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* Hormones are regulatory biochemicals that are produced by glands, and
transported by the circulatory system to a distant target organ to exert their
action.

* They are often used as replacement therapy (e.g. exogenous insulin for
treatment of diabates mellitus).

* However, they can also be used for a variety of other therapeutic and diagnostic
purposes.

e Certain drugs such as thyroid-hormone inhibitors and oral antidiabetic agents,
although not hormones themselves, influence the synthesis or secretion of
hormones.
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Introduction
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* Therapeutically useful hormones and related drugs include:
1 « The pituitary hormones

Z * The gonadal hormones
2 » The adrenocorticosteroids
Y « The thyroid hormones and(inhibitors)=> osll 53t 13

S « The antidiabetic agents R
/ N Thyroid Gland~_
Hormones replacement Hormone inhibitors Adrenal Gland

’ ’?—Pancreas

S
\ll, {\ Ovary

Testicles —. QY



Introduction

Two main structural classes of hormones:

1. Peptide hormones (e.g. growth hormone, FSH, insulin, calcitonin, somatostatin)
*  Short plasma half-life = &i5soe ) praadls pails
. No carrier proteins

. Water-soluble (hydrophilic, unable to cross membranes)

*  Activate cell surface receptors: cellsurface Jie (oS aglaniig cdladioul
causing intracellular amplification
response (short onset and offset)

. Not orally active, so most given
IV, IM, S.C or intranasally.
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Introduction

2. Steroid hormones (e.g. estradiol, testosterone)
. Long plasma half-life
. Mainly bound to carrier proteins like albumin ) Sl &o gl (sas
. Fat soluble (lipophilic, free hormone enters cell, can cross membranes)

*  Activate intracellular receptors that act in the nucleus (turn on genes,
takes a while to occur and for effect to dissipate)
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Main regulator for all hormones in the body

ypothalamic and Pituitary
ormones

Figure 2. Hypothalamic-pituitary Hormone Relationships
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TRH indscates thyrotropin-releasing hormone: CRH, corticotropin-releasing hormone; GHRH, growth hormone
releasing hormone; GnRH, gonadaotropin-releas hormone, TSH, thyroid-stimulating hormone; ACTH, adrenocorti
stimulating hormone; LH, luteinizing hormone; ADH, antidiuretic hormone.

cotropic hormone; FSH, follic
Adapted from Acromegaly by AG Harris, 2001.
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ACRONYMS

ACTH Adrenocorticotropic hormone (corticotropin)
CRH Corticotropin-releasing hormone

FSH Follicle-stimulating hormone

GH Growth hormone

GHRH Growth hormone-releasing hormone
GnRH Gonadotropin-releasing hormone

hCG Human chorionic gonadotropin

hMG Human menopausal gonadotropin

IGF Insulin-like growth factor

LH Luteinizing hormone

PRL Prolactin

rhGH Recombinant human growth hormone
SST Somatostatin

TRH Thyrotropin-releasing hormone

TSH Thyroid-stimulating hormone (thyrotropin)
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Hypothalamic-Pituitary Endocrine System

* The hypothalamus and the pituitary
gland are closely connected, and
together they provide a means of
communication between the brain and 7
many of the body’s endocrine organs. evsem

Anterior
pituitary

Posterior
|~ pituitary

* Hypothalamic factors regulate the
release of anterior pituitary hormones.

* The pituitary gland is recognized for its
essential role in body homeostasis, and
for this reason it is often referred to as
the “master gland”. Endoorne
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Hypothalamic-Pituitary Endocrine System

* Except for prolactin, anterior pituitary
hormones stimulate hormone
production by peripheral endocrine
glands or liver.

Portal venous
system
Posterior

* Prolactin and posterior pituitary Artein ), ey
hormones vasopressin (ADH) and SADC
oxytocin act directly on target tissues.
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Hypothalamic-Pituitary Endocrine System

TABLE 37-1 Links between hypothalamic, anterior pituitary, and target organ hormone or mediator.'

