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Chapter 16: The Endocrine System
Endocrinology
· The study of hormones and the endocrine glands 
Endocrine system
· the endocrine system influences metabolic activity by means of hormones (chemical messengers released into the blood to be transported throughout the body)
Endocrine glands
· Ductless glands; release their hormone into the surrounding tissue fluid and have a rich vascular and lymphatic drainage that receives their hormones
· Includes the pituitary gland, thyroid gland, parathyroid gland, adrenal gland, and pineal gland 
· The hypothalamus is considered to be a neuroendocrine organ since it produces and releases hormone along with its neural function 
Autocrines – chemicals that exert their effects on the same cells that secrete them 
Paracrines – chemicals that act locally but affect cell types other than those releasing the paracrine chemicals 
Chemistry of Hormones
Hormones
· Chemical substances, secreted by cells into the extracellular fluids, that regulate metabolic function of other cells in the body 
· Can be classified chemically as either amino acid based or steroids 
· Long distance chemical signals that travel in blood or lymph throughout the boy 

· Amino acid based hormones vary from simple amino acid derivatives to peptides to proteins 
· Steroid hormones are synthesized from cholesterol; only gonadal and adrenocortical hormones are steroids
· Eicosanoids (leukotrienes and prostaglandins) are biologically active lipids made for arachidonic acid and are released by nearly all cell membranes 
· Leukotrienes are signalling chemicals that mediate inflammation and some allergic reactions 
· Prostaglandins have multiple targets and effects 
· Since the effects of eicosanoids are typically highly localized, they generally act as autocrines and paracrines and do not fit the definition of a true hormone 
Mechanisms of Hormone Action 
· A hormone influences the activity of only certain tissues (target cells) 
· Hormones alter cell activity (increase or decrease the rates of normal cellular processes)
· Hormonal stimulus typically produces one or more of the following changes: 
1) Alters plasma membrane permeability or membrane potential (or both) by opening or closing ion channels
2) Stimulates synthesis of proteins or regulatory molecules such as enzymes within the cell 
3) Activates or deactivates enzymes 
4) Induces secretory activity 
5) Stimulates mitosis 

· The level of target cell activation depends on hormone concentration, target cell receptor content, and affinity of the hormone for the receptor 

· Water soluble hormones (all amino acid-based hormones except thyroid hormone) act on receptors in the plasma membrane 
· Receptors are coupled via regulatory molecules called G proteins to one or more intracellular second messengers (i.e.: cAMP or calcium) which mediate the target cell's response 
· Receptors for water-soluble hormones must be in the plasma membrane since these hormones cannot enter the cell

· Lipid soluble hormones (steroid and thyroid hormones) act on intracellular receptors which directly activate genes 
· Receptors for lipid-soluble steroid and thyroid hormones are inside the cell because these hormones can enter the cell 
Plasma Membrane Receptors and Second-Messenger Systems 
· All amino acid-based hormones (except thyroid hormone) exert their signalling effects through intracellular second messengers generated when a hormone binds to a receptor on the plasma membrane 
The Cyclic AMP Signalling Mechanism 
· The mechanism involves the interaction of 3 plasma membrane components (a hormone receptor, a G protein, and an effector enzyme) to determine intracellular levels of cAMP 
1) Hormone binds receptor 
· The hormone, acting as the first messenger, binds to its receptor on the plasma membrane 
2) Receptor activates G protein 
· Hormone binding causes the receptor protein to change shape which allows it to bind to a nearby inactive G protein 
· The G protein is activated as the guanosine diphosphate (GDP) bound to it is displaced by the high energy compound guanosine triphosphate (GTP) 
· The G protein is inactive when GDP is bound to it 
· The G protein is active when GTP is bound to it
3) G protein activates adenylate cyclase
· The activated G protein moves along the membrane and binds to the effector enzyme, adenylate cyclase 
· Gs stimulates adenylate cyclase 
· Gi inhibits adenylate cyclase
· Eventually, the GTP bound to the G protein is hydrolyzed to GDP and the G protein becomes inactive once again 
4) Adenylate cyclase converts ATP to cyclic AMP 
· As long as Gs is bound to it, adenylate cyclase generates the second messenger cAMP from ATP
5) Cyclic AMP activates protein kinases 
· cAMP, which is free to diffuse throughout the cell, triggers a cascade of chemical reactions by activating protein kinases 
· Protein kinases are enzymes that phosphorylate (add phosphate group) to various proteins 
· Phosphorylation activates some of these proteins and inhibits others, thus, a variety of processes may be affected in the same target cell at the same time 

