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Chapter 1

Characteristics of chemical messengers

Hormones are chemical messengers

Hormones are signalling molecules synthesized within the body that regulate and
coordinate physiological and metabolic functions by acting on receptors located on or in
target cells. They can be produced by specialized secretory cells that are either
localized in secretory glands (Table 1) or within organs that have other primary
functions (Table 2). Depending on the cellular origin and the means by which they reach
their targets, the cellular messengers are given different names. The original definition
of hormones was restricted to chemical messengers produced within glands of internal
secretion and released into circulation in small quantities to act on distant receptors.
The term hormone is derived from the Greek word hormein, to excite, and the
alternative term, endocrine secretion and glands was coined from the Greek words
endos meaning internal and hrinein meaning to secrete. Examples of endocrine
secretions and glands are insulin and glucagon from the pancreatic islets of Langerhans
or the thyroid hormones from the thyroid gland.

More recently the definition of hormones has been extended to include chemical
messengers produced by other than specialized secretory cells and to signalling
molecules that reach their target receptors by routes other than circulation (Figure 1).
When the chemical messengers are released into the interstitial fluid space to act on the
receptors of adjacent cells, they are called paracrine secretions (from the Greek words
para, adjacent). An example of a paracrine messenger is somatostatin in the pancreatic
islets acting on adjacent insulin and glucagon cells. Sometimes the signalling molecules
are released by the cell into the interstitial fluid space to act on the receptors of the cell
that produced them. Such messenger action is called autocrine from the Greek word
autos meaning self.

Many growth factors act in autocrine fashion: they are elaborated by the same
cells that are the target of hormone actions. Often the same cell distributes its chemical
messengers in more than one fashion. Many gut chemical messengers have endocrine
as well as paracrine actions.
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Table 1:   Glandular Sources of Chemical Messengers

GLAND LOCATION HORMONE

Adrenal gland, cortex Adjacent to the dorsal
surface of the kidney

Aldosterone, androstenedione,
cortisol, dehydroepiandrosterone
(DHEA), estrone

Adrenal gland, medulla Core of the adrenal gland Enkephalins, epinephrine (E) or
adrenalin (A), norepinephrine (NE) or
noradrenalin (NA)

Gonads:  ovary Abdominal cavity Activin, androstenedione, inhibin,
estradiol, estriol, estrone, FSH-
releasing peptide, progesterone,
relaxin

Gonads:  testis Scrotum Activin, androstenedione, estradiol,
inhibin, mullerian-inhibiting substance,
testosterone

Pancreatic islets of
Langerhans

Distributed within pancreas
and located in the
abdominal cavity

Gastrin, glucagon, insulin, pancreatic
polypeptide (PP), vasoactive intestinal
peptide (VIP)

Parathyroid gland Located within the thyroid
gland on the anterior
aspect of the neck

Parathyroid hormone (PTH)

Pineal Adjacent to the dorsal
surface of the midbrain

Biogenic amines, melatonin, various
peptides

Pituitary, anterior lobe
(adenohypophysis)

Adjacent to the ventral
surface of the brain

Adrenocorticotropin (ACTH or
corticotropin), beta-lipotropin, beta-
endorphin, follicle-stimulating
hormone (FSH or gonadotropin),
growth hormone (GH), luteinizing
hormone (LH or gonadotropin),
prolactin (PRL), thyroid-stimulating
hormone (TSH), proopio-melanocortin
(POMC)

Pituitary, intermediate lobe Adjacent to the ventral
surface of the brain

beta-endorphin, alpha melanocyte-
stimulating hormone (alpha-MSH)

Pituitary, posterior lobe Attached to the ventral Antidiuretic hormone (ADH) or
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(neurohypophysis) surface of the brain through
the infundibular stalk

arginine vasopressin (AVP), oxytocin

Thyroid gland Anterior aspect of the neck Calcitonin, 3,5,3’-triiodothyronine (T3),
thyroxine (T4)

Figure 1. The types of chemical messenger action

Chemical messages are transmitted to specific receptors through the extracellular fluids
or across the synaptic gap. When the chemical messengers stimulate receptors on the
cell that synthesized them hormone action is autocrine. Messages delivered to adjacent
cells and through circulating plasma are respectively called paracrine and endocrine.
Nerve cell chemical messages delivered in a paeacrine fashion across a synaptic gap
represent neurotransmission, and through the blood, neuroendocrine action. (H
symbolizes a chemical messenger; cup-shaped structure a receptor).

