Endocrine Notes
Lecture 1:  Intro to Endocrine

· Exocrine secretions go outside of the body via ducts.  Endocrine secretions go directly into the bloodstream without ducts.  

· The hypothalamus secretes CRH, TRH, GnRH, GHRH, DA, and SS.  The anterior pituitary secretes ACTH, TSH, LH/FSH, GH, and Prolactin.  The posterior pituitary secretes ADH and oxytocin.  The testes secrete T.  The thyroid secretes T3/T4 and calcitonin.  The parathyroid secretes PTH.  The ovaries secrete E2 and P.  The placenta secretes E2, P, CG, and PL.  The pancreas secretes insulin, glucagon, and SS.  The adrenal cortex secretes aldosterone, cortisol and DHEA (an androgen precursor).  The adrenal medulla secretes epi and nepi.

· The portal circulation connects the hypothalamus to the anterior pituitary and allows for communication from the former to the latter.  The anterior pituitary alters secretion in response to releasing or inhibiting hormones from the hypothalamus.  The posterior pituitary consists of axons from neuronal cell bodies in the hypothalamus.  Hormones from these hypothalamic neurons are released directly from the posterior pituitary.  

· Almost all organs are endocrine glands.  Fat cells produce leptin and adiponectin.  The heart produces ANP.  The liver produces insulin-like growth factor 1 (IGF-1).  The stomach produces gastrin.  The intestine produces secretin and CCK.  The kidney produces renin, EPO, and 1,25 vitamin D.  

· Hormones like GH, TH, androgens and EPO may be abused.
· Hormone classes:

· Tyrosine derivatives:  DA, Nepi, Epi, T3, T4/thyroxine.  In T3, one of the outer ring iodines present in T4 has been removed.  

· Peptides:  range from 3 AAs like TRH to large glycoproteins like TSH, LH, FSH and CG that require addition of sugars.  Include GnRH, GH, TRH, insulin, ADH, TSH, LH, FSH, CG.

· Steroids:  Cholesterol derivatives.  1,25 vitamin D is made from cholesterol, but requires UV light to break one of the cyclic bonds.  Include estradiol, DHEA, cortisol, testosterone, aldosterone, and 1,25 vitamin D.  

· Hormone functions:  

· Sex/reproduction:  GnRH, LH, FSH, E2, P, T, Prl, CG

· Lactation:  Prl, E2, oxytocin

· Growth:  GH, IGF-1

· Metabolism:  T4, T3, insulin, glucagon, cortisol, GH

· Stress:  cortisol, epi, nepi

· Calcium:  PTH, 1,25 vitamin D, calcitonin.

· Electrolyte balance:  ADH, aldosterone.

· Blood pressure:  epi, nepi, aldosterone

· Measuring hormone levels is a key in endocrinology.  Berson and Yalow won a Nobel for developing radioimmunoassay.  

· Free Ligand + Free Receptor → Ligand-Receptor               Ka = [L-R] / [Free L][Free R]       [Bound Complex] / [Free Ligand] = -Ka[Bound R] + Ka[Total R]

· In a Scatchard Plot of [Bound Complex] / [Free Ligand] vs. [Bound R], the slope is –Ka and the x-intercept is [Total R].
· Amine and peptide hormones usually circulate freely in the bloodstream.  They have relatively short half-lives, so are good for pulsatile secretion and things you want to be able to modulate quickly.  An exception to this is IGF-1, which is complexed to IGFBP.  These characteristics of peptide hormones contrast with thyroid and steroid hormones, which circulate bound to transport proteins and generally have longer half-lives.
· The free hormone (not bound to anything) is the active form of the hormone.  Bound hormone is not active.  Hormones that are heavily protein bound are also cleared more slowly by the liver and kidneys, giving them a longer half life.  

· Positive feedback systems are rare, whereas negative feedback is a very common theme in the endocrine system.  The hypothalamic pituitary thyroid axis is a classic negative feedback loop.  

· Growth factor receptors (for insulin, IGF-1, prolactin, and GH) have 1 membrane spanning region.  GPCRs (for epi, nepi, TRH, GnRH, LH, and FSH) have 7.  Nuclear receptors (steroids and thyroid hormones) have three principal domains: N-terminal, DNA binding, and ligand binding.

· If a hormone has no action, there is probably resistance due to abnormal hormones or receptors, antibodies blocking hormones or receptors, or a defect in a signaling cascade.

Lecture 2:  Mineral Metabolism
· The total [Ca] in plasma is 10mg/dl, or 2.5 mM.  Half is ionized and about half s bound to albumin or globulin.  A very small amount is complexed with phosphate, citrate, or bicarbonate.  It is the ionized calcium that is sensed and regulated by hormones.  

· Acidosis can cause an increase in ionized calcium by displacing it from albumin.  In general, hypercalcemia refers to an increase in total plasma calcium, not necessariliy the free ionized form, because total [Ca] is easier to measure.

· Ca intake is an important part of vitamin D regulation.  Ca is largely inadequate in American diets, but it’s very important.  

· PTH rapidly increases ionized serum calcium in response to low levels of ionized serum calcium.  PTH is made in the chief cells of the parathyroid glands.  These chief cells have calcium sensors that control the synthesis and release of PTH.  With low calcium, there is a decrease in receptor activity.  Less Gq activity leads to less PLC activity and less intracellular Ca.  This leads to an increase in PTH production and release.  

· PTH is a peptide hormone that binds a GPCR.  It is coupled to Gs, so activates adenylate cyclase and increases cAMP.  The increase in cAMP is so great that it is measurable in the urine.  