· The action of cAMP persists only briefly because the molecule is rapidly degraded by the intracellular enzyme phosphodiesterase 
Intracellular Receptors and Direct Gene Activation 
· Steroid hormones diffuse into their target cells (lipid-soluble) and bind to and activate intracellular receptors 
· The activated receptor-hormone complex makes its way to the nuclear chromatin, where the hormone receptor binds to a region of DNA (a hormone response element) specific for it 
· The interaction turns on a gene and prompts transcription of DNA to produce mRNA 
· The mRNA is translated on the cytoplasmic ribosomes producing specific protein molecules 
· These proteins include enzymes that promote metabolic activities or promote synthesis of structural proteins or proteins to be exported from the target cell
Target Cell Specificity 
· Target cell activation by hormone-receptor interaction depends on:
1) Blood levels of the hormone
2) Relative numbers of receptors for that hormone on or in the target cells 
3) Affinity (strength) of the binding between the hormone and the receptor
· A large number of high-affinity receptors produces a pronounced hormonal effect 
· A smaller number of low-affinity receptors results in reduced target cell response
Up-regulation: target cells from more receptors in response to rising blood levels of the specific hormones to which they respond
Down-regulation: prolonged exposure to high hormone concentrations desensitizes the target cells so that they respond less vigorously to hormonal stimulation 
Half-life, Onset, and Duration of Hormone Activity
· Generally, lipid-soluble hormones (steroids and thyroid hormones) travel in the bloodstream attached to plasma proteins -the concentration of a circulating hormone in blood at any time reflects: 
1) Its rate of release 
2) The speed at which it is inactivated and removed from the body 
· Some hormones are degraded by enzymes 
· Most hormones are removed from the blood by the kidneys or the liver and excreted in urine
· Half-life: the length of time for a hormone's blood level to decrease by half 
· Water soluble hormones exhibit the shortest half-lives 

· The time required for a hormone to have an effect varies 
· Some hormones provoke target organ response almost immediately 
· Many steroid hormones require hours to days before their effects are seen 
· Some hormones are secreted in a relatively inactive form and must be activated in the target cells 
· The duration of hormone action is limited ranging from 10 seconds to several hours
Interaction of Hormones at Target Cells
· Permissiveness – when one hormone cannot exert its full effects without another hormone being present 
· i.e.: the development of the reproductive system is regulated by reproductive system hormones but thyroid hormone is necessary for normal, timely development
· Synergism – occurs where more than one hormone produces the same effects at the target cell and their combined effects are amplified 
· i.e.: both glucagon and epinephrine cause the liver to release glucose; when used together, the amount of glucose released is 150% that of what is released when each hormone acts alone
· Antagonism – when one hormone opposes the action of another hormone -i.e.: insulin is antagonized by glucagon 
· Antagonists may compete for the same receptors, act through different metabolic pathways, or cause down-regulation of the receptors for the antagonistic hormone
Control of Hormone Release 
· The synthesis and release of most hormones are regulated by some type of negative feedback system  
Endocrine Gland Stimuli 
· There are 3 major types of stimuli that trigger endocrine glands to manufacture and release their hormone 
1) Humoral Stimuli 
· Some endocrine glands secrete their hormones in direct response to changing blood levels of certain ions and nutrients 
· The term humor refers to the various body fluids 
· Involve the simplest endocrine controls 
· i.e.: cells of the parathyroid gland monitors the body's crucial blood Ca2+ levels and when they detect a decline from normal values, they secrete parathyroid hormone (PTH); PTH acts to causes blood Ca2+ levels to rise, which ends the initiative for PTH release
· i.e.: insulin, hormones from the pancreas, aldosterone, etc. 
2) Neural Stimuli 
· Nerve fibres stimulate hormone release 
· i.e.: sympathetic nervous system stimulation of adrenal medulla to release catecholamine (norepinephrine and epinephrine) during stress 
3) Hormonal Stimuli 
· Many endocrine glands release their hormones in response to hormones produced by another endocrine organ 
· i.e.: the release of most anterior pituitary hormones is regulated by releasing and inhibiting hormones produced by the hypothalamus; many anterior pituitary hormones in turn stimulate other endocrine glands to release their hormones 
· As blood levels of the hormones produced by the final target glands increase, they inhibit the release of anterior pituitary hormones and thus, their own release 
· Hormonal stimuli promote rhythmic hormone release (hormone blood levels rise and fall in a specific pattern