_________________________________________________________________
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Table 2:  Non-Glandular Sources of Chemical Messengers

ORGAN LOCATION HORMONE

Bone Skeletal system Bone-derived growth factor (Gla),
osteocalcin

Brain Skull AVP, beta-endorphin, corticotropin-
releasing hormone (CRH), dynorphin,
gastrin, growth hormone  releasing
hormone (GHRH), insulin, leu-enkephalin,
luteinizing-hormone releasing hormone
(LHRH), met-enkephalin, oxytocin,
somatostatin, thyrotropin releasing-
hormone (TRH), (others)

Gastrointestinal tract Abdominal cavity Cholecystokinin (CCK),

Heart Atria Atrial natriuretic peptide (ANP or auriculin
or atriopeptin)

Kidney Abdominal cavity 1,25’-dihydroxycholecalciferol (vitamin D3),
erythropoietin, renin

Liver Abdominal cavity Insulin-like growth factor I (IGF-I)

Macrophages, monocytes,
lymphocytes

Blood ACTH, cytokines like interleukin-1 (IL-1),
POMC-derived peptides, TGF-beta, tumor
necrosis factor (TNF)

Muscle Muscular system Insulin-like growth factor I (IGF-I), IGF-II

Placenta Uterus Estrogen, growth hormone variant, human
chorionic gonadotropin (HCG), human
placental lactogen (HPL), progesterone

Platelets Blood Platelet-derived growth factor (PDGF),
transforming growth factor beta (TGF-beta)

Skin Body surface Epidermal growth factor (EGF), TGF-alpha

Thymus Upper chest Thymosin (thymopoietin)

Various locations Various tissues,
organs

Growth factors, including IGF-I,
eicosanoids

Vascular endothelium Blood vessels Angiotensin II, nitric oxide
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Endocrine system shares its signalling and coordinating function with the nervous
system. The two systems have evolved to control and integrate vital body functions.
Chemical messengers produced by nerve cells and released from the axonal endings
usually act in endocrine or paracrine fashion. When the neural signalling molecules are
released into the synaptic gap to activate receptors on the adjacent cell membranes,
they are called neurotransmitters. The specificity of the message is assured both by the
specificity of receptors on the postsynaptic membrane as well as by the discrete
physical alignment between axon terminals of a specific type of neuron and and the
receptors on the postsynaptic membrance of a particular cell. Neurotransmission is
characterized by speed of message transmission (milliseconds) and restricted points of
delivery, while hormones act over a longer period of time (seconds to hours) and are
distributed diffusely through the extracellular fluid medium to a large number of targets.
One example of this method of chemical message transmission is the neurotransmitter
acetylcholine released from the axonal endings of the motor nerves into the synaptic
gap to act on the nicotinic cholinergic receptors on skeletal and cardiac muscle fibers or.
Other examples, of particular significance in exercise, are sympathetic nerves that
release neorepinephrine and act on catecholaminergic postsynaptic receptors and
parasympathetic nerves and their neurotransmitter acetylcholine that act on muscarinic
receptos in ganglia and glands.

When the neural signalling molecules are released into circulation, they are
called neuroendocrine secretions or neurohormones. By the method of their signal
transmission, these messengers behave as hormones, that is they reach their targets
through the circulation. Delivery of endocrine message to specific targets is assured by
the specificity of receptors on target cells rather than by a discrete physical apposition of
the source of the message and its target. Examples of neuroendocrine signalling
molecules are the antidiuretic hormone or arginine vasopressin and oxytocin, both
synthesized by the nerve cells residing in hypothalamus and released into circulation
from their nerve endings in the posterior pituitary gland.