· PTH at the kidney:  PTH leads to phosphate loss by inhibiting phosphate uptake in the proximal tubule (by removing the Na/PO4 cotransporter – Napi2a channel – from the apical membrane).  The decrease in phosphate liberates the calcium that had been complexed with that anion.  Additionally, PTH stimulates Ca uptake in the distal tubule and collecting duct (via the Trpv channel).  
· PTH at the bones:  PTH acts on osteoblasts, which in turn cause the osteoclasts to resorb bone matrix by having these cells secrete acid.  This releases CaPO4.  Ca is mostly mobilized from trabecular (spongy) bone, which is found mainly in the ribs and spine (common sites of problems in osteoporosis).  

· Bones:  Cortical bone makes up 80% of bone mass, and is found in long bones.  Trabecular bone makes up most of the axial skeleton (skull, scapulae, ribs).  Trabecular bone is much less calcified than cortical, but it is able to be mobilized much more.  Mineralized bone is formed by type I collagen and hydroxyapatite Ca10(PO4)8(OH)2.  The two major types of bone cells are osteoclasts and osteoblasts.  Osteoclasts resorb bone, and are multinucleated cells derived from the fusion of macrophages.  They have a ruffled border and lots or ER and lysosomal enzymes.  They secrete acid and proteolytic enzymes to break down the bone matrix, releasing embedded morphogenic proteins and calcium salts.  The osteoclasts take this up and release these things into the bloodstream.  Osteoclasts have calcitonin receptors.
· Osteoblasts are cuboidal cells that produce the bone matrix, secreting proteins, collagen, and factors that communicate with osteoclasts to initiate bone resorption.  Osteoblasts have receptors for PTH, estrogen, and 1α,25-dihydroxyvitamin D3.  

· Continually turning over bone by osteoblast production and osteoclast resorption is necessary to repair old bone.  

· The active hormone form of vitamin D is 1α,25-dihydroxyvitamin D3.  Its function is to increase the body’s stores of calcium and phosphate.  It is pretty much a cholesterol with a broken ring and a couple of extra OH groups.  Since it’s hydrophobic, it needs a vitamin D binding protein (DBP) to carry it through the body.
· You form vitamin D precursors in the liver, then they have one of their carbon rings broken open in the skin to form vitamin D3 which has a ½ life of 30 days (or you can get it from the diet).  In the liver, this undergoes unregulated hydroxylation at the 25 location, and this form has a ½ life of a few hundred hours.  Then it’s transported to the kidney, where it gets hydroxylated at the 1 position, and the active 1α,25-dihydroxyvitamin D3 has a ½ life of a few hours.  
· 25 hydroxylase in the liver is not regulated.  But, with decreased serum calcium, you get a big increase in 1 hydroxylase activity to produce the final product of 1α,25-dihydroxyvitamin D3.  This regulation of 1 hydroxylase activity is very sensitive.  When serum Ca is high, you form a 24,25dihydroxy version of vitamin D3, which is inactive.  You can even add an OH at the 24 position to the active version of vitamin D, which also inactivates it.  
· 1α,25-dihydroxyvitamin D3 promotes transcription of target genes.  It binds to the nuclear vitamin D receptors (VDR), which dimerizes with the retinoid receptors (RXR), and this complex attaches to the vitamin D response element (VDRE) to initiate transcription.  The VDR has a zinc finger DNA binding domain, and a hormone binding domain, a pattern common to steroid receptors.  

· 1α,25-dihydroxyvitamin D3 targets the intestine, kidney and bone to increase stores of Ca and PO4
· Intestine:  It increases calcium and phosphate absorption from the intestine by upregulating calcium entry channels CaT-1 and increasing transcription of calbindin.  It increases phosphate by upregulating NaPi-2b phosphate absorption channels.  

· Kidney:  It promotes phosphate reabsorption in the proximal tubule by increasing transcription of the sodium phosphate cotransporter.  It promotes reasborption of calcium by increasing the transcription of calcium entry channels (ECaC) and calbindin (a calcium binding protein).  

· Bone:  It promotes bone mineral deposition, stimulates collagen type 1 production, and increases transcription of alkaline phosphatase to increase bone phosphate/mineral deposition.  

· Kids lay down a lot of bone, and need lots of Ca and vitamin D to support that growth.  Rickets is a vitamin D deficiency, characterized by weak bones (since you need vitamin D to increase intestinal absorption of Ca).  This is often due to lack of sun exposure.  A mutation in the VDR can produce a 1α,25-dihydroxyvitamin D3 hypocalcemic resistant rickets.

Lecture 3:  Thyroid

· Thyroid hormone controls basal metabolic rate. 

· The thyroid has a very rich blood supply, getting more blood supply for its size than any other tissue.  It has two lobes (right and left), though sometimes a third pyramidal lobe may be present between the.  

· To control the secretion of T3 and T4/thyroxine, the paraventricular nucleus (PVN next to the 3rd ventricle) of the hypothalamus secretes TRH, inducing the thyrotroph portion of the anterior pituitary to secrete TSH, which causes the thyroid to release T3 and T4.  T3 and T4 feed back negatively on both the anterior pituitary and the hypothalamus.  

· The pharyngeal arches give rise to bone and muscle.  Between the arches are pharyngeal pouches.  The thyroid migrates down from the base of the tongue (the foramen cecum) between the first and second pharyngeal arches.  The 3rd pouch becomes the inferior parathyroid glands.  The 4th pouch becomes the superior parathyroid glands.  And the 5th pouch becomes C cells (calcitonin producing cells) of the thyroid.  

