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Endo crine
gland Hormone

Main tissues acted on
by hormone Main function of hormones

Hypothalamus Thyrotroph in releasing 
hormone (TRH) Anterior pituitary

Stimulates release of thyroid stimulating hormone (TSH) from the anterior 
pituitary

Somatostatin Anterior pituitary Inhibitory hormone that prevents release of hormones such as growth 
hormone from the anterior pituitary

Gonadotroph in releasing 
hormone (GnRH) Anterior pituitary

Stimulates release of follicle stimulating hormone (FSH) and luteinising 
hormone (LH) from the anterior pituitary

Corticotroph in releasing 
hormone (CRH)

Anterior pituitary Stimulates adrenocorticotrophic hormone (ACTH) release from the anterior 
pituitary.

Growth Hormone 
Releasing Hormone
(GHRH)

Anterior pituitary Stimulates release of growth hormone (GH) form the anterior pituitary
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Anterior 
pituitary

Thyroid stimulating 
hormone (TSH)

Thyroid g land Stimulates release of thyroxine and tri-iodothyronine from the thyroid gland

Luteinising ho rmone
(LH)

Ovary/Testis Females: promotes ovulation of the egg and stimulates oestrogen and progesterone 
production Males: promotes testosterone release from the testis

Follicle stimulating 
hormone (FSH)

Ovary/Testis Females: promotes development of eggs and follicles in the ovary prior to 
ovulationMales: promotes production of testosterone from testis

Growth Hormone (GH) Bones, cartilage,
muscle, fat, liver, heart

Acts to promote growth of bones and organs

Prolactin (PRL) Breasts, brain Stimulates milk production in the breasts and plays a role in sexual behaviour

Adrenocortico-troph ic 
hormone (ACTH) Adrenal glands Stimulates the adrenal glands to produce mainly cortisol

Posterior 
pituitary

Vasopress in (anti-
diuretic hormone, ADH)

Kidney, blood vessels,
blood components

Acts to maintain blood pressure by causing the kidney to retain fluid and by constricting 
blood vessels

Oxytocin
Uterus, milk ducts of
breasts

Causes ejection of milk from the milk ducts and causes constriction of the uterus during 
labour

�� adrenocorticotrophic hormoneadrenocorticotrophic hormone (ACTH)(ACTH)

�� thyroid stimulating hormonethyroid stimulating hormone (TSH)(TSH)

�� growth hormonegrowth hormone (GH)(GH)

�� follicle stimulating hormonefollicle stimulating hormone (FSH)(FSH)

�� luteinising hormoneluteinising hormone (LH)(LH)

�� prolactinprolactin (PRL) (PRL) 

TheThe anterior pituitaryanterior pituitary
containscontains aa numbernumber ofof secretory cells that release hormonessecretory cells that release hormones, the, the
main ones beingmain ones being::
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Anterior pituitary hormone Hypothalamic releasing 
hormone

Stimulatory or
inh ibitory

Stimuli for activation of the system

Adrenocorticotroph ic hormone (ACTH)
Corticotroph in releasing 
hormone (CRH)

Stimulatory Stress (e.g. pain, fever, hypog lycaemia,
low BP)

Vasopress in Stimulatory

Thyroid stimulating ho rmone (TSH)
Thyrotroph in releasing 
hormone (TRH) Stimulatory Rhythmic activ ity in the hypothalamus

Follicle stimulating ho rmone (FSH) and
Luteinising ho rmone (LH) Gonadotroph in releasing 

hormone (GnRH)
Stimulatory Rhythmic activ ity in the hypothalamus

Growth ho rmone (GH) Growth ho rmone 
releasing ho rmone
(GHRH)

Stimulatory Exercise, stress, hypog lycaemia, arginine 
administration , high amino acid levels

Somatostatin Inh ibitory

Prolactin (PRL) Dopamine Inh ibitory

Sleep, stress, suckling stimulusThyrotroph in releasing 
hormone (TRH)

Stimulatory
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Growth HormoneGrowth Hormone

Growth hormoneGrowth hormone,, also known as also known as somatotropinsomatotropin,, isis aa
protein hormoneprotein hormone ofof aboutabout 190 amino190 amino acids that is acids that is 
synthesizedsynthesized andand secreted by cells ca lled secreted by cells ca lled 
somatotrophssomatotrophs in thein the anterior pituitaryanterior pituitary.. It isIt is a majora major
participantparticipant in control ofin control of several complex physiolog ic several complex physiolog ic 
processe sprocesse s,, including growthincluding growth andand metabolismmetabolism.. Growth Growth 
hormone is alsohormone is also ofof considerableconsiderable interestinterest asas aa drug drug 
usedused inin both hu mansboth hu mans andand animalsanimals. . 
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¾¾Growth hormoneGrowth hormone--releasing hormonereleasing hormone (GHRH)(GHRH) is a hypothalamic 
peptide that stimulates both the synthesis and secretion of growth 
hormone.

¾¾SomatostatinSomatostatin (SS)(SS) is a peptide produced by seve ral tissues in the 
bod y, including the hypothalamus. Somatostatin inhibits growth 
hormone release in response to GHRH and to other stimulatory factors 
such as low blood glucose concentration.

¾¾GhrelinGhrelin is a peptide hormone secreted from the stomach. Ghrelin
binds to receptors on somatotrophs and potently stimulates secretion of
growth hormone.

Control ofControl of Growth Hormone SecretionGrowth Hormone Secretion
Produ ction ofProdu ction of growth ho rmone is modu lated by many factorsgrowth ho rmone is modu lated by many factors,, includingincluding stress,stress,
exerciseexercise,, nutritionnutrition, , sleep sleep and and growth hormone itselfgrowth hormone itself. . 

HoweverHowever,, its primary  controllersits primary  controllers are :are :
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••DirectDirect effectseffects are theare the resultresult ofof growth hormone growth hormone 
binding its receptorbinding its receptor on targeton target cellscells.. Fat cellsFat cells
((adipocytesadipocytes),), for examplefor example,, have growth hormone have growth hormone 
receptorsreceptors, and, and growth hormone stimulates them togrowth hormone stimulates them to
break downbreak down triglyceridetriglyceride andand supresses their abili ty supresses their abili ty 
toto take up and accumulatetake up and accumulate circulating lipidscirculating lipids..

••Indirect effectsIndirect effects areare mediated primarily bymediated primarily by aa
insulininsulin--li ke growth factorlike growth factor--1 (IGF1 (IGF--1)1),, aa hormone that hormone that 
is sec reted fromis sec reted from thethe liverliver andand other tissuesother tissues inin
response to growth hormoneresponse to growth hormone. A majority of the. A majority of the
growth promoting effectsgrowth promoting effects ofof growth hormone is growth hormone is 
actuallyactually duedue toto IGFIGF--11 actingacting onon itsits targettarget cellscells. . 

All of the effects of GH are the ultimate result of its binding to a
specific cell surface receptor which is widely distribu ted throughout
the bod y. The mature GH receptor is a transmembrane glyc iprotein of 
620 amino acid residues.

Recent evidence shows that, in spite of the absence of intrinsic 
tyrosine kinase activity in the growth ho rmone receptor, the binding of 
the hormone leads to an increaseincrease in thein the phosporylationphosporylation ofof intracellular intracellular 
proteinsproteins onon tyrosine residuestyrosine residues. These initial events are mediated by 
certain cytoplasmic protein tyrosine kinases that physicall y associate
wi th the ligand-bound GH receptor and become activated as a
consequence of this association.

Anabo licAnabo lic andand growthgrowth--depending effectsdepending effects areare mediated by IGFsmediated by IGFs. The 
IGF-1 receptor is structurally related to the insulin receptor and has 
intrinsic tyrosine kinase activity.

