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Endocrinology

· Endocrine System 

· Pituitary/Hypothalamus 

· Anterior: FLATPiG

· Intermediate – MSH

· Posterior: ADH, Oxytocin 

· Thyroid: 

· Thyroid hormone (thyroxine=T4, T3) 

· Calcitonin 

· Parathyroid: 

· Parathyroid hormone (PTH) 

· Adrenal Cortex: corticosteroids

· Mineralocorticoids (ex. aldosterone) 

· Glucocorticoids: (ex. cortisol) 

· Weak androgens: DHEA 

· Adrenal medulla

· Epinephrine (same thing as adrenaline)

· Norepinephrine

· Traces of dopamine 

· Pancreas

· Insulin 

· Glucagon

· somatostatin 

· Possible pathologies 

· Hyperfunction: too much hormone 

· Hypofunction: too little hormone 

· Bulk disturbance 

· Tumor grows and size causes problem 
· Pituitary adenomas 

· Genetic problems
· defective enzyme – can’t make hormone

· defective receptor – can’t use hormone
· Tumors/cancer 

· Often cause hyperfunction 

· Sometimes cause bulk 

· HPA – Hypothalamic-Pituitary Axis 

· TRH (hypothalamus) stimulates release of TSH (anterior pituitary)
· CRH (hypothalamus) stimulates release of ACTH (anterior pituitary)
· GnRH (hypothalamus) stimulates release of FSH & LH (anterior pituitary)
· GHRH (hypothalamus) stimulates release of GH (anterior pituitary)
· PIF (hypothalamus) inhibits release of prolactin (anterior pituitary)
· Pituitary development 

· During development: 
· One part from brain – becomes posterior pituitary

· one part from roof of mouth – becomes anterior pituitary
· Anterior and posterior pituitary 

· pars distalis = anterior pituitary = adenohypophysis 

· pars nervosa = posterior pituitary = neurohypophysis 

· Anterior v. posterior 

· Anterior: glandular (adeno)

· Hormone binds, cell responds, gland releases peptide (small protein) and it goes into circulation 

· Releasing hormone produced in hypothalamus released into capillary plexus, goes through blood to anterior pituitary where it binds its receptor and signals the release of hormone into the circulation. 

· Posterior: neuronal (neuro)

· Neurons have cell body in hypothalamus and axons go through pituitary stalk (aka infundibulum) into posterior pituitary 

· Axon carries hormone to axon terminal, stored there and when action potential gets to end of axon it releases neurohormone 

· Release neurohormone into synaptic cleft which in this case is the rest of your body 

· Anterior Pituitary 

· FSH: follicle stimulating hormone (covered in sex lecture)
· LH: luteinizing hormone (covered in sex lecture) 
· ACTH: adrenocorticotropic hormone

· Goes to adrenal cortex and stimulates secretion primarily of cortisol

· TSH: thyroid stimulating hormone 
· Goes to thyroid gland and stimulate release of T3 & T4 
· Prolactin: 

· Will go to breast and stimulate milk production 

· i: ignore 

· G: growth hormone 

· Goes to everything and causes things to grow/repair 

· Posterior Pituitary

· ADH = vasopressin 

· Antidiuretic hormone: 

· decrease urine production, increase water retention/reabsorption

· Produce less urine, maintain blood volume 

· Constricts blood vessels 

· Goal of ADH/vasopressin is to increase BP 

· Oxytocin: 2 roles 

· 1. Milk release when baby wants to nurse 

· 2. Causes smooth muscle contraction of uterus (myometrium) during child birth

· Generally women do not nurse and give birth at same time

· First have receptors on uterus, after giving birth, receptors on uterus are down regulated while those in breast are up-regulated 

· hormone action changed depending on which receptors are present

· changed depending what needs to happen 

· Pituitary pathologies 

· Hyperpituitarism and Pituitary Adenomas 
· Usually caused by benign pituitary adenoma

· Increase in hormone produced by cells of tumor

· Decrease in all other anterior pituitary hormones
· Prolactinomas 

· Increase in prolactin, decrease in everybody else 

· Most common hormone secreting pituitary adenoma
· Growth hormone adenoma
· Increase in GH
· ACTH adenoma 
· Increase in ACTH
· Gonadotroph cell adenoma 
· Increase in LH and/or FSH
· TSH cell adenoma 
· Increase in TSH
· Hypopituitarism 

· Null cell adenoma (most common) 