· The thyroid consists of many spherical follicles, which contain colloid within them.  The follicles are not leaky.  C cells are between follicles in the interstitium.  The outside of the follicle is considered basolateral, while the inside is considered apical.  The apical surface of follicle cells is where a lot of the action happens in the thyroid gland.  

· Thyroid glands may be located ectopically anywhere from the tongue to the mediastinum.  The parathyroids may also vary a lot in their location.  DiGeorge’s syndrome is the absence of the 3rd and 4th pharyngeal pouches, so it is characterized by a lack of parathyroid glands, resulting in low serum [Ca].  

· Iodine is required for thyroid hormone synthesis.  In very large quantities, iodine can paradoxically inhibit thyroid hormone synthesis.  In the US, most of our iodine comes from processed foods, especially stuff with processed flour.  

· Thyroid hormone production:  An NIS (Na, I symporter) brings I into the cell across the basolateral membrane.  Iodine then goes through a “pendrin” channel into the lumen/colloid of the follicle.  There at the apical surface, thyroperoxidase (TPO) oxidizes I- to I using a hydrogen peroxide mechanism, and couples the I to tyrosines (now iodotyrosine residues) on thyroglobulin.  The thyroglobulin (TG) is in the colloid, and two iodinated tyrosines on this molecule can be coupled to form T3 or T4, though they remain bound to the thyroglobulin.  When stimulated, they will eventually move from the follicle back into the cell, and ultimately out thyroid follicles.  Somehow they are cleaved from TG in the follicle cell.  The T3/T4 must be bound to a thyroxine binding globulin (TBG) to move through the blood.  Once you’ve made the mature product from a thyroglobulin molecule, the TG can no longer be used.  
· Coupling two di-iodotyrosines (DITs) gives a T4, whereas coupling a di-iodotyrosine and a mono-iodotyrosine gives a T3.  

· Iodine deficiency is the most common cause of goiter (enlarged thyroid) in the world.  But, in the US, thyroiditis is the primary cause of goiter.  

· Suprisingly, too much iodine can block thyroid gland function (by blocking synthesis of thyroid hormone).  This is called the Wolff-Chaikoff Effect.  It is not a long lasting effect because excess I inhibits the expression of NIS (Na, I symporter), which allows cells to experience more normal I levels and escape the Wolff-Chaikoff effect.  
· TSH stimulates T3/T4 signaling from the thyroid.  TSH binds a GPCR that is coupled to Gs and adenylate cyclase.  This upregulates Iodine uptake, thyroglobulin synthesis, thyroid growth, T3/T4 secretion, etc.  TSH is an αβ dimer that requires glycosylations to fold correctly and function.  

· You can administer radioactive iodine, image the thyroid, and quantify the iodine uptake. 

· Almost all of T3 and T4 in the blood is bound (to TBG, albumin, thyroxine binding prealbumin).  T3 circulates with a higher percentage in the free form, even though there’s much more T4.  T3 is the ACTIVE form of thyroid hormone.  T4 is a much less active prohormone.  

· You can activate T4 to T3 by removing an outer ring iodine.  If you remove an inner ring iodine, the result is called “reverse T3.”  Iodines are removed by enzymes called deiodinases.  The deiodinase D2 (activates) removes an outer ring I, whereas D3 (inactivates) removes an inner ring I.  

· T4 is converted to active T3 by D2 or D1.  Active T3 is converted to inactive T2 by D3

· T4 is converted to inactive reverse T3 by D3 or D1.  Inactive reverse T3 is converted to inactive T2 by D2 or D1. 

· The thyroid makes mostly T4, and it can be converted to active T3 or inactive reverse T3 in the periphery as needed.  The thyroid does have a little bit of T3 and rT3 since there’s some D1 deiodinase in the thyroid.

· Like all nuclear hormone receptors, the thyroid hormone receptor (TR) has a DNA binding domain, a hormone binding domain, and an N-terminal region.  

· If iodine is sufficient, thyroperoxidase forms exclusively T4, and you may get some T3 from deiodination by D1.  If iodine is deficient, thyroperoxidase forms both T4 and T3.  

· A drug reaches equilibrium levels in the body after about 5 half lives.  In a patient with hypothyroidism, the T4 levels are low.  Since the negative feedback is missing, the TRH and TSH should be high.  It can be treated with administrating T4.  
· Thyroid hormone acts by turning on genes in the brain (for myelination and dendritic growth) and in the heart, and turning other genes off if various places.  Importantly, it turns genes for TSH off.  To turn genes off, it replaces a co-activator with a co-repressor, and to turn genes on it does the opposite.

· Hypothyroidism can lead to endemic cretinism.  It’s problems with brain development (low IQ, stunted growth).  It may be due to iodine deficiency.  Myelin basic protein isn’t activated by T3, resulting in mental retardation.  Purkinje cell protein isn’t activated and results in movement disorders.

· Graves’ disease results from a B cell expansion due to defect in T suppressor cells.  In the end, you make antibodies to the TSH receptor, and the antibodies activate the receptor.  It results in goiter and exophthalmus (protrusion of the eyes) because tissues behind the eye have a TSH receptor and get inflamed due to antibodies attacking there.  So, with Graves’ disease you see high thyroid hormone levels but low TSH levels (lots of negative feedback from thyroid hormone).  You can treat by removing the gland, by using radioactive iodine to destroy parts of the thyroid, or give inhibitors to stop the actions of the hormones. 
· Thyroid hormone increases the basal metabolic rate, by allowing leak of Na and K.  So you upregulate the Na/K ATPase, which generates heat.  Hyperthyroidism usually presents as heat intolerance.  