IGF-1 receptor also can bind insulin and IGF-2. Insulin receptors also
are capable of binding IGF-1 and IGF-2, whereas the IGF-2 receptor 
does not bind insulin but can bind IGF-1.
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Metabolic EffectsMetabolic Effects

¾Protein metabolism: In general, growth hormone stimulates protein 
anabolism in many tissues. This effect reflects increased amino acid
uptake, increased protein synthesis and decreased oxidation of proteins.

¾Fat metabolism: Growth hormone enhances the util ization of fat by 
stimulating triglyceride breakdown and oxidation in adipocytes.

¾Carboh ydrate metabolism: Growth hormone is one of a battery of
hormones that serves to maintain b lood g lucose within a normal 
range. Growth hormone is often said to have anti-insulin activity,
because it supresses the abili ties of insulin to stimulate uptake of
glucose in peripheral tissues and enhance glucose sy nthesis in the
li ver. Somewhat paradoxically, administration of growth ho rmone 
stimulates insulin secretion, leading to hyperinsulinemia.

Drugs usedDrugs used in the Treatment of in the Treatment of SyndromesSyndromes ofof Growth Growth 
Hormone ExcessHormone Excess

Dopamine agonistsDopamine agonists ((bromocriptinebromocriptine))

SomatostatinSomatostatin andand analoguesanalogues
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SomatostatinSomatostatin andand analoguesanalogues::
octreotideoctreotide, , lanreotidelanreotide, , vapreotidevapreotide

Two forms of somatostatin are synthesized. They are referred to as SS-14 and SS-28, reflecting their
amino acid chain length. Both forms of somatostatin are generated by proteolytic cleavage of
prosomatostatin, which itself is derived from preprosomatostatin. Two cysteine residules in SS-14
allow the peptide to form an internal disulfide bond.

The relative amounts of SS-14 versus SS-28 secreted depends upon the tissue. For example, SS-14 is
the predominant form produced in the nervous system and apparently the sole form secreted from
pancreas, whereas the intestine secretes mostly SS-28. 
In addition to tissue-specific differences in secretion of SS-14 and SS-28, the two forms of this 
hormone can have different biological potencies. SS-28 is roughly ten-fold more potent in inhibition of
growth hormone secretion, but less potent that SS-14 in inhibiting glucagon release. Five 
stomatostatin receptors have been identified and characterized, all of which are members of the 
G protein-coupled receptor superfamily. Each of the receptors activates distinct signalling 
mechanisms within cells, although all inhibit adenylyl cyclase. Four of the five receptors do not 
differentiate SS-14 from SS-28. 

PharmaceuticalPharmaceutical andand Biotechnological UsesBiotechnological Uses ofof Growth HormoneGrowth Hormone

In years past, growth hormone purified from human cadaver pituitaries was used to treat children 
with severe growth retardation. More recently, the virtually unlimited supply of recombinant growth 
hormone has lead to several other applications to human and animal populations.
Human growth hormone is commonly used to treat childrenHuman growth hormone is commonly used to treat children ofof pathologicallypathologically short stature.short stature.
There is concern that this practice will be extended to treatment of essentially normal children - so
called "enhancement therapy" or growth hormone on demand. Similarly, growth hormone has been 
used by some to enhance atheletic performance. Although growth hormone therapy is generally 
safe, it is not as safe as no therapy and does entail unpredictable health risks. Parents that request 
growth hormone therapy for children of essentially-normal stature are clearly misguided. 
TheThe rolerole ofof growth hormonegrowth hormone inin normal aging remains poo rly understoodnormal aging remains poo rly understood,, butbut some of thesome of the
cosmetic symptomscosmetic symptoms ofof aging appear to be amenable to growth hormone therapyaging appear to be amenable to growth hormone therapy.. This is an 
active area of research, and additional information and recommendations about risks and benefits 
will undoubtedly surface in the near future.
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Growth ho rmone is currently approvedGrowth ho rmone is currently approved andand marketed for enhancingmarketed for enhancing milk milk 
production inproduction in dairy catt ledairy catt le. There is no doubt that administration of bovine somatotropin 
to lactating cows results in increased milk yield, and, depending on the way the cows are
managed, can be an economically-viable therapy. However, this treatment engenders 
abundant controversy, even among dairy farmers. One thing that appears clear is that 
drinking milk from cattle treated with bovine growth hormone does not pose a risk to 
human health.

Another application of growth hormone in animal agriculture is treatment of growing pigs 
with porcine growth hormone. Such treatment has been demonstrated to significantly 
stimulate muscle growth and reduce deposition of fat. 

Growth hormoneGrowth hormone--releasing hormonereleasing hormone (GHRH)(GHRH)

Is a single polypeptide chain of 44 amino acid residues 
derived from a 108 amino acid residue precursor.

The binding of GHRH to its cognate receptor (a
member of the G-protein-coupled receptor family)
results in the activation od adenyl cyclase and
increased cyclic AMP levels in somatotropes, resulting
in a stimulation of the synthesis, via increased 
transcription of the GHRH gene, and release of GHRH.

GHRH is used mainly as a diagnostic agent
(hypothalamic or pituitary growth deficit?)
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ProlactinProlactin

ProlactinProlactin isis a singlea single--chain protein hormone closely chain protein hormone closely 
related to g rowth hormonerelated to g rowth hormone.. It is sec reted byIt is sec reted by soso--called called 
lactotrophslactotrophs in thein the anterior pituitaryanterior pituitary.. It is also synthesizedIt is also synthesized
andand secreted bysecreted by aa broad rangebroad range ofof other cellsother cells in the body,in the body,
most prominently variousmost prominently various immuneimmune cellscells, the, the brainbrain and the and the 
decidua of thedecidua of the pregnant uteruspregnant uterus..
Prolactin Prolactin is synthesized asis synthesized as aa prohormoneprohormone.. Following cleavageFollowing cleavage
of theof the signal peptidesignal peptide, the, the lengthlength of the matureof the mature hormone is hormone is 
betweenbetween 194 and 199 amino194 and 199 amino acidsacids,, dependingdepending onon speciesspecies..
Hormone structure is stabilized by three intramolecular Hormone structure is stabilized by three intramolecular 
disulfide bondsdisulfide bonds. . 
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Mammary Gland DevelopmentMammary Gland Development, Milk Production and, Milk Production and ReproductionReproduction

In the 1920's it was found that extracts of the pituitary gland, when injected into virgin 
rabbits, induced milk production. Subsequent research demonstrated that prolactin has two
major roles in milk production:

•Prolactin induces lobuloalveolar growth of the mammary gland. Alveoli are the
clusters of cells in the mammary gland that actually secrete milk.

•Prolactin stimulates lactogenesis or milk production after giving birth. Prolactin, along 
with cort isol and insulin, act together to stimulate transcription of the genes that 
encode milk proteins.

The critical role of prolactin in lactation has been confirmed in mice with targeted 
deletions in the prolactin gene. Female mice that are heterozygous for the deleted 
prolactin gene (and produce roughly half the normal amount of prolactin) show failure 
to lactate after their first pregnancy.

Prolactin also appears important in several non-lactational aspects of reproduction. In 
some species (rodents, dogs, skunks), prolactin is necessary for maintainance of
corpora lutea (ovarian structures that secrete progesterone, the "hormone of
pregnancy" ). Mice that are homozygous for an inactivated prolactin gene and thus 
incapable of secreting p rolactin are infertile due to defects in ovulation, ferti lization,
preimplantation development and implantation.

Finally, prolactin appears to have stimulatory effects in some species on reproductive
or maternal behaviors such as nest building and retr ieval of scattered young. 
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EffectsEffects on Immuneon Immune FunctionFunction

The prolactin receptor is widely expressed by immune
cells, and some types of lymphocytes synthesize and 
secrete prolactin. These observations suggest that 
prolactin may act as an autocrine or paracrine modulator
of immune activity. Interestingly, mice wi th homozygous 
deletions of the prolactin gene fail to show significant 
abnormali ties in immune responses. 
A considerable amount of research is in progress to
delineate the role of prolactin in normal and patholog ic
immune responses. It appears that prolactin has a
modulatory role in several aspects of immune function,
but is not strictly required for these responses. 