Some cells disseminate chemical messages by a combination of endocrine and
neural mode of communication. For instance, the sympathetic nerves communicate
largely by neurotransmission of norepinephrine (NE), but some NE also finds its way to
general circulation, thus assuming the role of a neuroendocrine messenger. Another
example is the adrenal medulla. Its cells are developmentally and evolutionarily
ganglionic neurons of the sympathetic nerves that have lost their axons. As their
signalling molecules, epinephrine (E) and NE, are released into systemic circulation,
their function has been altered from neurotransmission to neurosecretion.

The latest group of signalling molecules to be included within the broad category
of hormones are the eicosanoids: prostaglandins, thromboxanes, leukotrienes, and
prostacyclins. They are short-lived chemical messengers that exert autocrine, paracrine,
and occasionally endocrine action on their receptors. Nitric oxide, the sole inorganic
signalling molecule included in the discussion of chemical messengers employs for its
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release and action receptor mechanisms and controls a number of important functions
in exercise.

Hormone structure and synthesis

By chemical structure, hormones fall into three groups: amines, peptides and
proteins, and lipid derivatives. Amine hormones are metabolites of amino acids. For
example epinephrine, norepinephrine and dopamine, collectively called catecholamines,
are synthesized from the aromatic amino acids phenylalanine and tyrosine (Figure 2) in
the brain and in the adrenal medulla. Frequently the synthesis of hormones is under the
control of other hormones. Thus the adrenal cortical hormone cortisol controls the last
biosynthetic enzyme PNMT in the synthesis of epinephrine (Figure 2).

 Figure 2: Catecholamine biosynthesis.

The catecholamines are synthesized from the aromatic amino acids tyrosine (that can
be converted from phenylanine) and phenylalanine (an essential amino acid that has to
be obtained in the diet). Sympathetic nerves and central nervous system synthesize NE,
while adrenal medullary cells produce NE and E. Conversion of NE to E in the medulla
is facilitated by the adrenal cortical hormone cortisol. Intermediate biosynthetic steps
are shown on the left and the catalytic enzymes on the right.

____________________________________________________________
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Other amine hormones are indoleamines and thyroid hormones. Indoleamine
serotonin is a gastrointestinal hormone, a brain neurotransmitter and biosynthetic
precursor of the pineal hormone melatonin (Figure 3).

Figure 3: The indoleamine biosynthetic pathway.

The essential aromatic amino acid tryptophan is the precursor of serotonin, synthesized
in the brain and the gastrointestinal tract, and of melatonin, made in the pineal gland.

____________________________________________________________

Thyroid hormones are derived from two iodinated tyrosine molecules (Figure 4).
The aromatic amino acid precursors for the synthesis of amine hormones are absorbed
from digested food, and particularly rich sources of them are milk and meat.

Peptide and protein hormones range in size from three amino acids in the
thyrotropin-releasing hormone (TRH) to over four hundred amino acids in the Mullerian
inhibiting substance. Growth hormone, prolactin, and FSH are examples of large protein
hormones that contain about 200 amino acids and have a molecular weight of between
25,000 and 30,000 daltons.
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Figure 4: Synthesis of thyroid hormones.

The aromatic amino acid tyrosine is the precursor of thyroid hormones that also require
dietary inorganic iodine for their synthesis. The tyrosine is iodinated in the thyroid gland
by tyrosine peroxidase and forms mostly T4 and twenty percent of T3 within the
thyroglobulin, a large protein with the molecular weight of 660,000 daltons. Eighty
percent of T3 and almost all of the reverse T3 (r T3) are converted from T4 by
deiodinases in the liver and kidney. The biologically inactive r T3 is synthesized by 5-
deiodinase under the conditions of shortage of metabolic energy.