· Null cells do not produce hormone 

· This tumor will not secrete anything 

· If starts growing, won’t realize it as soon because there are no other symptoms until it gets so large it compresses the optic chiasm or suppresses hormone production 
· Ischemic necrosis/ Sheehan syndrome 

· Blood supply to anterior pituitary reduced ( tissue dies 

· Occurs most often when woman looses a lot of blood during childbirth 

· During pregnancy the pituitary is enlarged & more susceptible to ischemia

· ischemia may also result from head trauma, e.g. car accident  

· Decrease in all ANTERIOR pituitary hormones, posterior will be unaffected by ischemia
· Note: posterior may be damage by trauma, e.g. car accident
· Ablation (cut out anterior pituitary when have adenoma) 

· Remove pituitary, have decrease in all the anterior hormones 

· Posterior pituitary syndromes: 

· Central diabetes insipidus

· Insufficient production of ADH, loss of free water, become dehydrated 

· Lots of urine, very dilute, with hyperosmotic blood 
· Nephrogenic diabetes insipidus (not strictly a posterior pituitary problem)
· lack of ADH action in kidney – similar clinical presentation as central DI

· supplemental ADH will not help these patients
· SIADH: syndrome of Inappropriate ADH 

· Too much ADH, retain too much water, become hyponatremic 

· Oxytocin deficiencies – not common – results in difficulty with delivery, use synthetic oxytocin (e.g. Pitocin)
· Diabetes Insipidus

· Insufficiency of ADH or ADH action
· Polyuria and polydipsia 

· Concentrated blood but dilute urine in large quantities 

· Can’t concentrate urine 

· Urine is hypo-osmotic, while blood is hyperosmotic 

· Neurogenic 

· Insufficient amounts of ADH 

· Supplemental ADH will help in these cases 
· Nephrogenic 

· Kidney is ignoring ADH – either missing/defective receptor or aquaporins
· Supplemental ADH will not help
· SIADH 

· Hypersecretion of ADH 
· More than we need

· There is no “normal” range for ADH, because it varies widely depending on need
· Enhanced water retention 

· For diagnosis normal adrenal and thyroid function must exist 

· Clinical manifestation are related to enhanced renal water retention, hyponatremia, and hypoosmolarity (blood becomes more dilute) (290 v. 250) 

· rapid fall in plasma osmolarity ( cell swelling 

· Big problem = neuronal swelling (they are inside skull that doesn’t expand) ( coma and death 

· Urine is hyperosmotic 

· Blood is dilute, urine is concentrated = too much ADH 

· Blood dilute, urine is dilute = water intoxication (too much water) not SIADH
· Often seen in “slow” marathon running drinking too much water

· Treatment – IV hypertonic saline administered “slowly”

· Can also be seen with ADH secreting tumors

· Treatment – remove the tumor – don’t bother to try to correct plasma osmolarity
· Hypopituitarism 

· Pituitary infarction 

· Sheehan syndrome 

· Hemorrhage 

· Shock 

· Panhypopituitarism

· Head trauma: tends to damage anterior pituitary 
· But damage to the pituitary stalk will affect the posterior pituitary
· Hyperpituitarism 

· Commonly due to a benign, slow growing pituitary adenoma

· Manifestations: 

· Headache and fatigue (any tumor in skull) 

· Visual changes 

· Bilateral temporal hemianopsia 

· Loss of peripheral vision 

· Hyposecretion of neighboring anterior pituitary hormones 

· Null cell : doesn’t secrete hormones so it grows for a long time before detection 

· Picture of pituitary adenoma (probably null cell) 

· Optic chiasm is right where pituitary is 

· Pressure on optic chiasm leads to peripheral blindness 
· If tumor is big enough – leads to complete blindness
· Visual pathways and defects

· Two eyes –  right and left 
· Two visual fields – medial and lateral (or temporal) 

· Medial part of right retina (temporal field) goes to left part of brain 

· Tumor in pituitary compresses nerves that cross over in optic chiasm 

· Would still have medial fields 
· Loss of peripheral vision
· Pituitary adenoma v. normal pituitary 

· Normal pituitary: all sorts of cell types with receptors for TSH, prolactin etc. 