· Thyroid hormone activates genes in the heart for the Ca ATPase and αMHC gene.  This increases contractility and raises systolic blood pressure, but can increase cardiac oxygen demand and result in angina.  Thyroid hormone is also a vasodilator, so it decreases diastolic blood pressure, and the big pulse pressure gives you palpitations.  The decreased diastolic pressure is sensed by renin/angiotensin, and you increase blood volume.  Thyroid hormone also induces beta adrenergic signaling to increase heart rate.

Lecture 4:  Adrenal Function

· The adrenal glands are paired glands that are on top of the kidneys.  They act like two glands, with the cortex making steroids and the medulla making catecholamines (epi/nepi).  Furthermore, the cortex is of mesodermal origin, while medullary cells are of neural crest origin.  

· Adrenal hormones act to maintain homeostasis of blood glucose (cortisol, epi) and blood volume/pressure (cortisol, aldosterone, epi).  Both the cortex and medulla increase secretion in response to stress.  
· The adrenal cortex has zones that differ in morphology and the hormones they produce.  The innermost zona reticularis is inactive until adrenarche (age 6-7), at which point it secretes adrenal androgens like DHEA.  This later declines in andropause.  Andrarche is independent of puberty, which is results from hypothalamic/pituitary/gonadal activation.  The middle zona fasciculata makes cortisol.  The outer zona glomerulosa produces aldosterone.  

· The cortex makes steroid hormones.  There is no significant storage of these hormones in the cortex, and after synthesis hormones diffuse out of the cell.  Increased secretion results from increased synthesis, which begins with the precursor cholesterol.  

· Cholesterol mostly comes from the diet, and cells of the cortex store lots of it in lipid droplets.  But, the cortex can synthesize cholesterol too.  First, it gets transported to the mitochondria with the help of a StAR transport protein.  There, a side chain converting enzyme (SCC) converts cholesterol to pregnenolone.  This SCC activity determines how much steroid is made.  The various activities of P450c17 determines which steroid is made.  The end products are mineralocorticoids (aldosterone), glucocorticoids (cortisol), and androgens (DHEA).  Some of the precursors have mineralocorticoid action, as does cortisol.  Elevation of these compounds can cause aldosterone-like activity.  

· Steroid hormones diffuse in and out of cells.  That’s how they get into target cells.  They bind an intracellular receptor.  They may be a glucocorticoid, mineralocorticoid, or androgen receptor.  The receptors are transcription factors, and once bound they can enter the nucleus to up or downregulate expression of specific genes.  

· Glucocorticoids (cortisol, hydrocortisone):  most importantly, they prevent fasting hypoglycemia and help prevent hypotension.  Only 3-4% of the circulating hormone is in the free, active form.  

· To prevent fasting hypoglycemia, they stimulate gluconeogenesis in the liver, promoting protein breakdown in muscle to fuel this process.  It spares glucose for the nervous system.  It works to store energy for the future by stimulating appetite, stimulating glycogen deposition and adipocyte differentiation.  You make/store glucose.  This generally antagonizes the effects of insulin.
· To maintain bp and heart performance, it permits the normal response of arterioles to vasoconstriction due to nepi.  Without glucocorticoids, you can’t vasoconstrict with nepi.  

· This is important, especially at time of stress.  Cortisol deficiency can lead to fatal hypotension or hypoglycemia at times of stress.  

· Glucocorticoids have anti-inflammatory and immunosuppressive actions.  They can decrease mineralization of bone and thinning of skin and capillary walls.  In kids, they can inhibit linear growth.  

· The hypothalamus releases CRH, which causes the pituitary to release ACTH, which induces synthesis and section of cortisol in the adrenal cortex.  Cortisol negatively feeds back on the hypothalamus and pituitary.  Vasopressin is a potent ACTH secretogogue, and likely plays a role during stress.  You get high cortisol in stress.  ACTH is made from POMC, and it stimulates growth and proliferation of adrenal cortex cells in addition to cortisol production.

· Cortisol is released in pulses, in response to pulsatile secretion of ACTH.  The secretion patterns follow circadian rhythms, with most secretion in the early morning.  The pattern is governed by light/dark, feeding and intrinsic rythmicity of neurons.

· Mineralocorticoids:  aldosterone regulates extracellular volume and serum [K].  Aldosterone increases Na reabsorption in the kidney and causes water retention.  This increases K secretion.  The mineralocorticoid receptor has equal affinity for cortisol and aldosterone.  There’s a lot more cortisol around, but the mineralocorticoid-responsive cells also have 11βhydroxysteroid dehydrogenase which converts cortisol to the low affinity cortisone.  It keeps [cortisol] very low inside mineralocorticoid responsive cells, and makes them sensitive mostly to aldosterone.  A deficiency of aldosterone can cause hyperkalemia and hypotension, while an excess can cause hypertension.

· Aldosterone production is stimulated by angiotensin II, hyperkalemia, and weakly by ACTH.  It is inhibited by ANF.  Angiotensin II is produced when juxtaglomerular cells in the kidney respond to low bp/upright posture, low [Na] or sympathetic activity.  It binds the type I angiotensin II receptor in the glomerulosa layer of the cortex, stimulating aldosterone production.  ACTH can stimulate a little aldosterone production in the zona fasciculata, or produce cortisol which has a little mineralocorticoid activity.  