Anterior Pituitary Hormone

Hypothalamic Hormone

Primary Target Organ
Target Organ Hormone or Mediator

Growth hormone (GH, somatotropin)

Thyroid-stimulating hormone (TSH)
Adrenocorticotropin (ACTH)

Follicle-stimulating hormone (FSH)
Luteinizing hormone (LH)

Prolactin (PRL)

Growth hormone-releasing hormone (GHRH) (+)
Somatostatin (-)

Thyrotropin-releasing hormone (TRH) (+)
Corticotropin-releasing hormone (CRH) (+)
Gonadotropin-releasing hormone (GnRH) +)?

Dopamine (=)

Liver, bone, muscle,  Insulin-like growth factor-1 (IGF-I)
kidney, and others

Thyroid Thyroxine, trilodothyronine

Adrenal cortex Cortisol

Gonads Estrogen, progesterone, testosterone
Breast —

'All of these hormones act through G protein-coupled receptors except growth hormone and prolactin, which act through JAK/STAT receptors.

*Endogenous GnRH, which is released in pulses, stimulates LH and FSH release. When administered continuously as a drug, GnRH and its analogs inhibit LH and FSH release

through down-regulation of GnRH receptors.
(+), stimulant; (=), inhibitor.



Hypothalamic-Pituitary Endocrine System

* Because of the greater ease o
administration of target
endocrine gland hormones or
their synthetic analogs, the
related hypothalamic and
pituitary hormones (TRH, TSH,
CRH, ACTH, GHRH) are used
infrequently as treatments.

* Some, such as ACTH, are used
for specialized diagnostic
testing.

f TABLE 37-2

Clinical uses of hypothalamic hormones
and their analogs.

Hypothalamic Hormone

Clinical Uses

Growth hormone-releasing
hormone (GHRH)

Thyrotropin-releasing
hormone (TRH, protirelin)

Corticotropin-releasing
hormone (CRH)

Gonadotropin-releasing
hormone (GnRH)

Dopamine

Used rarely as a diagnostic test for GH
and GHRH sufficiency

May be used to diagnose TRH or TSH
deficiencies

Used rarely to distinguish Cushing’s
disease from ectopic ACTH secretion

May be used in pulses to treat infertility
caused by GnRH deficiency

Analogs used in long-acting formula-
tions to inhibit gonadal function in
children with precocious puberty, in
some transgender/gender variant early
pubertal adolescents (to block endoge-
nous puberty), in men with prostate
cancer and women undergoing
assisted reproductive technology (ART)
or women who require ovarian sup-
pression for a gynecologic disorder

Dopamine agonists (eg, bromocriptine,
cabergoline) used for treatment of
hyperprolactinemia




Hypothalamic-Pituitary Endocrine System

* Whereas all the pituitary and hypothalamic hormones are available for use in
humans, only a few are of major clinical importance. These include:

1. GH
2. SST
LH
FSH

. GnRH

s W
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* Growth hormone (GH) is also known as somatotropin or
somatropin.

* Somatotropin is a large polypeptide that is released by the
anterior pituitary in response to growth hormone-releasing
hormone (GHRH) produced by the hypothalamus.

* Somatotropin release is inhibited by somatostatin.

* GH is secreted by the anterior pituitary in a pulsatile fashion,
with several short bursts that occur mostly at night. The
greatest amount of GH secretion occurs during the night
within the first 1 to 2 hours of sleep.

* Daytime GH pulses are most likely to occur after meals,
following exercise, or during periods of stress.
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* GH stimulates insulin-like growth factor (IGF1, also called somatomedin C)
production by organs like the liver.

* IGF1is responsible for many of the actions of GH.

e GHandIGF1 effgﬁ;gimclude 1 U et e
EEYS
* longitudinal bone growth until t he@plphyses close— ﬁear the endebf puberty.

* GH has anabolic effects in muscle and catabolic effects in lipid cells that shift the balance
of body mass to an increase in muscle mass and a reduction in adiposity.

* The direct and indirect effects of GH on carbohydrate SS9 plidadly cldall (o
oSall Jam deads () gaull

X%

metabolism are mixed, in part because GH and IGF-I have

opposite effects on insulin sensitivity.
GH reduces insulin sensitivity
insulin Jl 56 55058 whereas IGF-1 has insulin-like effects



Growth Hormone Agonists and
antagonists

l

Growth hormone
|

Agonist Antagonist
action action

|

——
Somatropin Octreotide

Mecasermin Pegvisomant



Somatropin

1. Somatropin, the recombinant form of human GH, is used for:

1) GH deficiency in children and adults.