_____________________________________________________________________

Cholesterol is the substrate for the synthesis of steroid hormones in the gonads
and the adrenal cortex (1, Figure 5) and of 1,25-dihydroxycholecalciferol (vitamin D) in
skin, liver, and kidney (Figure 6). In the synthesis of adrenal and gonadal steroids, the
steroid ring structure is preserved. In the synthesis of vitamin D , the steroid ring is
broken. Most of cholesterol for the steroid hormone and 1,25-dihydroxycholecalciferol
synthesis is supplied to respective tissues by lipoproteins that are produced and
released into circulation by the liver and intestine. Some of this cholesterol is
synthesized from acetate by the liver and the remainder is of dietary origin. A more
limited de novo synthesis of cholesterol from acetate can also be carried out in the
gonads and the adrenal cortex. Different steroids are synthesized by the three zones of
the adrenal cortex (discussed in more detail in chapter 3) as a result of differential
presence and activity of biosynthetic enzymes controlling the separate biosynthetic
pathways.
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Figure 5: Pathways of adrenal corticosteroid hormone synthesis.

Cholesterol is extracted from the circulating lipoproteins or to a lesser extent
synthesized in the adrenal cortex and serves as a precursor for the corticosteroid
hormone biosynthesis. The ACTH increases the activity of 20,22 desmolase (D), the
rate-limiting side-chain cleavage enzyme in the P-450 cytochrome. A series of
hydroxylases (H), hydroxysteroid dehydrogenases (HSD) and chain-cleaving
desmolases (D and 17,20 desmolase or lyase,L) channel the corticosteroid derivatives
down the mineralocorticoid, glucocorticoid or androgen pathways.

_____________________________________________________________________

Eicosanoids are derivatives of polyunsaturated arachidonic fatty acid and include
prostaglandins, thromboxanes, prostacyclins, and leukotrienes. Prostaglandin,
prostacyclin and thromboxane synthesis (Figure 7) entails folding of polyunsaturated
fatty acid to produce a ring structure by cyclooxygenase enzymes. Leukotrienes (Figure
7) retain unfolded linear structure but undergo oxidation of the arachidonic precursor.
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Figure 6: The biosynthesis of vitamin D3.

The synthesis of vitamin D3 proceeds in several steps. The ultraviolet light triggers
breakage of bonds between carbon 9 and 10 in cholesterol derivative 7-
dehydrocholesterol in the skin to form vitamin D3 prohormone cholecalciferol.
Provitamin D3 enters plasma and is converted to 25-hydroxycholecalciferol in the liver
and to 1,25 dihydroxycholecalciferol (vitamin D3) or 24,25 dihydroxycholecalciferol in
the kidney.

_____________________________________________________________
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Figure 7: The pathways of eicosanoid biosynthesis.

The polyunsaturated arachidonic fatty acid (AFA) is the precursor of eicsanoids. The
cyclooxygenase enzyme folds the AFA to form the prostaglandin ring structure. The
synthetases (S) convert prostaglandins to thromboxanes and prostacyclins. The
lipooxygenase enzyme converts AFA to leukotrienes.

_____________________________________________________________

Prohormones and preprohormones

Amine, peptide and protein, and lipid hormones differ in details of their synthesis
and release. Amine, peptide and protein hormones are synthesized in the rough
endoplasmic reticulum (RER) and steroid hormones in the smooth endoplasmic
reticulum (SER).

Mechanism of transcription of hormone genes will be discussed in some detail in
Chapter X and is only briefly outlined here.
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Figure 8. Biosynthesis of a protein hormone.

During the transcription of a protein hormone gene, the introns are deleted and the
exons are consolidated. A signal or leader peptide at the amino terminal of the
prohormone is removed during the conversion of prohormone to a mature hormone.

