksek oranda saflastirilmis (HP) liyofilize,
arofollitropin (FSH)

1 liyofilize flakon +
I 1 ¢dziicii ampul




2- Menotropins (hMG): (from urine of
postmenopausal women), contains both FSH
and LH activity.

Mostly used in combination with HCG

Menotropins For Injection U.S.P.

(Human Menopausal Gonadotropin Injection)

&=
.#UMOG 150
(Freeze Dried

For Intramuscular injechon only

Manutscthured n iIndia ™y
BHARAT SERUMS AND VACCINES LIMITED
X/ ) 42

w27 Acotoral ML Armdernam™ (€ 15



3- Human chorionic gonadotropin (hCG) :

Agonist at LH receptors

- It produced during pregnancy formed in the placenta,
which nourishes the fertilized egg and becomes attached

to the uterine wall.

- It used to cause ovulation
Also increase sperm count in men

|
|

Pregnyl® 5000 I.U.

Chorionic Gonadotrophin

1 ampoule Pregnyl
containing Chorionic
Gonadotrophin 5000 |.U.
Powder for injection

PL O065/5079R

| ampoule solvent conta g
1 rnl So d Chl nae s | t
)l’l N/

] a Doc
?\cae ad the l dla1 belfore use

Rec nt @ the pm\d ll |
scletmmedllyo t

(- bLOUIH E r ml)

Dan l salutio p
sz: u nain esol lon n

For intramuscular or
subcutaneous administration

icles
peuse




5. Prolactin PRL

o Peptide hormone secreted by anterior pituitary & is critical
for lactation and breast development in women.
o TRH and hypothalamic VIP have PRL-releasing properties

while DA inhibit PRL secretion

Hypothalamus ( TRH ) ( e )

o\ Yo
Anterior
pituitary -7
ot @)
Suckling ¢
/!
! O
|
ﬁ v "\

Other
tissues

Target

. Breast
tissue



Dopamine Receptor Agonists

N ©

Bromocriptine, Cabergoline, & |
Quinagolide QL —
effectively reduce PRL levels, - relieving
the inhibitory effect of hyperprolactinemia
on ovulation and permitting most patients
with prolactinomas to become pregnant.




Posterior Pituitary

Hormones

Hormones synthesized by
Hypothalamus & then transported thru

neurosecretory fibers to

POSTERIOR |lobe where they

stored until release.

~ Neurosecretory

. cell
Posterior \ \
pituitary
)!
Anterior
Blood pituitary
vessel
} R
Oxytocin ADH
\l l
Uterine muscles Kidney tubules

Mammary glands
Copyright © 2005 Pearson Education, Inc. Publishing as Pearson Benjamin Cummings



1. Antidiuretic Hormone ADH (Vasopressin)

Hypothalamic
neuron

Posterior pituitary H

V1 receptor Blood vessel Kldney V2 receptor

Vasoconstriction\

Increased blood volume
Increased blood pressure

Increased
reabsorption
of water




Synthetic analogues of ADH

* Desmopressin

used for control increased thirst and too
much urination due to brain suraerv or
neurogenic diabetic inspidus.

Dexmzprasing



ADH receptor blocker

* Conivaptan vi and V2 receptors.

* Tolva ptan has a 30-fold higher affinity for V2 than
for V1 receptors.

used in hyponatremia (low sodium level)
& Heart failure.



Oxytocine

o they stored in POSTERIOR lobe
until release (by stretch of uterus or pypotmatamic
suckling of nipples). o

hypothalamohypophyslal

Fosterlou' pituitary
Oxytocin

Breast: contraction of myoepithelial

cells in breast causing ejection of milk
from breast alveoli & ducts to nipple

Uterus : contraction of uterus during

labour

Uterus Lactating breast
(stimulates contraction) (stimulates milk ejec




Synthetic analogues of Oxytocin

. Oxytocin injection

induce labor for conditions requiring early

vaginal delivery such as Rh problems, maternal
diabetes, preeclampsia, or ruptured membranes.



Thyroid &
Antithyroid Drug



Thyroid gland

* Thyroid gland secretes 3 main hormones: thyroxin(T,),
triiodothyronine (T;) and calcitonin.