· Some endocrine glands respond to multiple stimuli 
The Pituitary Gland and the Hypothalamus
Pituitary gland 
· Also called hypophysis 
· Secretes at least 9 hormones 
· Size and shape of a pea 
· Has a talk connected to the pea shaped part called the infundibulum; this connects the gland to the hypothalamus superiorly 
· In humans, it has 2 major lobes (1 lobe is neural tissue and the other is glandular)
Posterior pituitary (lobe) 
· Composed of pituicytes and nerve fibres 
· It releases neurohormones (hormones secreted by neurons) that are received and made from the hypothalamus 
· This lobe is the hormone-storage area and not a true endocrine gland 
· The posterior gland and the infundibulum makes up the region called the neurohypophysis 
Anterior pituitary (lobe) or adenohypophysis 
· Composed of glandular tissue 
· It manufactures and releases a number of hormones 
· Arterial blood is delivered to the pituitary via hypophyseal branches of the internal carotid arteries and the veins leaving the pituitary drain into the dural sinuses 
Pituitary-Hypothalamic Relationships 
· The posterior lobe is part of the brain and it derives from a downgrowth of hypothalamic tissue and maintains its neuron connection with the hypothalamus via a nerve bundle called the hypothalamic-hypophyseal tract 
· This tract arises from neurons in the supraoptic and paraventricular nuclei of the hypothalamus 
· Oxytocin is made primarily by the paraventricular neurons and ADH is primarily made by the supraoptic neruons 
· When these hypothalamic neurons fire, they release the stored hormones into a capillary bed in the posterior pituitary for distribution throughout the body 
· The glandular anterior lobe originates from a superior out-pocketing of the oral mucosa (Rathke's pouch) and is formed from epithelial tissue 
· There is no direct neural connection between the anterior lobe and the hypothalamus, but there is vascular connection 
· The primary and secondary capillary plexuses and the intervening hypophyseal portal veins make up a hypophyseal portal system 
· A portal system  is an unusual arrangement of blood vessels in which a capillary bed feeds into veins, which in turn feed into another capillary bed 
· Through this portal system, releasing and inhibiting hormones secreted by neurons in the ventral hypothalamus circulate to the anterior pituitary where they regulate secretion of its hormones 
· All these hypothalamic regulatory hormones are amino acid based 
Anterior Pituitary Hormones 
· Many of the numerous hormones it produces regulate the activity of other endocrine glands 
· When the anterior pituitary receives an appropriate chemical stimulus from the hypothalamus, one or more of its hormones are released by certain cells 
· 4 of 6 anterior pituitary hormones (thyroid stimulating hormone, adrenocorticotropic hormone, follicle stimulating hormone, and luteinizing hormone) are tropins or tropic hormones (turn on or change); they regulate the secretory action of other endocrine glands 
· All anterior pituitary hormones except for growth hormone affect their target calls via a cAMP second-messenger system 
Growth Hormone 
· Somatotropin 
· Produced by cells called somatotrophs of the anterior lobe and has both growth- promoting and metabolic actions 
· Its major target cells are the bones and skeletal muscles 
· Stimulation of the epiphyseal plate leads to long bone growth 
· Stimulation of skeletal muscles promotes increased muscle mass 
· Anabolic hormones 
· GH promotes protein synthesis and encourages the use of fats for fuel, thus conserving glucose 
· Most growth-promoting effects of GH are mediated indirectly by insulin-like growth factors (growth-promoting proteins produced by the liver, skeletal muscle, bone, and other tissue) 
· IGFs produced by the liver act as hormones; IGFs produced in other tissues act locally within those tissues as paracrines 
· IGFs stimulate: 
1) The uptake of nutrients from the blood and their incorporation into proteins and DNA, allowing growth by cell division  
2) Formation of collagen and deposition of bone matrix 
· GH exerts metabolic effects; it mobilizes fats from fat depots for transport to cells, increasing blood levels of fatty acids 
· It decreases the rate of glucose uptake and metabolism 
· In the liver, it encourages glycogen breakdown and release of glucose to the blood 