_____________________________________________________________

Hormone genes usually contain one or more nucleotide segments or exons that
encode the amino acid sequence of the biologically active hormone molecule (Figure 8).
A gene segment at the 5' end contains the code for a signal or leader peptide and other
nucleotide segments or introns code for one or more molecular fragments with no
apparent function. A single-stranded messenger RNA (mRNA) transcript of the hormone
gene leaves nucleus through a nuclear membrane pore. Hormone mRNA next attaches
to a ribosome to start the translation of the genetic message from its 5' end into a
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peptide or protein. A signal- recognition particle (SRP) protein attaches to the mRNA-
ribosome complex and allows for binding to a specific SRP receptor on the exterior of
RER (Figure 9). Translation product with a signal or leader peptide at the amino end
then penetrates the ER through a pore.

Figure 9. Translation and maturation of a protein hormone.

A signal recognition particle (SRP) peptide on the ribosome binds with the newly
translated signal peptide and docks the growing prohormone chain and the ribosome at
the surface of RER where it binds to the SRP receptor. Signal peptide guides the entry
of the growing prohormone chain into the RER where the leader peptide is cleaved and
the maturation of the hormone is completed in the Golgi apparatus. Mature hormone is
then stored in secretory vesicles.

_____________________________________________________________

Transcript of the peptide containing the signal peptide, hormone and inactive fragments
is called a prohormone. An example of a prohormone is proinsulin (Figure 10) which
consists of A and B chains separated by a C-peptide. Cleavage and separation of the
C-peptide in the liver completes the maturation of proinsulin to insulin. When the initial
hormone gene transcript contain more than one active hormone fragment, it is called a
preprohormone. Proopiomelanocortin (POMC) is a preprohormone that, in addition to
the signal peptide at the amino-end of the molecule, can yield messenger molecules
ACTH, beta endorphin, alpha-MSH, beta-MSH, gamma-MSH and met-enkephalin
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(Figure 11). POMC synthesized in human anterior pituitary gland gives rise to ACTH
and beta-lipotropin, and the latter is subsequently processed to beta-endorphin.
Connecting peptide (CLIP) and the other products have not been found in man,

Figure 10. The maturation of insulin.

The proinsulin is converted to mature insulin after cleavage of C-peptide that separates
A and B chains in the prohormone.

_____________________________________________________________
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Figure 11. Pro-opiomelanocortin (POMC) preprohormone and its translational products.
The POMC is expressed in the anterior pituitary gland where it initially produces

ACTH and beta lipotropin (beta-LPH) while the signal peptide and the N-terminakl
fragments are discarded. Subsequent cleavage of beta-LPH yields beta-endorphin and
gamma LPH. In the intermediate lobe of the pituitary gland of some non-human species,
POMC is processed differently to yield several MSH hormones and met-
enkephalin.___________________________________________________________
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but MSH messengers are POMC products in the intermediate lobe of the pitutary in
some species. Initial translation products that contain a messenger molecule and its
binding protein are sometimes called polyproteins . Examples (Figure 12) are
propressophysin and prooxyphysin that give rise to vasopressin and oxytocin,
respectivelly, as well as to their neurophysin binding proteins.

Figure 12. The polyproteins.

Polyproteins are precursor molecules that contain a hormone and its binding protein.
Propresophysin contains AVP and its binding protein neurophysin II and prooxyphysin is
processed to oxytocin and its binding protein neurophysin I.

_____________________________________________________________

Pro-, preprohormones and polyproteins lose their signal peptides as they are
transported from RER to the Golgi apparatus (Figure 9). In Golgi apparatus processing
is generally completed and all but steroid hormones are packaged into transport or into
storage vessicles or granules.

Processing of some pro- and preprohormones occurs post-translationally after
the immature molecule has been released into the blood stream (Table 3). In the
synthesis of vitamin D molecule (see later), the chemical precursor that is obtained from
the diet or synthesized in the skin is modified by sequential hydroxylation in the liver and
the kidney before the most biologically active form of the hormone is produced (Figure
6). Angiotensin II likewise is produced by serial enzymatic transformations (see later).
The precursor molecule secreted by the liver into systemic circulation is first modified by
a kidney enzyme, and the final messenger is produced after further enzymatic
modification by the endothelial converting enzyme.

