Lecture 4: Endocrine system
 hypothalamus: (supervises production of hormones)
 pituitary gland: (ctrls endocrine glands)
 thyroid gland: (metabolism)
 parathyroid gland (ca2+ lvls)
 pancreas (synthesize insulin/glucagon for glucose lvls)
 adrenal glands (mood, kidney functn, immune system, stress response/sex org)
 reprod. Gland (woman-ovaries, males-testes)

 influences almost every cell/organ & function in our bodies
 in charge of body processes, works with NS to ctrol faster procresses
 gland: group of cells that produce/secrete hormones/other chemicals
 exocrine: secretes locally in spec. areas
 endo: release hormones into bloodstream  then goes to other places

Chapter 57: drugs for diabetes mellitus
 production of large volumtes of glucose-rich urine
 disorder of carbohydrate metabolism, symptoms=deficiency of insulin or from cellular resistance to insulin’s actions.
 insulin=anabolic hormone (promotes conservation of E and buildup of E stores) 
 insulin stimulates uptake of gluc, amino acids, K+ / promotes synthesis of complex organic mlcls
insulin deficiency=hyperglycemia b/c changes to catabolic mode ( break down glycogen, no uptake of glucose) 
 symptoms: polyuria, polydipsia, polyphagia, ketonuria, hypertension, heart disease, renail failure, blindess, neuropathy, amputations, impotence and stroke, disrupt protein and lipid metabolism too 

Types of Diabetes Mellitus 
type 1: autoimmune destruction of pancreatic beta cells (resp. for insulin synthesis)  reduced insulin levels 
- insulin-dependent, juvenile onset
- age of onset: child/adolescence, and speed of onset is abrupt 
- usually no family history, prevalence 5-10%, 
- treatment: insulin and diet, glucose lvls fluctuate widely
- symptoms: polyuria, polydipsia, polyphagia, weight loss, body type: thin and ketosis is common 
 type 2: combination of insulin resistance and impaired insulin secretion;
- non-insulin, adult-onset 
- age of onset: usually over 40, speed of onset is gradual
- there is family history, prevalence 90-95%
- cause can be family assoc; insulin lvls are low-high
- treatment: exercise, diet, hypoglycemic/insulin
- blood glucose lvls are more stable and may be asymptomatic, body type: obese and ketosis is uncommon 

Short term complications of diabetes 
 hyperglycemia (insufficient insulin) and hypoglycemia (insulin is excessive).  
 ketoacidosis: fatal acute complication, develops when hyperglycemia is allowed to persist. 
 adverse effect of insulin therapy is hypoglycemia: insulin levels exceed insulin needs, symptoms: tachycardia, palpitations, sweating, headache, confusion, drowsiness and fatigue
 if hypoglycemia is severe, convulsions, coma and death may follow 
 beta blockers= delay awareness of hypoglycemia and they inhibit breakdown of glycogenglucose (impede replenishmen)

Long Term complications of diabetes
 deaths result from long-term complications, not from others
 pts with type 1 = insulin therapy made long term complications possible!! 
 most long term complications occur secondary to disruption of blood flow (macrovascular or microvascular injury); tight ctrl of blood glucose=reduce microvascular injury
- tight glycemic ctrl = reduce macrovascular injury 

Macrovascular damage: 
 CVD = leading cause of death among diabetes patients; diabetes = increase risk of heart disease, hypertension/ stroke; much of this = due to atherosclerosis (dvlps earlier in diabetes than in nondiabetes, progess @ faster rate) 
 macrovas. Result from combo of hyperglycemia/altered lipid metabolism 