Control of Prolactin Control of Prolactin SecretionSecretion

In contrast to what is seen with all the other pituitary hormones, the
hypothalamus tonically supp resses prolactin secretion from the pituitary. In
other words, there is usually a hypothalamic "brake" set on the lactotroph, and
prolactin is secreted only when the brake is released. If the pituitary stalk is cut,
prolactin secretion increases, while secretion of all the other pituitary hormones 
fall dramatically due to loss of hypothalamic releasing ho rmones. 
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Dopamine serves as the major prolactin-inhibit ing factor or brake on prolactin secretion.
Dopamine is secreted into po rtal blood by hypothalamic neurons, binds to receptors on
lactotrophs, and inhibits both the synthesis and secretion of prolactin. Agents and drugs 
that interfere with dopamine secretion or receptor binding lead to enhanced secretion of
prolactin. 

In addition to tonic inhibition by dopamine, prolactin secretion is posit ively regulated by several 
hormones, including thyroid-releasing ho rmone, gonadotropin-releasing hormone and
vasoactive intestinal polypeptide.

Stimulation of the nipples and mammary gland, as occurs during nursing, leads to prolactin 
release. This effect appears to be due to a spinal reflex arc that causes release of prolactin-
stimulating ho rmones from the hypothalamus.

Estrogens provide a well -studied positive control over prolactin synthesis and secretion. 
The increasing blood concentrations of estrogen during late pregnancy appear responsible 
for the elevated levels of prolactin that are necessary to prepare the mammary gland for 
lactation at the end of gestation. 
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Excess ive secretionExcess ive secretion ofof prolactin isprolactin is a relative a relative 
commoncommon disorderdisorder inin humanshumans.. This condition has This condition has 
numerous causesnumerous causes ,, including prolactinincluding prolactin--secreting secreting 
tumorstumors andand therapy wi th certain drugstherapy wi th certain drugs..

HyperprolactinemiaHyperprolactinemia

Bromocriptine is used to treat amenorrhea, a condition in which the menstrual period does not 
occur; infertility (inability to get pregnant) in women; abnormal discharge of milk from the breast;
hypogonadism; Parkinson's disease; and acromegaly, a condition in which too much growth 
hormone is in the body. T ½: 2-8 hrs.

DopamineDopamine--receptor agonistsreceptor agonists

Pergolide is used with another medication to treat the symptoms of Parkinson's disease (a disorder
of the nervous system that causes difficulties with movement, muscle control, and balance).
Pergolide is in a class of medications called dopamine agonists. It works by acting in place of
dopamine, a natural substance in the brain that is needed to control movement.

Cabergoline is used to treat different types of medical problems that occur when too much of the
hormone prolactin is produced. It can be used to treat certain menstrual problems, fertility problems
in men and women, and pituitary prolactinomas (tumors of the pituitary gland). T ½: 65 hrs.

Quinagolide prevents the production of a chemical called prolactin. It is therefore helpful in
preventing or reducing milk production for medical reasons, treating some types of infertility, breast 
problems and menstrual problems. It also affects the production of growth hormone and has been 
used for the treatment of conditions such as acromegaly, a disease which causes enlargement of 
the hands, feet and face. T ½: 22 hrs.
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ThyroidThyroid--stimulating ho rmonestimulating ho rmone

ThyroidThyroid--stimulating hormonestimulating hormone, also known as thyrotrop in,
is sec reted from cells in the anterior pituitary called 
thyrotrophs, finds its receptors on epithelial cells in the
thyroid gland, and stimulates that gland to synthesize and
release thyroid hormones. 

The most important controller of TSH secretion is 
thyroid-releasing hormone. Thyroid-releasing hormone is 
secreted by hypothalamic neurons into hypothalamic-
hypop hyseal portal blood, finds its receptors on
thyrotrophs in the anterior pituitary and stimulates 
secretion of TSH. 

Secretion of thyroid-releasing hormone, and hence, TSH,
is inhibited by high blood levels of thyroid hormones in a
class ical negative feedbacknegative feedback looploop . 
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Thyroid Thyroid 
glandgland ThyroxineThyroxine (T4)(T4) Most Most 

tissuestissues
Acts to regulateActs to regulate thethe body’s body’s 
metabolicmetabolic raterate

TriTri --iodothyronineiodothyronine
(T3)(T3)

Most Most 
tissuestissues

Acts to regulateActs to regulate thethe body’s body’s 
metabolicmetabolic raterate

Feedback loops are used extensively to 
regulate secretion of hormones in the 
hypothalamic-pituitary axis. An important example
of a negative feedback loop is seen in control of
thyroid hormone secretion. The thyroid hormones
thyroxine and triiodothyronine ("T4 and T3") are
synthesized and secreted by thyroid glands and
affect metabolism throughout the body. The basic
mechanisms for control in this system (illustrated 
to the right) are: 

•Neurons in the hypothalamus secrete thyroid releasing 
hormone (TRH), which stimulates cells in the anterior pituitary to
secrete thyroid-stimulating hormone (TSH).

•TSH binds to receptors on epithelial cells in the thyroid gland,
stimulating synthesis and secretion of thyroid hormones, which 
affect probably all cells in the body.

•When blood concentrations of thyroid hormones increase 
above a certain threshold, TRH-secreting neurons in the
hypothalamus are inhibited and stop secreting TRH. This is an 
example of "negative feedback".
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Inhibition of TRH secretion leads to shut-off of TSH
secretion, which leads to shut-off of thyroid 
hormone secretion. As thyroid hormone levels 
decay below the threshold, negative feedback is 
relieved, TRH secretion starts again, leading to
TSH secretion ... 

Constructing Thyroid HormonesConstructing Thyroid Hormones

The entire synthetic process occurs in three major steps, which are, at least in 
some ways: 

•Production and accumulation of the raw materials

•Fabrication or synthesis of the hormones on a backbone or scaffold of
precursor

•Release of the free hormones from the scaffold and secretion into b lood
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The recipe for making thyroid hormones calls for two 
principle raw materials:

•Tyrosines are provided from a large glycoprotein scaffold 
called thyrog lobulin, which is synthesized by thyroid 
epithelial cells and secreted into the lumen o f the folli cle -
colloid is essentially a pool of thyrog lobulin. A molecule
of thyrog lobulin contains 134 tyrosines, although only a
handful of these are actually used to synthesize T4 and 
T3.

•Iod ine, or more accurately iodide (I-), is avidly taken up
from blood by thyroid epithelial cells, which have on their outer
plasma membrane a sodium-iodide symporter or "iodine trap". 
Once inside the cell, iodide is transported into the lumen of the
follicle along with thyroglobulin. 

Fabrication of thyroid ho rmones is conducted by the enzyme thyroid peroxidase, an integral
membrane protein p resent in the apical (colloid-facing) plasma membrane of thyroid epithelial cells.
Thyroid peroxidase catalyzes two sequential reactions:

1.Iodination of tyrosines on thyroglobulin (also known as "organification of iodide").
2.Synthesis of thyroxine (or triiodothyronine) from two iodotyrosines. 

Through the action of thyroid peroxidase, thyroid hormones accumulate in colloid, 
on the surface of thyroid epithelial cells. Remember that hormone is still tied up in
molecules of thyroglobulin - the task remaining is to liberate it from the scaffold and 
secrete free hormone into blood.
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Thyroid ho rmones are excised from their thyroglobulin scaffold by digestion in
lysosomes of thyroid epithelial cells. This final act in thyroid hormone synthesis proceeds
in the following steps: 

•Thyroid epithelial cells ingest colloid by 
endocytosis from their apical borders -
that colloid contains thyroglobulin 
decorated with thyroid hormone.