Yet other hormones that are biologically active may be converted in some tissues to
another messenger molecule (Table 3). Examples are conversion of thyroxine (T4)
secreted by the thyroid gland tothe biologically active triiodothyronine (T3) in target
tissues (see later), conversion of pancreatic proinsulin to insulin in the liver, and
conversion of testicular testosterone to estrogen in the brain cells and to
dihydrotestosteron (DHT) in the prostate gland.
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Table 3: Post-Translational Processing of Prohormones and
Hormones

 

Prohormone or
hormone

secretion site processed hormone processing site target site

Angiotensin I kidney Angiotensin II lung brain, kidney,
vasculature

7-dehydro-cholesterol skin 25-OH cholecalciferol liver kidney

25-OH cholecalciferol liver 1,25 cholecalciferol kidney intestine, bone

DHEA-S adrenal medulla estrogen placenta uterus

Proinsulin pancreas insulin liver many tissues

Testosterone testis DHT prostate prostate

Testosterone testis estrogen hypothalamus hypothalamus

Thyroxin (T4) thyroid gland triiodothyronine (T3) many tissues many tissues

Control of hormone release

Packaging of amine and peptide hormones into storage vesicles and their
storage in the cytoplasm permits their secretion to be controlled by neurotransmitters,
hormones or metabolites. The contribution of the autonomic nervous system to the
control of hormone secretion will be discussed in Chapter 2. The neural influences that
impose rhythmicity to hormone secretion will bediscussed in Chapter X. The role of
metabolites in the control of hormone secretion will be discussed in Chapter Y. The
release of stored hormone vessicles is called regulated hormone secretion (Figure 13).
Various secretagogues promote fusion of vesicles and cell membrane, rupture of
vessicle wall and extrusion of messenger molecule and other processing products into
blood stream or extracellular fluids. This process of hormone exteriorization is called
exocytosis. By contrast, steroid hormones leave the Golgi apparatus in transport
vessicles and are released into circulation by exocytosis without being stored within the
cytoplasm. This type of hormone secretion is called constitutive and allows for the
control of hormonal response at the stage of hormone synthesis rather than hormone
release (Figure 13).
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Figure 13. Regulated and constitutive hormone release.

Peptide and amine messengers are stored in secretory vesicles and their regulated
release requires transduction of hormonal, neural, and metabolic stimuli by way of
intracellular calcium or second messengers. The release of steroid hormones is
constitutive in that hormonal, neural, and metabolic stimuli control steroid hormone
synthesis which is immediately followed by hormone release from transport vesicles.

____________________________________________________________________

Hormones are released into circulation in nanonnomolar to picomolar (10-1-12-1

M) concentrations. Because they circulate in the blood at such low concentrations,
hormones rely on the specificity and high affinity of the binding to the receptors for
successful transmission of their message. Most hormones are secreted in intermittent
rather than continuous fashion. Basal pulsatile hormone secretion probably serves to
supply hormones in quantities that anticipate usual requirements for their action. The
frequency of basal hormone pulses ranges from minutes to hours. There are also
seasonal rhythms of hormone release. The topic of endocrine rhythmicity and exercise
is discussed in more detail in Chapter X. Various stimuli can acutely increase or
decrease hormone secretion. Such hormone surges can also be anticipatory as is the
case of acute change in secretion of some hormones during exercise or compensatory.
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Compensatory changes in hormone secretion usually result from metabolic, neural or
hormonal feedback to the controls over hormone secretion signalling that the secretion
rate is out of alignment with the acute need for hormone action. Acute changes in
hormone secretion are usually carried out through changes in the volume of hormone
released during a preexisting basal pulse. Controls over basal pulsatile and acute
hormone secretion are usually separate.