microvascular damage 
 dmg to small blood vessels/capillaries= common. Basement memb of capillary thickens  blood flow to fall; dmg to small BV  kidney dmg, blindness, various neuropathies
 microvas linked to degree/duration of hyperglycemia 
 retinopathy: diabetes = major cause of blindness (dmg to retinal capillaries) 
 nephropathy: diabetic dmg to kidneys = proteinuria, reduced glomerular filtration and increased arterial blood pressure, this = most common cause of end-stage renal disease (requires dialysis or kidney transplant for survival) 
- risk of this is 12x more likely in type 1 than type 2; kidney transplant may fail w/n years unless tight glycemic ctrl 
- screen for kidney dmg: microalbuminuria (presence of albumin in urine); usually albumin is too big to go through the glomerulus
- treatment: angiotensin-converting enzyme inhibitor or angiotensin II receptor blocker = delay onset of nephropathy and slow its progression; these can also ctrl hypertension 

Sensory/motor neuropathy
 nerve degeneration in diabetic ppl, but symptoms absent for years; symptoms: tingling sensations in fingers/toes, pain, suppression of reflexes and loss of sensation

Autonomic neuropathy: Gastroparesis
 delaying of stomach emptying affects 20-30% w/ long-standing diabetes
 manisfestations: nausea, vomiting, delayed gastric emptying + abdominal distention
 symptoms reduced by metoclopramide (dope blocker that promotes gastric emptying)
 can also cause EPS and TD (tardive dyskinesia) 

Amputations secondary to infection 
 lower limb amputations caused by diabetes, cause is due to severe infections 
 reasons by infection occurs 1) hyperglycemia gives glucose rich environ. For bact. To grow 
2) diabetes can surpress immune function 
3) diabetic neuropathy can prevent pt from feeling discomfort / other sensations that would signal infection is coming 

Erectile dysfuncion: BV injurt and neuropathy causes this 
Diabetes and prego
 placenta produce hormones that antagonize insulin actions 
 prod. Of cortisol (promotes hyperglycemia) increases during prego 
 glucose can pass through placenta to fetal circulation = hyperglycemic mom will increase secretion of fetal insulin adverse effects on developing fetus 
 Gestational diabetes: diabetes that appears during prego and subsides after delivery, but sometimes diabetes can remain after delivery 

Diagnosis of diabetes: excessive plasma glucose 
 fasting plasma glucose test: blood drawn at least 8h after meal (>6.9)
 casual plasma glucose test: blood drawn at anytime (>11 + symptoms of diabetes) 
 oral glucose tolerance test: ingest gluoce and measure 2h later (>11)
 glycosylated hemoglobin test: det. Avg blood glucose lvl over period of months; used to monitor long-term glycemic ctrl 

Prediabetes: impaired fasting of plasma glucose/glucose tolerance 
 lvls are below lvls of diabetes but are too high to be considered nrml  can dvlop to diabetes 

overview of diabetes treatment 
 goal: prevent long-terim complications (esp. CVD, retinopathy, kidney disease + amputations)
 maintain tight ctrl of blood glucose 

TYPE 1 DIABETES
 need glycemic ctrl (diet, self-monitoring of blood glucose, exercise and insulin replacement) 
dietary measures: maintain weight, not lose it.
 carbs + monosaturated fats (60-70% of E intake) 
 protein (15-20% E intake); polyunsaturated fat (10%); saturated (>10%)
 chol limited to 300 mcg/day; total caloric intake should be spread evenly throughout day
 glycemic index: iindicator of how a carbohydrate will affect blood glucose lvls 
- high glycemic index = raise glucose lvls more rapidly than foods with low glycemic index
- ideally: better glycemic ctrl with high-index foods in moderate amounts then a lot of low index foods 
exercise:  increases cellular responsiveness to insulin + increase glucose tolerance 
insulin replacement: type 1: daily dosing of insulin (balance with caloric intake or elseketoacidoses) 

TYPE 2 DIABETES 
 ctrl blood glucose and treatment should address factors that increase morb/mortality 
glycemic ctrl: diet and exercise: blood glucose ctrlled by diet + exercise
glycemic ctrl: drug therapy: if diet + exercise fail=pharmacotherapy
 drugs: oral antidiabetic agents, pramlintide, liraglutide and exenatide, daily insulin