•Colloid-laden endosomes fuse with 
lysosomes, which contain hydrolytic 
enzymes that digest thyroglobluin,
thereby liberating free thyroid 
hormones.

•Finally, free thyroid hormones 
apparently diffuse out of lysosomes, 
through the basal plasma membrane of 
the cell, and into blood where they 
quickly bind to carrier proteins for 
transport to target cells. 

Receptors for thyroid hormones are intracellular DNA-
binding proteins that function as hormone-responsive 
transcription factors, very similar conceptually to the 
receptors for steroid hormonesreceptors for steroid hormones.
Despite being derived from an amino acid, thyroid 
hormones are hydrophobic in character and appear to 
enter cells and nuclei by diffusion through cell 
membranes. Once inside the nucleus, the hormone binds 
its receptor, and the hormone-receptor complex 
interacts wi th specific sequences of DNA in the
promoters of responsive genes. The effect of receptor 
binding to DNA is to modulate gene expression, either 
by stimulating or inhibiting transcription of specific 
genes. 
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Mammalian thyroid hormone receptors are encoded by two genes,
designated alpha and beta. Further, the primary transcript for each gene can
be alternatively spli ced, generating different alpha and beta receptor 
isoforms. Currently, four different thyroid hormone receptors are
recognized: alpha-1, alpha-2, beta-1 and beta-2.

Like other members of the nuclear receptor superfamily, thyroid hormone 
receptors encapsulate three functional domains: 

•A transactivation domain at the amino terminus that interacts with other 
transcription factors to form complexes that repress or activate 
transcription. There is considerable divergence in sequence of the
transactivation domains of alpha and beta isoforms and between the
two beta isoforms of the receptor. 

•A DNA-binding domain that binds to sequences of promoter DNA
known as hormone respon se elements. 

•A ligand-binding and dimerization domain at the carboxy-terminus. 

The DNA-binding domains of the different receptor isoforms are very 
similar, bu t there is considerable divergence among transactivation and
ligand-binding domains. Most notably, the alpha-2 isoform has a unique 
carboxy-terminus and does not bind triiodothyronine (T3). 

The different forms of thyroid receptors have patterns of expression that 
vary by tissue and by developmental stage.
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Physiologic EffectsPhysiologic Effects ofof Thyroid HormonesThyroid Hormones

It is li kely that all cells in the body are targets for 
thyroid hormones. While not strictly necessary for
li fe, thyroid hormones have profound effects on
many "big time" physiolog ic processes , such as 
development, growth and metabolism.

Metabolism: Thyroid hormones stimulate diverse metaboli c activities most 
tissues, leading to an increase in basal metabolic rate. One consequence of
this activity is to increase body heat production, which seems to result, at
least in part, from increased oxygen consumption and rates of ATP
hydrolysis. By way of analogy, the action of thyroid hormones is akin to blowing
on a smouldering fire. A few examples of specific metabolic effects of thyroid 
hormones include:

•Lipid metabolism: Increased thyroid hormone levels s timulate fat 
mobil ization, leading to increased concentrations of fatty acids in 
plasma. They also enhance oxidation of fatty acids in many tissues.
Finall y, plasma concentrations of cholesterol and triglycerides are
inversely correlated with thyroid hormone levels - one diagno stic 
indiction of hypothyroidism is increased blood cholesterol 
concentration.

•Carboh ydrate metabolism: Thyroid hormones stimulate almost all 
aspects of carboh ydrate metaboli sm, including enhancement of insulin-
dependent entry of glucose into cells and increased gluconeogenesis
and glycogenolysis to generate free glucose. 
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Growth: Thyroid hormones are clearly necessa ry for 
normal growth in children and young animals, as 
evidenced by the growth-retardation observed in thyroid 
deficiency. Not surprisingly, the growth-promoting effect of
thyroid hormones is intimately intertwined with that of growth 
hormone, a clear indiction that complex physiologic 
processes like growth depend upon multiple endocrine
controls.

Development: A class ical experiment in endocrinology 
was the demonstration that tadpoles deprived of thyroid 
hormone failed to undergo metamorphosis into frogs. Of
critical importance in mammals is the fact that normal 
levels of thyroid hormone are essential to the
development of the fetal and neonatal brain. 

Other Effects: As mentioned above, there do not seem to be organs
and tissues that are not affected by thyroid hormones. A few
add itional, well -documented effects of thyroid hormones include:

•Cardiovasc ular sys tem: Thyroid ho rmones increases heart rate,
cardiac contractility and cardiac output. They also promote 
vasod ilation, which leads to enhanced blood flow to many 
organs.
•Central nervous sys tem: Both decreased and increased 
concentrations of thyroid ho rmones lead to alterations in mental
state. Too little thyroid hormone, and the individual tends to feel 
mentall y sluggish, while too much induces anxiety and
nervousness.
•Reprodu ctive sys tem: Normal reproductive behavior and
physiology is dependent on having essentiall y normal levels of
thyroid ho rmone. Hypothyroidism in particular is commonly 
associated with infertility. 
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Factors thatFactors that alteralter bindingbinding ofof Thyroxine to ThyroxineThyroxine to Thyroxine--
binding g lobulinbinding g lobulin

INCREASE BINDING

Estrogens
Methadone
Clofibrate
5-Fluorouracile
Heroin
Tamoxifen

Liver diesease
Porphyria
HIV infection
Inheritance

DECREASE BINDING

Glucocorticoids
Androgens
L-Asparaginase
Salicy lates
Mefenamic Acid
Antiseizures medications
(Phenyoin, carbamazepine)
Furosemide

Inheritance
Acute and chronic illness

DrugsDrugs

Systemic factorsSystemic factors
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The antithyroid drugs most frequently used today are chemicals known as 
thioureylenesthioureylenes, which belong to the thionamide family. Thioureylene compounds
include propylthiouracil (PTU) and methimazole . In Great Britain and Europe,
carbimazole, a derivative of methimazole is most often used. The active 
ingredient in both compounds is the same.

Other ATDs include aniline derivatives such as sulfonamides and polyhdric 
phenols such as resorcinol.
Other compounds with antithyroid properties include l ithium salts, high
concentrations of saturated potassium iodine, thiouracil derivatives, oral 
imaging contrast dyes, some anticonvulsant drugs and iodide transport (ionic)
inhibitors such as perchlorate.

ThioureylenesThioureylenes

Antithyroid drugs inhibit the formation of thyroid hormones by 
interfering wi th the incorporation of iodine into tyroyl resideus
of thyroglobulin.

They also inhibit the coupling of these iodotyrosyl residues to 
form iodothyrosines. This implies that they interfere with the
oxidation of iodide ion and iodotyrosyl groups.

Drugs inhibit the peroxidase enzymeperoxidase enzyme, thereby preventing 
oxidation of iodide or iodotyrosyl groups to the required active
state: antithyroid drugs bind to and inactivate the peroxidase 
only when the heme of the enzyme is in the oxidized state.