· Adenoma (not a cancer): all cells look the same, displaces all other cell types 

· Diseases of anterior pituitary 

· Hypersecretion of growth hormone (GH) growth factor for connective tissue 

· After ~puberty your bones can only grow through apposition (thick not long)

· Acromegaly

· Hypersecretion of GH during adulthood 

· Gigantism (hypersecretion in childhood) 

· Hypersecretion of GH in children and adolescents 

· Hyposecretion of growth hormone 

· Pituitary dwarfism

· Hyposecretion of GH during childhood 

· Small but perfectly proportional (as opposed to achondroplasia)
· Achondroplasia: very different = short arms and legs but torso is normal size 

· Aches and pains 

· Normal decrease in GH with age 

· In adults GH calls for connective tissue repair 

· Older athletes use GH to help repair as opposed to young athletes who use steroids 

· Not considered a disease but causes aches & pain associated with aging
· Biochemical functions of GH 

· Indirect growth promoting actions 

· Stimulates Insulin-like growth factor (IGF-1)
· Stimulates connective tissue effects 

· IGF1 produced locally in tissues, and systemically by liver
· Helps us repair tissue as adults 

· One of many hormones that increases blood glucose (stimulates gluconeogenesis & lipolysis) 

· Will increase lipolysis trying to get us to use fat instead of glucose (weak at this) 

· Acromegaly 

· Excess GH after childhood 

· Growth: Chin, forehead, fingers wider

· Gaps in teeth because jaw keeps growing
· mildly increased blood glucose
· can get into diabetic range – not a common cause of diabetes
· Hypersecretion of Prolactin 

· Caused by Prolactinomas (most common hormone-producing pituitary adenoma) 
· In Females: ( prolactin ( amenorrhea, galactorrhea (milk secretion), hirsutism (( hair growth on face and body) and osteopenia (calcium comes from bones and milk production needs calcium) 
· In Males: ( prolactin ( hypogonadism, erectile dysfunction, impaired libido, oligospermia (decrease or lack of sperm in ejaculate) and diminished ejaculate volume 
· men generally cannot produce milk

· Thyroid gland 

· Around the base of the neck, below the Adam’s apple 
· Parathyroid glands 

· 4 bean shaped glands behind the thyroid gland 
· Hyperthyroidism 

· Graves disease: IgG activates TSH receptor
· Autoimmune disease where antibodies activate TSH receptors 
· Hyperfunctioning adenoma: toxic goiter 
· Cancerous or noncancerous growth that produces thyroid hormone 
· TSH cell adenoma 
· Cancerous or noncancerous growth that produces TSH
· Iatrogenic: caused by doctor prescribing/administering too much TH (thyroid hormone)
· TH controls the metabolism of cells 
· up-regulates catecholamine receptors (fight/flight mechanism)
· Symptoms: anxiety, jumpiness, weight loss, irritability, difficulty sleeping, fatigue, sensitive to heat, enlargement of thyroid gland (goiter), light menstrual periods, frequent bowel movements, exophthalmos (protruding eyeballs) 
· Treatments: beta blockers: (reduce catecholamine receptor activation), anti-thyroid medications, radioactive iodine treatment (goes straight to thyroid because it’s the only place we use iodine), surgery 
· Hypothyroidism 

· Hashimoto’s thyroiditis: autoimmune disease that attacks thyroid proteins, Type IV hypersensitivity 
· Iodine deficiency: The only thing we use iodine for is to produce TH, this deficiency is very rare in the US because we have iodized our salt, those that are furthest from the ocean are most likely to develop the deficiency (iodine is plentiful in oceans, and seafood)
· Note: “sea salt” does not have added iodine and is not a good source of iodine 
· Additionally, the salt used in most food processing is also not iodized
· Ablation: caused by the removal of the thyroid gland usually due to cancer 
· Idiopathic: any unknown cause of reduced TH 
· Symptoms: increased cold sensitivity, constipation, pale, dry skin, puffy face (myxedema), hoarse voice, elevated cholesterol, weight gain, muscle ache, swelling of joints, muscle weakness, heavy menstrual periods, depression 
· Cretinism: (when low TH occurs in utero or in children) 
· intellectual disability & short stature (usually caused by iodine deficiency, but check your expectant mothers)
· Treatments: Levothyroxine (give TH), Iodine (give iodine in cases of deficiency) 
· Thyroid Carcinomas 

· Papillary: (80%) is the most common thyroid cancer but 98% 5yr survival rate 
· Non-functional: does NOT produce TH 
· Follicular: (15%) may be hyperfunctional (secretes TH) 
· Medullary: (5%) produces calcitonin 
· Anaplastic: (rare) but almost 100% mortality rate, fast growing 
· Feedback Loops 