· Secretion of GH is regulated by two hypothalamic hormones with antagonistic effects 
· Growth hormone-releasing hormone (GHRH) stimulates GH release 
· Growth hormone-inhibiting hormone (GHIH) or somatostatin inhibits GH release
· GHIH release is triggered by the feedback of GH and IGFs 
· Rising levels of GH also feedback to inhibit its own release
· GH secretion is highest during evening sleep
· GHIH blocks he release of thyroid-stimulating hormones as well as GH; it is produced in the guy where it inhibits the release of gastrointestinal and pancreatic solutions 
Thyroid-Stimulating Hormone 
· TSH or thyrotopin 
· A tropic hormone that stimulates normal development and secretory activity of the thyroid gland 
· Its release follows the hypothalamic-pituitary-target endocrine organ feedback loop
Adrenocorticotropic Hormone
· ACTH or corticotrophin 
· Secreted by corticotrophs of the anterior pituitary 
· Stimulates the adrenal cortex to release corticosteroid hormones (i.e.: glucocorticoids) which help the body resist stressors 
· ACTH released is controlled by corticotrophin-releasing hormone (CRH) 
· Rising levels of glucocorticoids feedback and block secretion of CRH and ACTH
Gonadotropins 
· i.e.: Follicle-stimulating hormone (FSH) and luteinizing hormone (LH) 
· Regulate the function of the gonads (ovaries and testes) 
· FSH stimulates gamete production in both sexes 
· LH promotes production of gonadal hormones 
· In females, LH works with FSH to cause an egg-containing ovarian follicle to mature 
· LH then independently triggers ovulation and promotes synthesis and release of ovarian hormones 
· In males, LH stimulates the interstitial cells of the testes to produce testosterone 
· During puberty, gonadotrophs of the anterior pituitary are activated and gonadotropin levels being to rise, causing the gonads to mature 
· Gonadotropin release for the anterior pituitary is prompted by gonadotropin-releasing hormone (GnRH) which is produced by the hypothalamus 
· Gonadal hormones feed back to suppress FSH and LH release 
Prolactin
· Protein hormone similar to GH -produced by lactotrophs 
· In humans, it stimulates mild production by the breasts 
· Its release is controlled by an inhibitory hormone, prolactin-inhibiting hormone (PIH) now known as dopamine -decreased PIH secretion leads to a surge in PRL release 
· In females, PRL levels rise and fall in rhythm with estrogen blood levels 
Posterior Pituitary and Hypothalamic Hormones 
· The posterior pituitary gland stores antidiuretic hormone (ADH) and oxytocin which have been synthesized and forwarded by hypothalamic neurons of the supraoptic and paraventricular nuclei 
· ADH and oxytocin are composed of 9 amino acids and are almost identical 
Oxytocin 
· Stimulates uterine contraction -is released in significant amounts during childbirth
· Oxytocin receptors in the uterus peak near the end of pregnancy and uterine smooth muscle becomes more and more sensitive to the hormone's stimulatory effects 
· Oxytocin acts as the hormonal trigger for milk ejection in women whose breasts are producing milk in response to prolactin 
· Both childbirth and milk ejection result from positive feedback mechanisms 
Antidiuretic Hormone 
· ADH prevents wide swings in water balance and helps the body avoid dehydration and water overload 
· Osmoreceptors in the hypothalamus monitor the solute concentration and water concentration of the blood 
· When solutes are too concentrated, osmoreceptors transmit excitatory impulses to the hypothalamic neurons which synthesize and release ADH 
· ADH targets the kidney tubules via cAMP 
· The tubule cells respond by reabsorbing more water from the forming urine and returning it to the bloodstream 
· Less urine is produced and blood solute concentration then decreases 
· As the solute concentration of the blood declines, the osmoreceptors stop depolarizing and ends ADH release 
· Pain, low blood pressure, nicotine, morphine, and barbiturates trigger ADH release 
· Alcohol inhibits ADH secretion and causes a lot of urine output 
· Diuretic drugs antagonize the effects of ADH and cause water to be flushed from the body 
· At high blood concentrations, ADH causes vasoconstriction of the visceral blood vessels 
· Under severe conditions like extreme blood loss, large amounts of ADH are release, causing a rise in blood pressure