· Androgens:  The adrenal gland produces DHEA and androstenedione.  These are really androgenic, as they don’t directly bind well to androgen receptors.  Only T and dihydroT bind the receptors significantly.  DHEA can be converted to androstendione by 3β-hydroxysteroid dehydrogenase in the periphery, and androstenedione is converted to T by 17β-hydroxysteroid dehydrogenase (highly expressed in the testes, some elsewhere too).  

· The zona reticularis expresses a sulfotransferase, which sulfates DHEA to DHEAS.  This has a very long half-life and is present at very high concentrations.  

· At 6-7 yrs of age, the adrenal gland’s zona reticularis starts making androgens (mostly DHEA and DHEAS); this is called adrenarche and gives rise to pubic hair.  If adrenal androgens are absent or fail to do this, gonadal adrogens will stimulate pubic hair growth a little later.

· ACTH is not the stimulus for adrenarche, but it is necessary.  

· Adrenal hypofunction disorders:  

· Addison’s disease is a deficiency of the entire cortex, with glucogorticoid and mineralocorticoid deficiencies.  It is often accompanied by increased skin pigmentation because the excess ACTH interacts with the melanocyte stimulating hormone receptor.  

· Central renal insufficiency a lack of ACTH due to hypothalamic or pituitary dysfunction.  It causes glucocorticoid and adrenal androgen deficiency, but mineralocorticoid function is normal since it’s not regulated by ACTH.  

· Aldosterone deficiency due to mutation of aldosterone synthase. 

· Adrenal hyperfunction disorders:

· Cushing’s syndrome:  excessive glucocorticoid action.  Cushing’s disease is due to a pituitary ACTH secreting tumor.  It can result from ectopic ACTH production in a lung tumor.  It can be due to adrenal cortex tumors.  Finally, it may be iatrogenic.
· Conn’s syndrome:  An aldosterone secreting tumor that causes hypertension and hypokalemia.  

· Androgen secreting tumors

· Congenital adrenal hyperplasia is caused by deficiencies in enzymes that lead to cortisol production.  With deficient cortisol production, ACTH levels rise.  This stimulates the hyperplasia, as well as increased steroid production.  The precursors to cortisol accumulate and may be shunted into androgen production.  CAH may manifest as a glucocorticoid deficiency (hypotension and hypoglycemia), mineralocorticoid deficiency (hypovolemia/hypotension and hyperkalemia/hyponatremia), or androgen excess (virilization of a female fetus).  
· The adrenal medulla cells are termed chromaffin cells, because catecholamines stain in chromium.  They are like postganglionic sympathetic neurons.  They sympathetic fibers of splanchnic nerves regulate their secretion and synapse with ACh on the medulla.  

· The adrenal medulla makes DA, nepi, and epi from tyrosine.  Epi is the  predominant product secreted, and the adrenal gland is the only tissue that makes epi.  

· Adrenergic receptors are GPCRs of at least 5 types:  alpha1/2, beta1/2/3.  A cell’s response depends on the receptor(s) it expresses and whether it’s responding to epi or nepi.  Epi secretion is usually accompanied by norepi sympathetic actions.  Catecholamines are released from the medulla with anger, injury, anxiety, pain, etc.  

· Circulating epi can increase heart rate and C.O., increase blood flow to muscle, relax bronchial smooth muscle, increase glycogenolysis, activate lipolysis, and can stimulate insulin secretion (though local autonomic innervation of the pancreas inhibits this effect).  This may be a result of fight/flight, or simply exercise.  Its effects on glycogenolysis can act to correct hypoglycemia.  

· ACTH stimulates cortisol secretion, but also enhances the secretion of catecholamines from the adrenal medulla.  It stimulates dopamine and nepi synthesis.  Cortisol secreted from the cortex reaches the adrenal medulla through the adrenal portal circulation and increases expression of PNMT (converts nepi to epi) in the chromaffin cells.  

· Adrenal medulla disorders:  

· Hypofunction may follow adrenalectomy.  Hypofunction may occur with an intact medulla, but CAH in which the cortex makes no cortisol, and this lack of cortisol fails to stimulate PNMT expression.  An intact sympathetic nervous system is able to overcome this insufficiency, so there are no clear symptoms.

· Hyperfunction may be due to pheochromocytoma, which is an adrenal medullary tumor (possibly in extra-adrenal chromaffin cells).  They secrete epi and nepi, and sometimes dopamine.  This causes tachycardia, hypertension, and other symptoms. 

Lecture 5:  Metabolism, Obesity and Diabetes
· When excess fuel is available, you store it.  Insulin is the “feeding hormone,” and contributes to storing carbs and lipids, building protein/muscle, and preventing the mobilization of exiting stores.  

· When fuel is depleted, you mobilized the stored stuff.  Glucagon is the “fasting” hormone.  The big organs involved are the brain, pancreas, liver, fat, and muscle.

· For carbs, when there’s a lot around, glucose and AAs stimulate insulin secretion from the pancreas.  This inhibits lipolysis, glycogenolysis and gluconeogenesis (no need to make more glucose).  Insulin stimulates protein synthesis and glucose incorporation into muscle (glycogen) and glycogen synthesis in the liver.  You deposit lots of glucose and AAs into the muscle, and take glucose into the liver too.  Insulin also inhibits glucagon secretion from the pancreas.  Insulin is anabolic and anti-catabolic.