· TRH ( TSH ( thyroid which produces T3 and T4 which then inhibit TSH and TRH 
· If body isn’t making T3 and T4 the inhibition and feedback loop is not going to happen and body will continue to secrete TSH in hopes of making TH 
· this helps differentiate whether problem is in thyroid or hypothalamus 
· HPA Feedback control of the thyroid (KNOW THIS TABLE) 
· (TSH and ( T3/T4: hyperthyroidism, problem could be pituitary adenoma that is secreting TSH or ectopic TSH production usually from a lung cancer 
· ( TSH, ( T3/T4: problem with thyroid, hypothyroidism (e.g. Hashimoto’s or Iodine deficiency) 
· ( TSH, (T3/T4 : hyperthyroidism, problem: thyroid making TH on its own (Grave’s, toxic goiter, or thyroxine secreting thyroid cancer) 
· ( TSH, ( T3/T4: hypothyroidism, problem with pituitary (e.g. panhypopituitarism, null cell adenoma, or Sheehan’s syndrome) 
· Parathyroid Hormone and Calcitonin

· Are agonists (they do opposite things) 
· PTH: increases serum calcium levels 
· Immediate reabsorption of calcium from bone, also reabsorbs more phosphate into the blood (in order to keep phosphate levels controlled, PTH stimulates the kidney to get rid of excess phosphate) 
· increases renal calcium re-absorption and activates Vitamin D (which goes to intestines and tells them to increase calcium absorption from diet; activated Vitamin D promotes the absorption of calcium in the intestines which is usually poor; this is why Vit D was added to milk) 
· Calcitonin: decreases serum calcium levels 
· Inhibits calcium reabsorption by osteoclast-mediated bone resorption 
· PTH is essential for life, but calcitonin is not
· Hyperparathyroidism 

· Primary: Excess secretion of PTH from one or more parathyroid glands 
· Usually caused by adenoma or hyperplasia 
· Adenoma will only affect 1 parathyroid gland
· Hyperplasia will affect all 4 parathyroid glands
· Secondary: ( PTH secondary to another chronic disease 
· Caused by low Ca++ or possibly high Pi
· Symptoms: hypercalcemia, hypercalciuria (( Ca++ in urine), kidney stones (calcium phosphate stones), heartburn, N/V, osteoporosis, confusion, muscle weakness, depression, can have seizures 
· Treatment: surgery but CAN’T remove all 4 glands permanently (surgeon can remove all 4 and then reinsert part of 1 of them in the forearm) 
· Hypoparathyroidism 

· Usually caused by parathyroid damage during surgery 
· Know Chart 

· (PTH, (Ca, (Pi: primary hyperparathyroidism (PTH secreting tumor or hyperplasia: parathyroid glands that had to secrete PTH for long time and are now very large) 
· (PTH, ( Ca, (Pi: Secondary hyperparathyroidism (Ca++ or Vit D deficiency or malabsorption, or renal failure: losing too much Ca++ or not activating vitamin D) 
· ( PTH, ( Ca, ( Pi: secondary hyperparathyroidism (renal failure: can’t clear phosphate) 
· ( PTH, ( Ca, (Pi: Primary hypoparathyroidism (damage to parathyroid gland) 
· ( PTH, ( Ca, Pi doesn’t matter: secondary hypoparathyroidism (e.g. metastatic bone cancer is breaking down bone and releasing Ca++) 
· Structure of Adrenal gland

· Zona glomerulosa: secretes mineralocorticoids (e.g. aldosterone) 
· Zona fasciculata: secretes glucocorticoids (e.g. cortisol) 
· Zona reticularis: secretes weak androgens (e.g. DHEA)
· Medulla: catecholamines (epinephrine, norepinephrine) they are NOT steroids 
· Hypercorticism (Cushing Syndrome/Disease)

· Pituitary: pituitary tumor (officially Cushing Disease) 
· Adrenal: adrenal tumor 
· Paraneoplastic: ACTH secreting tumor outside pituitary (first thought – lung cancer)
· Iatrogenic: drug induced (immunosuppressant steroids) 
· Cushing syndrome: too much cortisol due to any cause 
· Symptoms: starvation mode but eating a lot, weight gain in mid-section, buffalo hump, moon face, stretch marks, slow healing cuts, depression, hirsutism, acne, irregular menstrual periods, erectile dysfunction, (BP
· Hyperaldosteronism

· Primary: too much aldosterone (Conn’s Syndrome)

· Retain ( Na, ( H2O, ( BP
· Safety valve so we don’t blow up like balloon = pressure natruresis, kidney will start dumping sodium into urine, will have modest HTN and hypernatremia but will continue seeing ( potassium) 
· renin will be very low, but decreased renin has no effect on aldosterone production
· Secondary: ↓BP or Na+ ( ↑ renin ( ( angiotensin ( ( aldosterone 
· Adrenogenital Syndrome