25

Ion ic Inh ibitorsIon ic Inh ibitors

The term designates the substances that interfere wi th
the concentration of iod ide by the thyroid g land.
The effective agents are themeselves anions that in 
some ways resemble iodide; they are all monovalent,
hydrated anions of a size similar to that of iod ide.
The most studied example, thiocyanate, differs from the
others quali tatively; it is not concentrated by the gland, 
and in large amounts it inhibits the organification of
iod ine.
Perchlorate in 10 times as active as thiocyanate, but it 
causes fatal aplastic anemia when given in excess ive 
amounts. Fluoborate is effective as perchlorate.
Lithium decreases s ecretion of T4 and T3.
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Adrenocorticotrop ic hormoneAdrenocorticotrop ic hormone
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Adrenocorticotrop ic hormoneAdrenocorticotrop ic hormone, as its name implies,
stimulates the adrenal cortex. More specifically, it 
stimulates sec retion of glucocorticoids such as 
cortisol, and has li ttle control over secretion of
aldosterone, the other major steroid hormone from the
adrenal cortex. Another name for ACTH is corticotropin. 
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ACTH is sec reted from the anterior pituitary in
response to corticotrop in-releasing hormone from
the hypothalamus. corticotropin-releasing hormone 
is sec reted in response to many types of stress ,
which makes se nse in view of the "stress 
management" functions of glucocorticoids.
Corticotropin-releasing h ormone itself is inhibited by 
glucocorticoids, making it part of a class ical negative negative 
feedbackfeedback looploop. 

Within the pituitary gland, ACTH is produ ced in a process that also generates several other hormones. A
large precursor protein named proop iomelanocortinproop iomelanocortin (POMC, "Big Mama" ) is sy nthesized and
proteolytically chopp ed into several fragments as depicted below. Not all of the cleavages occur in all 
species and some occur on ly in the intermediate lobe of the pituitary. 

The major attributes of the hormones other than ACTH that are produced in this process are summarized as 
follows:

•Lipo trop in: Originally described as having weak lipo lytic effects, its major importance is as the
precursor to beta-endo rph in.

•Beta-endo rph in and Met-enkephalin: Opioid peptides with pain-alleviation and eupho ric effects.

•Melanocyte-stimulating ho rmone (MSH): Known to control melanin p igmentation in the skin of
most vertebrates. 
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The adrenal cortex synthesizes two classes of
steroids:
the corticosteroids (glucocosrticoids and
mineralcorticoids), which have 21 carbon atoms, and 
the androgens, which have 19.
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Adrenal Adrenal 
cortexcortex

CortisolCortisol Most t issuesMost t issues InvolvedInvolved in ain a hug e arrayhug e array ofof physiological functions including b lood physiological functions including b lood 
pressure regulationpressure regulation , immune system, immune system functioningfunctioning andand blood glucose blood glucose 
regulationregulation ..

AldosteroneAldosterone KidneyKidney Acts to maintain blood p ressure by causing saltActs to maintain blood p ressure by causing salt and waterand water retentionretention..

AndrogensAndrogens Most t issuesMost t issues Steroid ho rmones that promote developmentSteroid ho rmones that promote development of maleof male characteristicscharacteristics ..
Physiological function un clearPhysiological function un clear ..

Adrenal Adrenal 
medullamedulla

AdrenalineAdrenaline andand
noradrenalinenoradrenaline (the(the
catecholaminescatecholamines))

Most t issuesMost t issues InvolvedInvolved inin many physiological systems including blood p ressure many physiological systems including blood p ressure 
regulationregulation ,, gastrointestinal movementgastrointestinal movement andand patencypatency of theof the airwaysairways..
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EffectsEffects

Carbohydrate and Protein metabolism
Glucocorticoids protect glucose-dependent t issues
(brain and heart) from starvation. This is achieved by 
stimulating the liver to form glucose from amino
acids and glycerol and by stimulating the deposition
of glucose as  liver glycogen. 
In the periphery, glucocorticoids diminish glucose 
utili zation, increase protein breakdown, and activate 
lipolysis, thereby providing amino acids and glycerol 
for gluconeogenesis. The net result is to increase 
blood glucose levels.

EffectsEffects

Lipid metabolism
Glucocorticoids have two effects firmly established. 
The first is the dramatic redistribution of body fat that 
occurs in sett ings of hypercorticism such as 
Cushing’s syndrome. The other is the permiss ive
facil itation of the effect of other agents, such as 
growth hormone and ββ- adrenergic receptor agonists, 
in inducing lipolysis in adipocytes, with a resultant 
increase in free fatty acids following glucocorticoid 
administration.
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EffectsEffects

Electrolyte and Water balance
Aldosterone is by far the most potent naturally 
occurr ing corticosteroid wi th respect to fluid and
electrolyte balance. Mineralcorticoids act on the
distal tubules and collecting ducts of the kidney to 
enhance reabsorption of Na+ from tubular fluid; they 
also increase the urinary excretion of both K+ or H+,
although the molecular mechanism of monovalent 
cation handling is not a simple 1:1 exchange of
cations in the renale tubule.
Glucocorticoids also exert effects on fluid and
electrolyte balance, largely due to to permiss ive
effects on tubular function and actions that maintain 
gloerular fil tration rate, having a permiss ive role in 
the renal excretion of free water and Ca2+.

EffectsEffects

Cardiovascular system
The most striking effects of corticosteroids result 
from mineralcorticoid-induced changes in renal Na+

excretion as is evident in primary aldosteronism.
The resultant hypertension can lead to a diverse
group od adverse effects on the cardiovascular
system, icluding increased atherosc lerosis, cerebral 
hemorhage, stroke, and hypertensive 
cardiomyopp athy.
The second major action on the CVS is to enhance 
vascular reactivity to o ther vasoactive substances.
Hypoadrenalism generally is ass ociated with 
hypotension and reduced response to 
vasoconstrictors such as norepinephrine and
angiotensin II.
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EffectsEffects

Skeletal musc le
Permiss ive concentrations of corticosteroids are
required for the normal function of ske letal musc le;
diminished work capacity is a prominent sign of
adrenocortical insuff iciency.

EffectsEffects

Central Nervous System
Glucocorticoids exert a number of indirect effects on 
CNS, through maintenance of blood p ressure, plasma
glucose concentrations, and electrolyte 
concentrations. Improved awareness of the
distribution and function of steroid receptors in the
brain has led to increasing recognition of direct
effects of corticosteroids on the CNS, including 
effects on mood, behavior, and brain excitabil ity.
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EffectsEffects

Formed elements of blood
Glucocorticoids exert minor effects on hemoglobin
and erythrocyte content of blood, as evidenced by the
frequent occurrence of plycythemia in Cushing’s 
syndrome and o f normochromic, normocytic anemia 
in Add ison’s disease. More profound effects are seen
in the sett ing of autoimmune hemolytic anemia,
where the immunosuppress ive effects of
glucocorticoids can diminish the self-destruction of
erythrocytes. Corticosteroids also affect circulating 
white blood cells. The administration of
glucocorticoids leads to a decreased nu mber of
circulating lymphocytes, eosinophils, monocytes, 
and basophils. 

EffectsEffects

Anti-inflammatory and immunosuppress ive ac tions
In add ition to their effects on lymphocyte number,
corticosteroids profoundly alter the immune
responses of lymphocytes. These effects are an 
important facet of the anti-inflammatory and
immunosuppress ive actions of the glucocorticoids.
They can prevent or suppress inflammation in
response to multiple inciting events, including 
radiant, mechanical, chemical, infectious, and
immunolog ical stimuli . 
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ToxicityToxicity ofof Adrenocortical SteroidsAdrenocortical Steroids

Two categories of toxic effects result f rom the
therapeutic use of corticosteroids: those resulting 
from wi thdrawal of steroid therapy (iatrogenic
acute adrenal insuff iciency in long-term treatment) 
and those resulting from continued use of
supraphysiolog ical doses (hypokalemic alkalosis, 
edema, hypertension, susceptibility to infection or
reactivation of latent ill ness , risk of peptic ulcers,
myopathy, behavioral changes, cataracts,
osteoporosis, osteonecrosis, growth retardation).