· If even more glucose is available, you start forming lipids (with glycerol and fatty acids from the pancreas).  The liver synthesizes triglycerides and packages them into apolipoproteins for transport.  These lipids may be oxidized at muscle or stored in adipocytes.  

· WITH TYPE I DIABETES (NO INSULIN) YOU WILL BREAK DOWN MUSCLE AND FAT.

· Glycogen is the storage form of carbohydrates.  Glucose levels and glycogen stores are tightly regulated and able to be rapidly mobilized.  Triglycerides are the storage form of lipids.  Lipid levels and stores are less regulated, and lipids aren’t converted into glucose during fasting, so this makes it hard to get rid of fat easily.  
· Metabolism is regulated partially by the brain’s hypothalamus.  Glucose influences the hypothalamus, which inhibit gluconeogenesis and glycogenolysis.  Nutrients in the intestine do the same thing via vagal stimulation of the brain/hypothalamus.  

· When fuel is depleted, you want to mobilize your nutritional resources.  The pancreas secretes glucagon.  Glucagon inhibits glycogen synthesis, and promotes gluconeogenesis/glycogenolysis, and also promotes lipolysis.  GH and catecholamines are stress hormones like glucagon, so also induce lipolysis.  The net result is a glucose release from the liver and fatty acid and glycerol release from adipocytes.  

· If you further deplete nutrients, the fatty acids from adipocytes get converted to ketone bodies in the liver.  These will provide the brain with energy while glucose is lacking.  The liver continues glycogenolysis and gluconeogenesis
· Hypoglycemia may result form too much insulin (injection, tumor), liver disease producing decreased gluconeogenesis/glycogenoloysis, alcohol suppressing gluconeogenesis, or prolonged fasting. 

· Signs and symptoms:  tremor, tachycardia, paleness, cold sweat, elevated glucagon/GH/epi/nepi.  
· Regulation of food intake, hunger and satiety occurs mostly in the hypothalamus.  It gets central (mood, perception) and peripheral (hormones) stimuli and integrates them before responding.  The arcuate nucleus of the hypothalamus is a main satiety center, and the lateral hypothalamic area is a feeding center.  

· The arcuate nucleus (satiety center) includes orexigenic hormones that increase food intake and an-orexigenic hormones that decrease food intake.  These signals act at the paraventricular nucleus (PVN) and mediate satiety through a variety of receptors like MC4R.  

· The arcuate nucleus hormones also project to the lateral hypothalamus where they mediate feeding.  The hormones that signal satiety in the PVN inhibit food intake (an-orexigenic) in at the lateral hypothalamus.  
· Glucose, insulin and leptin (secreted from adipocytes) act at the arcuate nucleus and lead to satiety and a lack of feeding, whereas ghrelin acts there and stimulates feeding and weight gain.  

· Leptin deficiency causes a lack of satiety and significant weight gain.  MC4R (melanocortin 4 receptor) that receives satiety input at the PVN from the arcuate nucleus is a common cause of severe childhood obesity.  

· Stuff that stimulates food intake:  Ghrelin, NPY, AGRP, PYY, Orexins, MSH.  Orexins and MSH are in the lateral hypothalamus.
· Stuff that suppresses food intake:  Insulin, Leptin, POMC, Obestatin, CART, TRH, CRH.  TRH and CRH are in the PVN
· The lipostat/adipostat hypothesis suggests that there is a ‘set point’ at which you try to keep fat levels.  Levels of the hormone adiponectin are inversely related to the mass of fat you have.  Such hormones produced by adipose tissue may be related to maintaining a set point.  
· Obesity is a disorder of body composition, particularly one in which there is an excess of body fat.  BMI > 30 defines obesity, but it also depends on body composition.  Kids are overweight if they’re over the 95th percentile.  
· Obesity has increased in prevalence to epidemic proportions.  It’s rising, especially in children.  ¼ of school age kids in the US are obese.  The cause is both genetic and environmental.  

· Obesity really increases the risk of death and disability, type II diabetes, hypertension, hyperlipidemia, heart disease and stroke, gall bladder disease, osteoarthritis, cancers, sleep apnea, infertility, etc.  Hypertensino is the most common condition associated with being overweight/obese, but the risk of type 2 diabetes increases linearly with BMI.  Cholesterol shows a moderate correlation, though triglycerides show a bigger difference.  

· There’s an association between diabetes and type 2 diabetes, but no clear causal link.  Diabetes levels increase very quickly with increasing BMI.  Diabetes is one of the few diseases for which the death rate is increasing quickly.
· Diabetes has two main types, though rare versions (MODY, insulin resistance, mitochondrial DNA) exist.  Type 1 is related to destruction of islets of Langerhans in the pancreas.  Only the incidence of type 2 is rapidly increasing.  Diagnosis is based on fasting blood glucose levels:  normal is below 100 mg/dl, impaired is between 110-125, and diabetes is above 125.  The levels of complications are related to duration and level of control.  The cause is unclear, though it’s a combination of multigenic and environmental.  
· In the pancreatic islets, beta cells secrete insulin, C-peptide and amylin.  Alpha cells secrete glucagon.  

· With type 1 diabetes, you don’t produce insulin.  So you get less glycogen storage and more glucose production in the liver even after meals, in addition to lack of glucagon inhibition, which all leads to hyperglycemia.  You also increase skeletal muscle and lipid breakdown.  Due to fat and muscle catabolism, you see wasting, with ketonemia due to fatty acid metabolism.  The cause is genetic and environmental, though there are several known single gene mutations that can cause it (MODY mutations).  