* T, and T, are critically important for normal growth and
development and for energy metabolism




Hypothalamic-Pituitary-Thyroid axis

« TRH »>> TSH stimulate ~— Hypothalamus < Ia 2s
adenylyl cyclase >> S _ Basan\TS'ﬂiy
synthesis and release of ; yom -,
T4 and T3. / O
TRH ' camp 4

+ Regulated by : Jo

Pituitary Apical
- negative feedback

el ’ /\
\ U Follicular

fashion to block the action |  / R | ((Tewr 7 cen
Of TRH \T%" o "j'/ %%//,-,g lodination

- large doses of iodine. COP Y o
Thyrold 9 m Thyroid follicle

}

Tg——>T5

Peripheral
actions
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lodine metabolism

* Food contain mainly organic iodine (not
absorbed) ;

*in GIT : organic iodine — inorganic
iodide (well absorbed). 50% of
circulating Iodide is tfrapped &
concentrated in thyroid gland & 507% is
excreted in urine.



Na/l symporter

Transport
i

[sen-. cio,~ |

Peripheral
tissues

TI-I Tﬂ-

lodides,
thioamides

lodide organization

MIT-DIT- T5-T,

Radiocontrast
media,
B-blockers,
corticosteroids,
amiodarone

e

Fﬂéw ‘/@/[ lodides |

L
Blood



Thyroid hormone action

Pituitary :
gland f

©<
=

)

Transporter i

3 Transporter :

Circulation




Thyroid hormone

 Mechanism of action:

they enter the cell & bind to intracellular thyroid receptors in nucleus
affect DNA transcription & synthesis of mRNA.
- Actions of thyroid hormone:
1- Thermogenic & Caloroginic effect: > 4 BMR & O2 consumption.
2- Metabolic effect: a. CHO: 4 glucose absorption.
b. Fat: Lipolysis
c. Protien: Catabolic effect
d. Cholesterol: hypocholesteremia i
3- Growth: Important for physical, mental
4- ANS: supersenstivity of Adrenergic receptors
5- CVS: Cardiac stimulation
6- GIT: increase appetite & motility.




HYPERTHYROIDISM

oThyrotoxicosis: excessive activity HYPERTHYROIDISM

of the thyroid hormones. Lperdnes bo odt

o Laboratory Dx:
- T3, T4 are elevated and TSH is
suppressed (more sensitive). .

- Measurement of TRAb (TSH Finger

Fine, Straight Hair
>

Bulging Eyes
- Facial Flushing
— Enlarged Thyroid

Tachycardia

. : Clubbing = 1T Systolic BF
receptor antibody) in serum a e o
value in diagnosis of Grave' s b i B |/ ccle Wasting
dlS@GS.e Menstrual Changes
- Thyroid scan Cekibalisg)

) Localized Edemez




The most common forms of hyperthyroidism are:

(L) diffuse toxic goiter (also called Graves' disease)
an autoimmune disease. Management Mostly by drug

STIMULATING ALTOANTIODIES (Graves' Jdiscaso)

Autoantibogdy —

Roegulated proodactson «f
thwvroid hormones




(2) toxic nodular goiter: benigh neoplasm or
adenoma. Management Mostly by surgical




HYPOTHYROIDISM

o A decreased activity of the thyroid
manifested by a reversible slowing down

of all body functions.
- in fetus - Cretinism
(dwarfism & mental retardation)

o Laboratory Dx.:
by the combination of a low free thyroxin and
elevated serum TSH (more sensitive).
o Common cause of hypothyroidism
is probably Hashimoto's thyroiditis, an
immunologic disorder.

o Management (replacement)
The most satisfactory preparation is
levothyroxine.

HYPOTHYROIDISM

Intolerance to Cold

Receding Hairline
Facial & Eyelid Edema

Dull-Blank Expression
Extreme Fatique
Thick Tongue -

Slow Speech

Hair Loss
Apathy

Lethargy

Dry Skin
(Coarse & Scaly)

Anorexia

Brittle Nails
& Hair

Muscle Aches
& Weakness

Congtipa;ion Menstrual Disturbances

Late Clinical Manifestations

Subnormal Temp

Bradycardia

Weight Gain
L0C

Thickened Skin
Cardiac Complications




Management of Hyperthyroidism

» Surgically: used only when compression of the
trachea

* Pharmacologically: antithyroid drugs
1-Thioamides

3- Iodide
4- Radio active iodine
5- p- blockers (Propranolol)



Thioamides

Methimazole , Carbimazole & propylthiouracil
Mechanism of action:

J synthesis of thyroid h. via inhibit oxidation of Todide &
inhibit Organification & coupling. click
The effect appear after 3-6 weeks till depletion of stores.