Therapeutic UsesTherapeutic Uses

With the exception of replacement therapy in
deficiency states, the use of glucocrticoids largely 
is empirical.
Replacement therapy (acute adrenal insuff iciency,
chronic primary adrenal insuffciency, secondary 
adrenal insuff icency, congenital adrenal 
hyperplasia); nonendocrine disease (rheumatic 
disorders, allergic diseases , bronchial asthma,
infectious diseases, ocular, renal, sk in, hepatic,
gastrointestinal disease, malignancies, cerebral
edema, sarcoidosis, thrombocytopenia,
autoimmune destruction of erythrocytes, organ 
transplantation, stroke and spinal cord injury).
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Inh ibitorsInh ibitors of theof the biosynthesisbiosynthesis and and 
action o faction o f adrenocortical steroidsadrenocortical steroids

Mitotane (o,p’-DDD) (chemicall y similar to insecticides DDT)
Metyrapone
Aminog lutethimide (CYP450 inhibitors)
Ketoconazole
Trilostane (inhibitor of 3ββ-hydroxisteroid dehydrogenase)
Metyrapone (inhibitor of CYP45011β β 1111ββ−− hydroxylation))

Mifepristone, progesterone receptor antagonist, acts as 
antiglucocorticoid agent. At higher doses, it inhibits the 
glucocorticoid receptor, block ing feedback regulation of 
the HPA axis and increasing endogenous ACTH and
cortisol levels.

Luteinizing ho rmoneLuteinizing ho rmone (LH) (LH) 

Folli cleFolli cle--stimulating ho rmonestimulating ho rmone (FSH)(FSH)
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Luteinizing hormoneLuteinizing hormone (LH) (LH) andand foll iclefoll icle--stimulating stimulating 
hormonehormone (FSH)(FSH) areare called gonadotropins because called gonadotropins because 
stimulatestimulate thethe gonadsgonads -- inin malesmales, the, the testestestes, and in, and in
femalesfemales, the, the ovariesovaries.. TheyThey areare not necess ary fornot necess ary for li fe,li fe,
butbut areare essential for reproductionessential for reproduction.. These two These two 
hormoneshormones areare secreted from cellssecreted from cells in thein the anterior anterior 
pituitary called pituitary called gonadotrophsgonadotrophs.. Most gonadotrophsMost gonadotrophs
secretesecrete onlyonly LH or FSH,LH or FSH, butbut somesome appear toappear to secretesecrete
both hormonesboth hormones. . 

LH and FSH areLH and FSH are large glycoproteins composedlarge glycoproteins composed ofof alphaalpha
and betaand beta subunitssubunits. The. The alpha subunit is identicalalpha subunit is identical inin all all 
threethree ofof these anterior pituitary hormonesthese anterior pituitary hormones,, whilewhile the betathe beta
subunit is uniquesubunit is unique andand endows each hormone withendows each hormone with thethe
ability to bind its own receptorability to bind its own receptor..

Luteinizing Hormone
In both sexes , LH stimulates sec retion of sex
steroids from the gonads. In the testes, LH binds to 
receptors on Leydig cells, stimulating synthesis and
secretion of testosterone. Theca cells in the ovary 
respond to LH stimulation by secretion of 
testosterone, which is converted into estrogen by 
adjacent granulosa cells.
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In females, ovulation of mature folli cles on the ovary is induced by a
large burst of LH secretion known as the preovulatory LH surge.
Residual cells wi thin ovulated follicles proliferate to form corpora lutea,
which secrete the steroid ho rmones progesterone and estradiol. 
Progesterone is necessa ry for maintenance of pregnancy, and, in most 
mammals, LH is required for continued development and function of
corpora lutea. The name luteinizing ho rmone derives from this effect of
inducing luteinization of ovarian foll icles. 

Follicle-Stimulating Hormone
As its name implies, FSH stimulates the
maturation of ovarian folli cles. Administration of 
FSH to humans and animals induces
"superovulation" , or development of more than
the usual number of mature follicles and hence,
an increased number of mature gametes. 
FSH is also critical for sperm production. It 
suppo rts the function of Sertoli cells, which in 
turn suppo rt many aspects of sperm cell 
maturation. 
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Control ofControl of Gonadotropin SecretionGonadotropin Secretion
The principle regulator of LH and FSH secretion is 
gonadotropin-releasing hormone or GnRH (also 
known as LH-releasing hormone). GnRH is a ten 
amino acid peptide that is synthesized and secreted 
from hypothalamic neurons and binds to receptors on
gonadotrophs. 

GnRH stimultes secretion of LH, which
in turn stimulates gonadal secretion of 
the sex steroids testosterone, 
estrogen and progesterone. In a
classical negative feedback loop , 
sex steroids inhibit secretion of
GnRH and also appear to have
direct negative effects on
gon adotroph s. 
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This regulatory loop leads to pulsatilepulsatile secretionsecretion of LH 
and, to a much lesser extent, FSH. The number of
pulses of GnRH and LH varies from a few per day to
one or more per hour. In females, pulse frequency is 
clearly related to stage of the cycle.

Numerous hormones influence GnRH secretion, and 
positive and negative control over GnRH and gonadotropin 
secretion is actually considerably more complex than 
depicted in the figure. For example, the gonads secrete at
least two additional hormones - inhibin and activin - which 
selectively inhibit and activate FSH secretion from the
pituitary. 

Ovary Oestrogens
Breast, Uterus,
Internal and external 
genitalia

Acts to promote development of female primary and
secondary sexual characteristics. Important role in
preparing the uterus for implantation of embryo.

Progesterone BreastUterus Affects female sexual characteristics and important in the
maintenance of pregnancy.

Testis Testosterone Sexual organs Promotes the development of male sexual characteristics 
including sperm development
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Disease StatesDisease States

Diminished secretion of LH or FSH can result in failure
of gonadal function (hypogo nadism). This condition is 
typically manifest in males as  failure in production of
normal numbers of sperm. In females, cessation of
reproductive cycles is commonly observed.
Elevated b lood levels of gonadotropins usually reflect 
lack of steroid negative feedback. Removal of the
gonads from either males or females, as is commonly 
done to animals, leads to persistent elevation in LH and 
FSH. In humans, excess ive secretion of FSH and/or LH
most commonly the result of gonadal failure or pituitary 
tumors. In general, elevated levels of gonadotropins per 
se have no biological effect. 
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Pharmacologic ManipulationPharmacologic Manipulation ofof Gonadotropin Gonadotropin 
SecretionSecretion

Normal patterns of gonadotropin secretion are absolutely 
requ ired for reproduction, and interfering particularly wi th LH
secretion is a widely-used strategy for contraception. Oral 
contraceptive pills contain a progestin (progesterone-mimicking 
compound), usually combined with an estrogen. As discussed 
above, progesterone and estrogen inhibit LH secretion, and oral 
contraceptives are effective because they inhibit the LH surge 
that induces ovulation.
Another route to suppressing gonadotropin secretion is to block the
GnRH receptor. GnRH receptor antagonists have potent 
contraceptive effects in both males and females, but have not been 
widely deployed for that purpose. 

GonadotropinGonadotropin--releasing ho rmonereleasing ho rmone ((GnRHGnRH) ) analoguesanalogues

Administration of gonadorelin analogu es produces an initial phase of 
stimulation; continued administration is followed by down-regulation of
gonadotropin-releasing hormone receptors, thereby reducing the release 
of gonadotrophins (follicle stimulating hormone and luteinising hormone) 
which in turn leads to inhibition of androgen and estrogen production.
Gonadorelin analogues are used in the treatment of endometriosis, 
infertility, anaemia due to u terine fibroids (together wi th iron 
supplementation), breast cancer , prostate cancer , and b efore intra-
uterine surgery. Use of leuprorelin and triptorelin for 3 to 4 months before 
surgery reduces the uterine volume, fibroid size and associated bleeding. 
For women undergoing hysterectomy or myomectomy, a vaginal 
procedure is made more feasible following the use of a gonadorelin
analogue.