· Type 2 diabetes has altered beta cell response to glucose, so you don’t secrete enough insulin to dispose of the glucose.  Additionally, you get insulin resistance in the tissues.  The liver doesn’t make as much glycogen or inhibit gluconeogenesis/glycogenolysis as well.  Skeletal muscle can’t take up glucose as well.  This leads to hyperglycemia.  Fatty acids continue to be released a little from adipocytes, and the insulin is capable of preventing ketogenesis.  So this results in hyperlipidemia.  
· So overall, type 2 diabetes is insulin resistance and an altered beta cell response to glucose (due to beta cell dysfunction and death).  This leads to hyperglycemia and hyperlipidemia.  The cause is both genetic and environmental, with a possible inflammatory component.  

Lecture 6:  Pituitary – Growth Hormone
· The anterior pituitary develops from Rathke’s pouch, an invagination of the ectoderm of the pharynx.  The posterior pituitary develops from an outgrowth of the developing hypothalamus called the infundibulum.  Glial cells migrate down with the infundibulum and are called pituicytes.  

· The pituitary is located in the sella turcica, and may be severed with injury.  

· The hypothalamus and pituitary develop in tandem.  The anterior pituitary wraps around the posterior pituitary’s infundibulum and joins the two structures of distinct origin.  

· The hypothalamus regulates the pituitary, but is also involved with emotion, satiety, thermoregulation, salt/water balance, etc.  So it has a lot of diverse functions.  

· There are two types of neurosecretory neurons of the hypothalamus

· The Magnocellular system mainly secretes ADH and oxytocin.  The neurons that do this are large and located in the paraventricular (PVN) and supra-optic (SON) nuclei.  Their axons extend through the infundibular stalk to the posterior pituitary, and they release their hormones directly into the fenestrated capillaries there.

· The Parvicellular system has smaller diameter neurons, which secrete releasing/inhibiting factors into the fenestrated capillaries of the portal vasculature at the median eminence.  They comprise the hypothalamic tuberoinfundibular system.  These neurons secrete very small volumes, since they go straight to the anterior pituitary through the portal system.  The concentrations are too small to have systemic effects.  
· The anterior pituitary produces hypophysiotropic hormones (FSH, LH, ACTH, TSH, Prolactin, and GH).  It includes a pars tuberalis, intermedia, and distalis (anterior lobe).  The pars intermedia secretes melanocyte stimulating hormone, but it’s not a big deal in humans.
· The posterior pituitary secretes neurohypophysial hormones (ADH, oxytocin).  It includes an infundibulum and a pars nervosa (posterior lobe).  
· Growth hormone and prolactin are very similar in structure, with an up-up-down-down bundle of helices.  

· Growth hormone axis:  the hypothalamus releases two hormones.

· The hypothalamus releases GHRH onto the anterior pituitary.  The GHRH receptor is coupled to Gs, which ultimately mobilizes Ca.  This stimulates GH release, which induces IGF-1 release from the liver.  This negatively feeds back on the pituitary and hypothalamus to inhibit its own secretion.  

· The hypothalamus also releases somatostatin, which inhibits anterior pituitary secretion of GH and TSH.  Pro-somatostatin gets cleaved to produce active peptides.  The somatostatin receptor is coupled to Gi and reduces Ca mobilization in target cells.  IGF-1 from the liver and GH from the anterior pituitary positively feed back on hypothalamic secretion of somatostatin.  So, when you get lots of GH or IGF-1, they increase the somatostatin release and decrease the production of downstream stuff.  It has the same effect as negative feedback.
· The cell bodies that produce GHRH are located mostly in the arcuate nucleus of the hypothalamus.  Cell bodies that produce somatostatin are in the periventricular nucleus.  

· GH secretion is pulsatile, often with a nocturnal peak.  

· Related to GH are prolactin and placental lactogens (which stimulate growth and lactation and are produced during pregnancy).  

· GH Receptors are in the class 1 cytokine family.  They bind one GH molecule, which allows them to dimerize and the JAK-2 to transphosphorylate.  This leads to downstream STAT signaling.  Because of the similarity to prolactin and placental lactogens, these hormones have some cross reactivity.  GH has some lactogenic activity and placental lactogen has weak growth promoting activity, although prolactin has only lactogenic activity.  

· GH induces production of IGF-1 in the liver.  IGF-1 induces bone, muscle, etc. growth.  GH mediates pubertal growth and much of normal growth too.  

· Short stature is defined as being below the 3rd percentile.  It may be familial (which isn’t an abnormality of any kind), pathologic, or from constitutional delay (short stature followed by a growth spurt that returns you to normal – delayed puberty).  It may be of genetic etiology, from a GH or GHRH receptor mutation.  

· Growth hormone deficiency:  May be recessive or dominant, resulting from GH gene or GHRH receptor mutations.  More often, growth hormone deficiency is idiopathic, simply presenting with short stature and low or absent GH/IGF-1.  

· You often see GH deficiency with TSH and prolactin deficiency too.  This may be due to pituitary abnormalities.  

· The anterior pituitary has 5 cell types:  corticotrophs (ACTH), gonadotrophs (LH, FSH), thyrotrophs (TSH), lactotrophs (Prl), and somatotrophs (GH).  Rathke’s pouch homeobox protein is expressed in Rathke’s pouch, and is the first marker for this structure.  This homeobox protein is responsible for forming communication links between the hypothalamus and pituitary.  This triggers other proteins to be expressed in a temporal and spatial pattern.  Thyro, lacto and somatotrophs develop from cells expressing Pit-1.  Pit-1 cells are responsive to Prop-1; Prop-1 is involved in the development of everything except corticotrophs.  Prop-1 turns on Pit-1.  
· Combined pituitary hormone deficiencies can result in cretinism, a deficiency in thyroid hormone that results in mental deficiencies.  It can also produce short stature.  One kid shows short stature, no GH, no TSH, low prolactin, but normal cortisol and normal LH/FSH.  He had mutated Pit-1, so didn’t have issues with corticotrophs or gonadrotropohs.  