Methimazole is preferable to propylthiouracil (except in
pregnancy and thyroid storm) because it has a lower risk of liver
injury and administered once daily.

protocol of t1t : 4 weeks of high dose till euthyroid

18 months half dose
gradual withdrawal




Thioamides side effects

&# Agranulocytosis (CBC must done regularly)
ptn with Agranulocytosis - fever, sore throat
ttt+ by blood transfusion + dexamethasone +

filgrastim (bone marrow stimulant)

& increase vascularity of Gland,

& Hepatotoxicity (with Propythiouracil)

® GI disturbance.




- W === - -
Neupogen' syringe
Filgrastim
3° ““ s.c./i.v. infusion

1 single-dose pre-filled syringe of 0.5 mi

a MD, PhD ,
macology,- 04 - Pharmacology ofthyroid gland



TIonic inhibitors

« K perchlorate, & Thiocyanate
 Mechanism of action:

ysynthesis of thyroid h. via competitive inhibition of Iodine
uptake.
« _S/E: Fatal aplastic anemia (so not used now)




Todide

Logol” s iodine & KT

Mechanism of action:

1- J size & vascularity of Gland & become firmer. (preop.)

2- inhibit Organification & iodine binding.

3 - at pharmacologic dose > 6émg/day inhibit hormone release thru inhibition of
proteolysis click
Uses in
o Thyroid crisis (rapid onset 2-7 days)
o Adjunctive in thyroidectomy to & vascularity (before 7-14 days)
S/E:
o Iodism: conjunctivitis, metallic taste, rhinitis.

o allergy & skin rash
o foetal goiter




Radioactive Iodine
e T131

« Mechanism of action:
After oral administration , concentrated in gland & emit
Bparticle and y rays destruction of thyroid follicles.

The effect appear after 2-3 months.

Uses in

- Hyperthyroidism (old age, recurrence after surgery).

- Cancer thyroid

S/E: Hypothyroidism, malignant changes

_CI :inyoung (< 16yrs) , pregnhancy & lactation.




B-Blockers

* Propranolol

* Mechanism of action:
1 - 1 peripheral conversion of T4 to more active T3.

2 - control peripheral symptoms until effect of antithyroid
appear

NB: lifesaving in Thyroid crisis.



SPECIAL PROBLEMS

4 . )
Thyroid Storm

o or thyrotoxic crisis, is sudden acute exacerbation of the
symptoms of thyrotoxicosis, a life threatening syndrome. y

o  Vigorous management is mandatory.

- Propranolol, 1-2 mg slowly intravenously or 40-80 mg orally every 6 hours,
is helpful to control the severe cardiovascular manifestations.

- propylthiouracil, 250 mg orally / 6 hours. If the patient is unable to
take propylthiouracil by mouth, a rectal formulation administered in a dosage
of 400 mg / 6 hours as a retention enema. Methimazole may also be prepared

for rectal administration in a dose of 60 mg daily.

- Hydrocortisone, 50 mg intravenously every 6 hours, will protect the
patient against shock and will block the conversion of T4 toT3.



[ Thyrotoxicosis during Pregnancy J

o Ideally, women in the childbearing period with severe disease
should have I1s1 or subtotal thyroidectomy, prior to pregnancy.

o radioiodine is contraindicated during pregnancy.

o Propylthiouracil (fewer teratogenic risks than Methimazole)

can be given in the first trimester, and then methimazole can be given

for the remainder of the pregnancy in order to avoid potential liver
damage.



Myxoedema coma

A rare presentation of hypothyroidism in which there is:
» A depressed level of consciousness.
 Body temperature may be < 25°C.

» convulsions and cerebrospinal fluid (CSF) pressure and
protein content are raised.

+ ttt triiodothyronine is given as an i.v bolus of

20 ug followed by 20 ug 8hourly until there is sustained clinical
improvement
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