Monitoring treatment 
 self-monitoring blood glucose: SMBG uses devices = glucometers (measure blood glucose)
- pt puts blood on chemical strip and then goes to machine 
 glycosylated hemoglobin: hemoglobin A1c: provides index of average glucose lvls in first 2-3months; glucose interacts with RBC to form glycosylated derivatives (HbA1c)
- prolonged hyperglycemia= HbA1c levels increase 

INSULIN: PHYSIOLOGY 
Biosynthesis: insulin synthesized by pancreas by beta cells w/n islets of Langerhans 
Secretion: rise in blood glucose, increase insulin
Metabolic Actions: anabolic: promotes conservation of E + buildup of E stores
- hormones promote cell growth/division, stimulates uptake of glucose, a.a, nucelotides + K+ 
- promotes synthesis of complex organic mlcls
Metabolic consequences of insulin deficiency: deficiency puts body into catabolic mode (increase blood sugar = hyperglycemia) 

INSULIN: PREPARATIONS AND ADMINISTRATION 
sources of insulin: recombinant DNA techno, beef and pork pancreas 
types of insulin: 3 groups: short, intermed, and long duration; short= subdivided into 2 groups: rapid/slower acting. 
Appearance: insulin= cloudy suspensions, today: insulin is clear, colourless solutions (except for NPH insulins=still cloudy) 
Administration:
 subcutaneous injection: otherwise would be inactivated if given orally 
 injection sites: upper arm, thigh and abdomen. Absorption fasted if abdomen and slowest in thigh
 injection devices: syringe and needle, pen injectors (similar to syringe but more convenient) and jet injectors (through skin into subc. Tissue)
subcutaneous infusion
 portable insulin pumps: slowly deliver doses of short-acting insulin via subcutaneous catheter (usually located in abdomen)
 implantable insulin pumps: surgically implanted in abdomen and give insulin 
intravenous infusion: for emergencies 
inhalation

INSULIN: THERAPEUTIC USE
Insulin: therapy of diabetes 
 tight glucose ctrl: benefits and drawbacks 
 maintain ctrl is difficult, but can greatly reduce morbidity and mortality
 TGC increases risk of hypoglycemia, less convenient than conventional therapy, increased complexity, and need for greater pt. motivation, expense is higher 
dosage: insulin dosage must match insulin needs 
 if caloric intake increase = insulin dosage must increase too 
dosage schedules: conventional therapy, intensive conventional therapy (provide TGC, doses are adjusted to match caloric content of each meal), continuous subcutaneous insulin infusion (portable infusion pump connected to subcutaneous catheter, delivers insulin continuously, slow but steady rate) 
 achieving TGC: careful attention to all elements of the treatment program (diet, exercise), a defined glycemic target, self-monitoring og blood glucose 3-5 times daily, high degree of pt motication and extensive patient education should be taken into consideration for better TGC
inform the patient about nature of diabetes, importance of TGC, procedures for purchasing insulin, methods of insulin storage, mixing insulins, calculation of dosage adjustments, monitoring Blood glucose

 complications of insulin treatment 
 hypoglycemia (insulin lvls exceed insulin needs); insulin excess can be due to OD 
can result in nausea, vomiting and reduced intake of food, excessive consumption of alcohol(promotes hypoglycemia) and unusually intense exercise 
- must be treated immediately or else irreversible brain dmg occurs or death
- glucose levels can be restored with fast-acting oral sugar (but if gag reflex=don’t administer by mouth); IV glucose preferred or parenteral glucagon 
- diabetic pts should always have oral carbohydrate available 
- hypoglycemia + diabetic ketoacidosis can cause coma (hypoglycemia more common)

other complications of insulin treatment
 lipodystrophies: lipoatrophy (loss of subcutaneous fat) & lipohypertrophy (accumulation of subcutaneous fat) can occur; lipoatrophy is very rare today
- liphyper: occurs @ sites of too-frequent injection 
allergic reaction: rare, site becomes red and hardened, usually reaction due to insulin preparation not insulin itself 
 hypokalemia: insulin promotes uptake of K+ cells, therefore lowers K+ levels 