· Pit-1 is a transcription factor that is a member of the POU family of developmental proteins with DNA binding domains.  When Pit-1 is expressed, it activates prolactin, growth hormone, and thyroid stimulating hormones.  It also feeds back and regulates its own expression.  

· Combined pituitary hormone deficiency (CPHD) is a pituitary hypoplasia that produces a deficiency of GH, TSH and prolactin.  It’s a mutation in the Pit-1 gene.  The mutations may be autosomal recessive or dominant, and there are lots of locations that may be mutated.  Dominant negative ones tend not to be in the helices of the Pit-1 gene product.  

· This produces a growth hormone deficiency that manifests as short stature.  So you can treat otherwise idiopathic (non-GH deficient) short stature with growth hormone (approved now for kids 2.25 SD below the mean).

Lecture 7:  Reproductive Endocrinology

· The glycoprotein hormones are:  LH, FSH, and TSH.  They have a common alpha subunit and a hormone specific beta subunit.  The glycosylation is essential to their function.  

· LH and FSH regulate reproductive development and function.  GnRH from the hypothalamus stimulates the anterior pituitary.  The anterior pituitary then releases LH and FSH, which go to the gonads.  The gonads then release T in males (negatively feeds back on pituitary and hypothalamus) and estradiol and progesterone in females (usually negatively feeds back, but can get positive feedback to produce an LH/FSH surge around ovulation).  

· Gonadal steroids are important for development of secondary sex characteristics.  They also exert effects on the brain through development and adulthood.  
· GnRH (aka LH Releasing Hormone) is highly conserved and cleaved from a pro-GnRH peptide.  GnRH secreting neurons originate in the olfactory placode, then migrate to their final location in the hypothalamus.  Some may not make it completely to their target destination, but even of those that don’t, most will still get their axons to the median eminence to secrete stuff to the anterior pituitary.  

· GnRH levels represent integration of a lot of inputs, like circadian, seasonal, nutritional, stress, sexual stimuli, etc.  So all of these things may affect reproductive activity.  

· The GnRH receptor is a GPCR, though it is unique in that it lacks a cytoplasmic tail.  It increases expression of LH and FSH, and it downregulates its own expression (a form of negative feedback).  

· GnRH is released in a pulsatile pattern.  LH secretion closely reflects this, whereas FSH has a longer half life and is regulated by other stuff so is not as strongly influenced by GnRH.  This pulsatile GnRH release is required in order to induce an LH/FSH response.  The frequency of pulses determines the relative amounts of LH vs. FSH produced.  Higher frequency pulses generate more LH, and lower frequency pulses generate more FSH.  
· Most pituitary hormones increase secretion in response to hypothalamic signals.  Even GH which gets some + and some – stimulation has a net overall increase in secretion when stimulated by the hypothalamus.  The exception is prolactin, which is tonically inhibited by DA.  

· If you are fasting, you will show markedly decreased LH secretion.  So fasting sort of inhibits this process that will lead to reproductive drive.  The stress of nutritional deficiency suppresses reproductive hormones.  
· LH and FSH receptors are GPCRs that stimulate adenylate cyclase.  hCG also binds the LH receptor.  The LH receptor stimulates P450scc in Leydig and Theca cells to turn on steroid production.  The FSH receptor has different functions in males and females.

· Puberty is the period of life in which secondary sexual characteristics are acquired.  Normally females develop pubic hair, breasts and meses between ages 8-12.  For males, they have growth and maturation between 10-14.  

· There are standards, measured as Tanner stages, for the progression of puberty.  The mechanism of puberty is an increase in pulsatile GnRH secretion.  It may be precocious or delayed.  

· Precocious puberty is breast development before 7-8 in females or increase intesticular size before 9 or pubic hair before 10 in males.  

· It may be Central Precocious Puberty, in which increased GnRH, LH/FSH, and E/T are responsible.  This is most commonly idiopathic, but may be due to CNS insult, GnRH secreting tumors (hamartomas), or with refeeding after nutritional deprivation.  Central precocious puberty can be treated with GnRH agonists that induce pituitary desensitization.  Just as non-pulsatile, constant doses of GnRH suppressed LH levels, so too can a GnRH agonist decrease LH/FSH secretion.  Very effective treatment.  
· Precocious puberty may also be independent of GnRH.  It may be due to E secreting ovarian cysts, adrenal or ovarian tumors, pituitary adenomas, exogenous estrogen exposure, or McCune-Albright syndrome (autoimmune activation of the ovaries).  

· Delayed puberty is in females a lack of breast development by 13 or menses by 15, or in males a lack of testes development by age 14.  It is usually due to low sex steroids.  The most common etiology of this kind of central hypogonadism is Kallmann syndrome (idiopathic hypogonadotropic hypogonadism).  Kallman syndrome is associated also with anosmia, a lack of smelling.  GnRH and olfactory neurons migrate from the olfactory placode to the hypothalamus.  The KAL1 gene product directs this migration, so mutations in KAL1 result in anosmia and GnRH deficiency.  The GnRH neurons never make it to the right place. 