* In childhood, GH deficiency typically presents as short stature, often
with mild adiposity. Another early sign of GH deficiency is
hypoglycemia due to unopposed action of insulin, to which young
children are especially sensitive.

* adults with GH deficiency often have generalized obesity, reduced
muscle mass, and reduced cardiac output.
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Somatropin

1. Somatropin, the recombinant form of human GH, is used for:

2) The treatment of children with diseases associated with short stature
(chronic renal failure and genetic diseases such as Turner syndrome).

3) Muscle wasting in AIDS patients.

4) GH is also used by athletes for a purported increase in muscle mass and
athletic performance and is one of the drugs banned by the Olympic
Committee and professional sports associations.
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Somatropin
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1. Somatropin, the recombinant form of human GH, is used for:

5) A controversial but approved use of GH is for children with idiopathic short
stature. In this group of children, multiple years of GH therapy at great cost
and some risk of toxicity results in a small (1.5-3 inches) average increase in
final adult height.

* Somatropin is administered subcutaneously 6—7 times per week. Injection s s:Ls 555

e Children generally tolerate GH treatment well. Adults tend to have more
adverse effects from GH therapy. Peripheral edema, myalgias, and arthralgias
(especially in the hands and wrists) occur commonly but decrease with dosage
reduction.
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2. Mecasermin hypoglycemia juas Lo (lis yuslig

* Small group of children with growth failure unresponsive to GH therapy are
deficient in IGF-1.

* Mecasermin, recombinant human IGF-1, is administered parenterally to children
with IGF-1 deficiency.

* Its most important toxicity is hypoglycemia, which can be prevented by
consumption of a snack or meal shortly before mecasermin administration.
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Growth Hormone Antagonists

* Growth hormone-secreting pituitary adenomas cause acromegaly in adults and,
rarely, gigantism in children and adolescents who have not completed their

rowth phase.
g P GH antagonists ¢glgil3 Ga,b (e M=

* Pharmacologic treatment of GH excess seeks to inhibit GH secretion or interfere

with GH effects, which include: JJ inhibition Juss somatostatin jd Jl
1. Somatostatin analogues (octreotide and somatostatin analogous drugs Sic < GH

lantreotide)
2. Dopamine D, receptor agonists
3. Pegvisomant
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Somatostatin Analogues

Gl gayd &Y J9agd inhibition Jasa

* Somatostatin, a 14-amino-acid peptide, inhibits the release of GH, glucagon,
insulin, and gastrin.

* Octreotide and lanreotide, long-acting synthetic analogs of somatostatin, are
used to treat:

* Acromegaly (excess GH)

adults JI vis A A

* Gastrinoma (excess gastrin) gastrinJ) i ol LAY 50Ls) ¢ Gl yeu £ 63
* Glucagonoma (excess glucagon) glucagon Ji 5,80 s s cells Ll

Other endocrine tumors.
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Somatostatin Analogues

: &0 g (oilaiy ol sLul¥ ) aal

oSl
* Regular octreotide must be administered subcutaneously 2—4 times daily.

@ whereas a slow-release intramuscular formulation of octreotide or lanreotide is
administered every 4 weeks for long-term therapy. 2 1 J9alla s yrealls ()8 o

* Octreotide and lanreotide cause significant gastrointestinal disturbances,

gallstones, and cardiac conduction abnormalities.
3y AL o



Dopamine D, receptor agonists

GH release (o sis/ prolactindls o,

* Dopamine D, receptor agonists such as bromocriptine are more effective at
inhibiting prolactin release than inhibiting GH release.

* However, high doses of D, receptor agonists have some efficacy in the
treatment of small GH-secreting tumors.
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P e gv i S O m a n t Competitive antagonist

receptors JI ols dlai
* Pegvisomant is a GH receptor antagonist approved for treatment of acromegaly.

* Normally, GH, which has 2 distinct receptor binding sites, initiates cellular
signaling cascades by dimerizing 2 GH receptors.

e Pegvisomant is a long-acting

derivative of a mutant GH that is

able to cross-link GH receptors but . N Q

GH
—Pegvisomant
alle ‘
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No GH
signaling

is incapable of inducing the

conformational changes required

/ " SHC STATS

for receptor activation. Pk

(e.g.,IGF-1)

Glucose
transporter

Nucleus
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