· Due to 21-hydroxylase deficiency (or other enzyme deficiencies)
· Impairs the synthesis of cortisol and aldosterone and don’t get feedback (ACTH will (, cause more intermediates to be made, ( ( DHEA (weak androgens) ( female becomes more male-like (clitoromegaly, hirsutism, lack of breast development, ( muscle bulk) 
· Treatment: give cortisol – enough to decrease ACTH production, but not enough to cause Cushing’s
· Adrenal Hypofunction 

· Chronic Adrenocortical insufficiency (Addison’s Disease) 

· Insufficient adrenal cortex hormones 
· Often caused by autoimmune damage/destruction of the adrenal cortex
· Muscle weakness, weight loss, darkening of skin, (BP, salt craving, ( blood sugar, N/V 
· If not making cortisol ( high ACTH (  produce lots of cast offs from POMC, including MSH ( more skin pigment (tan tongue, nail bed, etc.) 
· Pheochromocytoma – neoplasm of chromaffin cells 
· Catecholamine levels through the roof – usually in pulsatile release
· Rapid heart rate, irregular heart beat, excess sweating, chest pain, severe headache, shaking, tremors, anxiety, feeling of fright, pale skin, ( BP
· Insulin Action on Cells 

· Insulin: one of the strongest growth factors especially for muscle 
· Causes glucose transporters to move to plasma membrane to bring in glucose to the cell (cells that respond are primarily muscle and fat cells)
· Use glucose to make ATP or store it as glycogen or fat for later 
· Increase protein synthesis to make more muscle 
· or increase fat synthesis to store excess energy
· In presence of insulin the sodium ATPase pump is cranked up 
· If person has lots of potassium in serum: give them insulin to turn on the pump and follow that with glucose in order to prevent hypoglycemia
· ( appetite, ( glucagon, 
· ( glucose uptake by muscle, fat,( glycolysis, triglyceride synthesis, amino acid uptake, protein synthesis 
· Type I Diabetes Mellitus 

·  Onset is usually < 20 yrs, normal weight, ( blood insulin, anti-islet cell antibodies against beta cells of pancreas, ketoacidosis is common, very high glucagon levels 
· < 50% concordance in twins, HLA-D linked, no female preference (~ 1:1)
· autoimmunity (type IV hypersensitivity), severe insulin deficiency 
· marked atrophy and fibrosis of islet cells as well as Beta cell depletion 
· Type IV hypersensitivity in which pt develops self-reactive T cells that destroy the β-cells (insulin producing cells) of the pancreas 
· Type II Diabetes Mellitus 

· Onset is > 30 yrs (usually; younger now), obese, ( blood insulin that leads to insulin resistance, NO anti-islet cell antibodies, ketoacidosis is RARE (at least early in disease) 
· >90% concordance in twins, NO HLA associations
· Insulin resistance, relative insulin deficiency 
· Focal atrophy and amyloid deposits of islet cells, mild Beta cell depletion 
· Not autoimmune, very low glucagon
· Fasting blood glucose: Over 100 mg/dl = pre-diabetes, over 126 mg/dl = diabetes 
· As muscle and fat are less responsive to insulin ( pancreas produces more insulin which maintains blood glucose but causes hyperinsulinemia ( insulin sensitivity continues to fall and hyperglycemia results and ( Beta cell destruction and loss of insulin production 
· Gestational Diabetes 

· Any previously undiagnosed diabetes that presents during pregnancy
· ( risk of subsequent gestational diabetes AND type II diabetes 
· probably caused by chorionic somatomammotropin and underlying predisposition
· HbA1c- glycosylated hemoglobin 

· measure amount of glycosylation in blood by looking at HbA1c
· normal person 4-5% hemoglobin is glycosylated 
· goal for diabetics: keep it below 7% 
· the higher the number the greater the risk for diabetic complications 
· Acute complications of DM 

· Hypoglycemia: too much insulin (particularly with Type I) 
· HHNKS: so much glucose in blood that it becomes hyperosmotic and starts drawing in fluid from cells 
· Diabetic ketoacidosis 
· Chronic Complications 

· Microvascular disease: diabetic retinopathy, nephropathy, cardiomyopathy 
· Macrovascular disease: CAD, MI, stroke, peripheral artery disease 
· Neuropathy
· Cataracts and glaucoma 
· Infections due to poor circulation: gangrene, amputated feet 