Buserelin Buserelin –– Goserelin Goserelin -- Leuprorelin acetate Leuprorelin acetate –– Nafarelin Nafarelin -- TriptorelinTriptorelin
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Danazol is a synthetic steroid derived from ethisterone. It is antiestrogenic 
and weakly androgenic. It inhibits pituitary gonadotrophins; it combines 
androgenic activity with antioestrogenic and antiprogestogenic activity. It is 
used in the treatment of endometriosis and has also been used for 
mammary dysplasia and gynaecomastia where other measures have 
proved unsatisfactory; it has been used for menorrhagia and other 
menstrual disorders but in view of its side effects, treatment with other drugs 
may be preferable.
Gestrinone (GnRH-antagonist) has general actions similar to those of
danazol and is indicated for the treatment of endometriosis.
Cetroreli x and ganireli x are luteinising hormone releasing hormone 
antagonists and inhibit the releasing of gonadotrophins. They are used in 
assisted reproduction�

Drugs affecting gonadotrophinsDrugs affecting gonadotrophins

EstrogensEstrogens
Estrogens affect many tissues and have many metabolic 
actions (positive effects on bone mass; lipid metabolism;
glucose and insulin levels; increase of hormone binding 
proteins; effects on clotting casca de). They act primaril y by 
regu lating gene expression. These lipophilic hormones diffuse
passively through cellular membranes and bind to a receptor 
present in the nucleus that is highly homologous with receptor 
for the other steroid ho rmones, thyroid ho rmine, vitamin D, and
retinoids.

The reptor interacts with specific nucleotide sequences termed 
estrogen respon se elements (EREs) present in target genes, 
and this interaction increases, or in some cases decreases,
transcription of hormone-regulated genes.

They have role in the neuroendocrine control of the menstrual 
cyc le. They have developmental actions at puberty in girls and 
are respon sible for the secondary sex ual characteristics of
females.
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Therapeutic UsesTherapeutic Uses

•Contraceptive use
•Postmenopausal Hormone Replacement Therapy
•Failure of Ovarian Development

Concern about carcinogenic actionsConcern about carcinogenic actions

About 1980, epidemiological studies indicated that 
estrogen replacement therapy was ass ociated with 
large increase in the incidence of endometrial
carcinoma, presumably due in part to the
continuous s timulation of endometrial hyperplasia 
by unoppo sed estrogens.
This realization led to the use of HRT that includes 
both an estrogen, for its beneficial effects, and a
progestin to limit endometrial hyperplasia.
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ProgestinsProgestins
The progestins include the naturall y occurring ho rmone
progesterone, which rarely is used therapeutically, and a
number of frequently used synthetic compounds that have 
progestational activity.

They are quite lipophilic and diffuse freely into cells, where 
they bind to the progesterone receptor, a ligand-activated 
nuclear transcription factor that interacts with progesterone
respon se element in target genes to regulate thier expression.

Progesterone has neuroendocrine actions, producing several 
physiological effects in the luteal phase of the cyc le. It 
decreases estrogen-driven endometrial proliferation and leads 
to the development of a secretory endometrium. It influences
the endocervical glands activity. Acting with estrogen, it 
brings about a proliferation of the acini of mammary gland.
It has also effects on termoregulation and on lipid and glucose 
metabo lism.
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Therapeutic UsesTherapeutic Uses

The two most f requent uses of progestins are for 
contraception, either alone or with estradiol or
mestranol in oral contraceptives, and combined 
wi th estrogen for hormone replacement therapy of
postmenopausal women.
Progestins also are used in several sett ings for 
ovarian suppress ion, e.g., dysmenorrhea,
endometriosis, hirsutism, and uterine bleeding.
Among the oral progestins used besides 
medroxyprogesterone acetate in these settings
are norethindrone and norethindrone acetate.

Therapeutic UseTherapeutic Use
•Oral contraceptive that is taken every day

•Monoph asic contraceptives: contain the same amoun t of
progestin througho ut cycle.
•Biphasic and triphasic contraceptives: the amount of
progestin increases after the first third of the cycle to mimic
the natural estrogen:progesterone ratio changes that occur in 
the menstrual cycle.
•Pills containing no hormones are given for 7 days to allow the 
uterine lining to disintegrate and menstruation to occur.

•High-doses of birth control pills can be used up to 72 hours after
intercourse to prevent implantation

Mechanism of Action
•Estrogens and progestins inhibit ovulation by inhibiting the release of 
FSH and LH.

•Without FSH, the follicle will not grow and release estradiol.
•Without the LH surge, ovulation will not occur.

•Progestins make the lining of the uterus less hospitable to implantation
of the fertilized egg. They also thicken the cervical mucus so that it acts 
as a barrier to sperm.

EstrogenEstrogen--Progestin ContraceptivesProgestin Contraceptives
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Adverse EffectsAdverse Effects
•Thromboembolytic disease (deep vein thrombosis, pulmonary embolism,
stroke) is increased up to 6-fold in oral contraceptive users. The risk is 
much higher in smokers than non smokers, and also increases with age.

•Women with heart disease should not use oral contraceptives.
•Smokers over age 35 should not use oral contraceptives.

•Hypertension may occur - blood pressure should be monitored.
•Oral contraceptives can stimulate growth of pre-existing reprodu ctive system
cancers (e.g. breast cancer). Women who h ave or have had these cancers 
shou ld not take oral contraceptives.
•Oral contraceptives cause birth defects and should no t be taken by 
someone who thinks she is pregnant!
•Oral contraceptives can worsen liver and gallbladder disease.
•Oral contraceptives interact with many drugs, some of which make the
contraceptives potentially ineffective and pregnancy can occur!
•Oral contraceptives may increase the risk of a woman getting cervical cancer,
probably do not increase the risk of breast cancer (if given before menopause), 
and decrease the risk of endometrial and ovarian cancer. 
•Non-life-threatening side effects that usually go away after several months or 
can be decreased by changing the contraceptive dose/formulation include:
cramps, breakthrough bleeding, nausea/vomiting, dizziness, fluid retention,
weight gain, loss of appetite, stimulation of appetite, breast enlargement,
changes in sex drive, headaches, and fatigue.

ProgestinProgestin--Only ContraceptivesOnly Contraceptives

Therapeutic UseTherapeutic Use
•Long-term contraceptives:

•Injections (Depo-Provera® - lasts months)
•Intrauterine devices (Mirena® IUD - lasts 5 years): T-shaped 
devices, implanted in uterus, which slowly release progesterone.

•Emergency contraception after intercourse (Plan B®)
•Progestin "mini-pills" are used to treat endometriosis (overgrowth
of the lining of the uterus) but are not routinely used for 
contraception because they are less effective than estrogen-
progestin contraceptives.

•An exception to this is that progestin mini-pills are sometimes 
used by women who are breastfeeding because they do not 
decrease milk supply as much as the estrogen-progestin 
contraceptives do.
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MechanismMechanism of Actionof Action
•Injected and oral progestins act primarily by suppressing the LH surge 
that stimulates ovulation. They also make the lining of the uterus less 
hospitable to implantation and thicken the cervical mucus.

•This is the same mechanism that progestins have in the estrogen-
progestin oral contraceptives! 

•The amount of progestin in the mini-pill is not high enough to 
consistently inhibit ovulation. This is why it is less effective!

•Progestin-containing IUDs have mainly local effects on the lining of the
uterus - they make the lining of the uterus less hospitable to implantation
and thicken the cervical mucus. They inhibit ovulation in only a small 
percentage of women.

Adverse EffectsAdverse Effects
•For oral and injected progestins, the adverse effects
are similar to those of combined estrogen-progestin oral 
contraceptives:

•Elevated risk of thromboembolytic disease 
•Stimulation of growth of pre-existing 
reproductive system tumors
•Birth defects - do not use if pregnancy is 
suspected 
•Menstrual irregularity 
•Many other adverse effects are similar to estrgen-
progestin contraceptives. Too many to list here.