The temporal pattern of hormone secretion is of remarkable biological
significance. The same quantity of hormone can have opposite biological functions
when it is delivered in intermittent as opposed to tonic fashion. One example is lack of
growth stimulation by tonic administration of GH and cellular proliferation in muscles
and bones of hypophysectomized rats in response to pulsatile GH administration.
Another example is the support of normal menstrual function by a circhoral (one pulse
per hour) secretion of LH, and suppression of menstrual cyclicity when this pulse
frequency is either lower or higher or tonic. Modulation of biological response by
changes in the temporal pattern of hormone secretion is often exploited for specific
purposes. For instance tonic administration of gonadotropins has been successfully
used to achieve contraception.

Transport of hormones

Peptide, amine and protein hormones are water soluble, and most of them
circulate freely. Growth hormone and some growth factors and all of lipophilic steroid
hormones circulate bound to carrier proteins. Albumin and prealbumin nonselectively
bind to and transport a variety of small messenger molecules as well as free fatty acids.
Globulins, on the other hand, have single high-affinity binding sites for specific steroid
and amine hormones (Table 4).

Transport of hormones in the bound form extends the period of their availability
and action by preventing their rapid clearance from plasma. By keeping some of the
hormone from circulating in the free form, binding proteins thus diminish the magnitude
but extend the duration of hormone action. Thus the action of insulin-like growth factors
goes on for hours because of the complex system of binding proteins that protect them
from degradation and extend the duration of their biological action. In some instances
(for example GH), binding proteins have almost identical structure to cell receptors and
may facilitate the binding of the hormone to the receptor. In this instance the binding
proteins may facilitate hormone action.
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Table 4:   Hormone Binding Proteins

 

Binding protein abbreviation hormone

Albumin Small hormone molecules

Corticosteroid binding globulin or
transcortin

CBG glucocorticoids

CRH ginding protein CRH-BP corticotropin releasing hormone

GH binding protein GHBP growth hormone

IGF binding proteins IGFBPs IGF-I and IGF-II

Neurophysins AVP and oxytocin

Prealbumin small hormone molecules

Sex hormone binding globulin SHBG testosterone, estradiol

Thyroxine ginding protein TBG T4, T3

Vitamin D binding protein DBP 1,25-dihydroxy cholecalciferol

Hormone degradation

To be most effective, hormones need to reach their target receptors in
intermittent fashion. Whenever they bathe the receptors in unphysiologically high
concentrations or for abnormally long periods of times, the receptors become
downregulated or less sensitive to hormone action. Thus hormone degradation is
necessary prerequisite for optimal hormone sensitivity and action. Hormones are
changes in metabolicaly inactive form either in target cells or in the liver and kidney. A
number of enzymes participate in metabolic degradation of hormones. The speed with
which the hormones are metabolized depends on whether they travel free in plasma as
well as on their molecular structure and the characteristics and location of their
degrading enzymes. The half-lives of hormones (the time it takes to reduce the
concentration of circulating hormone by one half when no new hormone is being
produced, Figure 14) vary from seconds to hours (Table 5).
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Table 5: Hormone Half-Lives

CHEMICAL MESSENGER HALF-LIFE

Eicosanoids Seconds - minutes

Amines Minutes

Thyroid hormones    T4

                                 T3

6.7  days

0.75 days

Polypeptides 4 - 40 minutes

Proteins 15 - 170 minutes

Steroid hormones 4 -120 minutes

Figure 14. Hormone half-life.

Hormone half-life (T 1/2) is the length of time required to reduce the concentration of a
hormone by one half when no new hormone is being secreted. Hormone A has shorter
half life than hormone B because of its higher metabolic clearance rate (MCR).  Half
lives of some common hormones are shown in Table 5.

_____________________________________________________________

The degradation rate of hormones is usually measured by the metabolic clearance rate
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(MCR). MCR (Figure 14) represents the volume of plasma cleared per unit of time and
defines the relationship between the secretion rate of the hormone (SR) and the
concentration of hormone (C) in circulation:

MCR (volume/time)= SR(mass/time)/ C (mass/volume).
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