•For the IUD, the major side effects are localized at the
uterus:

•Increased risk of uterine infection
•Increased risk of ectopic pregnancy (fertili zed 
egg implants outside the uterus)
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AntiestrogensAntiestrogens

SERMs (Selective Estrogen Receptor Modulators): 
Tamoxifen and Clomiphene are used primarily for the treatment 
of breast cancer and female infertility, respectively. These agents
are used therapeutically for their antiestrogenic actions, but they
can produce estrogenic as well as antiestrogenic effects. 
Clomiphene is used for ovulation induction. Both agents 
competitively block estradiol binding to its receptor.Toremifene
also is used for its effects on breast tissue. Raloxifene is used in 
the treatment of postmenopausal osteoporosis.

Estrogen synthesis inhibitors can be used to decrease the effects
of endogenous estrogens by blocking thier synthesis.
Gonadotropin-releasing hormone (GnRH) or the use of long-
acting GnRH agonists prevent ovarian synthesis of estrogens, but 
not the peripheral synthesis of estrogens from adrenal 
androgens.

Another approach to anti-estrogen therapy is to lower
the amount of estrogen being produced by the body.
Aromatase: An enzyme involved in the production of 
estrogen that acts by catalyzing the conversion of 
testosterone  to estradiol. Aromatase is located in 
estrogen-producing cells in the adrenal glands, ovaries, 
placenta, testicles, adipose (fat) tissue, and brain. 

AIs do not block estrogen production by the ovaries, but 
they can block other tissues from making this hormone.
Currently, three AIs are approved by the U.S. Food and 
Drug Administration: anastrazole, exemestane, and 
letrozole, used primarily for post-menopausal women 
with metastatic breast cancer (cancer that has spread 
beyond the breast).

Aromatase InhibitorsAromatase Inhibitors ((AIsAIs))
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AntiprogestinsAntiprogestins

Mifepristone, derivate of the 19-nor progestin 
norethindrone, is a potent competitive antagonist of
both progesterone and glucocorticoid binding to thier 
respective receptors.

In the presence of progestins, mifepristone acts as a 
competitive receptor antagonist, but it is a partial 
agonist with weak activity when present alone.

PostPost--Implantation ContraceptivesImplantation Contraceptives
Mifepristone (RU486)

Therapeutic Use
•Used as a post-implantation contraceptive "abortion pill" in early 
pregnancy (up to 7 weeks gestation)

Mechanism of Action
•Acts as an antagonist of progesterone receptors.
•Since progesterone stimulates development of the uterine lining, blocking 
progesterone's effect causes breakdown of uterine lining and detachment
of implanted embryo or fetus.
•Another drug is given 24 hours after mifepristone to stimulate uterine
contractions to expel the fetus.

Adverse Effects
•GI upset: diarrhea, nausea, vomiting, 
•Uterine cramping and pain
•Heavy uterine bleeding for 1 -2 weeks; uterine hemmhorage occurs
in 5%
•Mifepristone can also cause headache, dizziness, and fatigue.
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AndrogensAndrogens

Testosterone is converted by steroid 5αα-reductases in
dihydrotestosterone, the active form of the hormone.

The enzyme is located largely in nongenital skin and liver, and is 
present principall y in the urogenital tract of the male and in the
genital skin of both sexes .

Testosterone and dihydrotestosterone binds to an intracellualr 
protein receptor, and the hormone-receptor complex is attached in 
the nucleus to specific hormone regulatory elements on the
chromosomes and acts to increase the synthesis of specific RNAs
and proteins.

Therapeutic UsesTherapeutic Uses

•Hypogo nadism
•Nitrogen balance and musc le development
•Stimulation of Erythropo iesis
•Hereditary Angioneurotic Edema (low levels or lak of 
the first component of complement)
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AntiandrogensAntiandrogens

InhibitorsInhibitors ofof Androgen SynthesisAndrogen Synthesis
GonadotropinGonadotropin--releasing ho rmonereleasing ho rmone ((GnRHGnRH) or agonists such as 
leuprolideleuprolide or gonadorelingonadorelin..
Antifungal agentsAntifungal agents of the imidazoleimidazole class inhibit CYP450
enzymes involved in steroid ho rmone biosynthesis.
SpironolactoneSpironolactone, an aldosterone antagonist, acts as a weak 
inhibitor of the binding of androgen to the androgen receptor 
bu t primaril y inhibits androgen biosynthesis. It is used in 
treatment of female hirsutism.

55αααα--reductases Inhibitorsreductases Inhibitors
FinasterideFinasteride preferentiall y blocks enzyme 2 but inhibits also 
enzyme 1. It causes a consistent decrease in prostate size in
prostatic hyperplasia patients.

AndrogenAndrogen--receptor Antagonistsreceptor Antagonists

Ciproterone AcetateCiproterone Acetate. Progesterone itself is a weak 
antiandrogen, and in the search for orall y active 
progestogens, Cyproterone acetate was found to be a potent 
androgen antagonist. It also po ssesses progestational activity
and suppresses the secretion of gonadotropins. The agent 
competes wi th dihydrotestosterone for binding to the
androgen receptor.

FlutamideFlutamide.. It is a non steroidal antiandrogen that is devoid of
other hormonal activity; it probably acts after conversion in 
vivo to 2-hydroxyflutamide, which is a potent competitive
inhibitor of binding of dihydrotestosterone to the androgen 
receptor.
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MaleMale ContraceptivesContraceptives

A variety of compounds, i naddition to the antiandrogens 
discussed above, can inhibit spermatogenesis.

Gossy polGossy pol, a phenolic compound extracted from the cotton 
plant, reduces sperm density. It causes hypokalemia and
weakness.
Gonadal steroidsGonadal steroids can suppress sec retion of FSH and LH, which
are requ ired for spermatogenesis and the syntheis of 
testosterone by the testes. While estrogens and progestinis are
effective contraceptives in men, suppression of testosterone
decreases both libido and potency; gynecomastia also may 
occur.
Potent agonistsPotent agonists andand antagonistsantagonists ofof GnRHGnRH can inhibit secretion
of gonadotropins and can be administered together with
testosterone.

TheThe posterior pituitaryposterior pituitary
This partThis part of theof the pituitary secretes two main hormonespituitary secretes two main hormones::

�� oxytocin oxytocin 

�� vasopressinvasopressin ((also known as antialso known as anti--diuretic hormonediuretic hormone, , 
ADH)ADH)
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Parathyroid 
glands Parathyroid 

hormone (PTH)
Kidney,
Bone cells

Increases blood calcium levels in the
blood when they are low

Calciton in
Kidney,
Bone cells

Decreases blood calcium levels when 
they are high

StomachStomach
GastrinGastrin StomachStomach PromotesPromotes acidacid secretionsecretion in thein the stomachstomach

SerotoninSerotonin (5(5--HT)HT) StomachStomach Causes c onstrictionCauses c onstriction of theof the stomach musc lesstomach musc les

Duod enumDuod enum andand
jejunumjejunum SecretinSecretin StomachStomach,,

LiverLiver Inhibi ts sec retions fromInhibi ts sec retions from thethe stomachstomach andand increasesincreases bile produ ctionbile produ ction

CholecystokininCholecystokinin
(CCK)(CCK)

LiverLiver , , 
PancreasPancreas

Stimulates releaseStimulates release of bileof bile fromfrom thethe gall bladdergall bladder andand causescauses the the 
pancreaspancreas to releaseto release digestivedigestive enzymesenzymes
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Pancreas
Insulin Musc le, fat t issue Acts to lower blood glucose levels

Glucagon Liver Acts to raise blood glucose levels

Somatostatin Pancreas Acts to inhibit glucagon and insulin release
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