Drug interactions: 
 hypoglycemic agents: drugs that lower blood glucose can intensify hypoglycemia induced by insulin (Ex. Alchohol) 
 hyperglycemic agents: drugs= raise blood glucose (thiazide diuretics, glucocorticoids, sympathomimetics) can counteract desired effect of insulin
 Beta-adrenergic blocking agents: delay awareness /response to hypoglycemia by masking symptoms; beta blockers can make hypoglycemia worse by blocking conversion of glycogen glucose

DRUGS FOR TYPE 2 (oral and injectable drugs)
Oral drugs: metformin is usually started immediately after type 2 has been diagnosed
 some oral drugs (sulfonylureas, glitazones and glinides) actively drive blood gluc. Down
 others (metmorfin and alpha-glucosidase inhibitors) modulate the rise in glucose that occurs after meal;  first group can cause hypoglycemia 
- Biguanides (metformin) 
 toxicity: lactic acidosis: binguanides inhibit metab. Of lactic acid. Mortality 50%
 pts with renal insufficiency, metformin can rapidly accumulate to toxic levels
 contradicted in pts with liver disease, heart failure, severe infection, shock, or who consume alcohol to excess 
- sulfonylureas: promote insulin release from panc. Beta cells 
 cardiovascular toxicity: adverse CV reactions are a little concern
 use in prego and lactation: don’t use these drugs during prego, teratogenic in animals
- newborns exposed to this near delivery have experienced severe hypoglycemia lasting 4-10 days, also excreted into breast milk (use insulin instead) 
 drug interactions: combined with alcohol, disulfiram-like rxn occurs (flushing, palpitations and nausea) 

- thiazolidinedions (Glitazones) 
Troglitazone was used followed by rosiglitazone and pioglitazone, but trog is not used anymore b/c causes severe liver dmg, rosi assoc with sudden cardiac death and myocardial infarction
- Glinides: same mechanism as sulfonylureas: stimulation of pancreatic insulin release (repaglinide + nateglinide) 
- Alpha-glucosidase inhibitors: acarbose and miglitol act in the intestine to delay absorp. Of carbs
- Gliptins: enhance action of incretin hormones, endogenous cmpns that stimulate glucose-dependent release of insulin + suppress postprandial release of glucose from liver (keeps blood glucose from being too high) 
- Dope agonists: bromocriptine, used to treat PD (unclear action with diabetes) 

NEW INJECTIBLE DRUGS FOR DIABETES
- Exenatide: incretin mimetics, improves glucose ctrl in pts taking metformin or a sulfonylurea. 
 sitagliptin as identical effects but diff mechanism, this poses risk for pancreatitis  (pancreatic necrosis, pancreatic hemorrhage and even death) 
-Liraglutide: similar to exenatide, can cause thyroid cancer in rodents 
-Pramlintide: amylin mimetics, complement effect of insulin in patients with type1+2 diabetes. 
Amylin= peptide hormone made in pancreas and released w/ insulin. 
Both reduce postprandial lvls of glucose by delaying gastic emptying + suppresses glucagon secretion. 
 both act on brain, increase sense of satiety and lower caloric intake

DIABETIC KETOACIDOSIS AND HYPERGLYCEMIC HYPEROSMOLAR NONKETOTIC SYNDOME (HHNS) 
 severe hyperglycemia brought on by insulin deficiency, sugar spilled into urine
 osmotic diuresis dvlps  loss in h2o, NA+ and K+, vomiting also occurs 
 dehydration  blood thickens and blood flow =sluggish causing cerebral dehydration  shock, coma, seizures and death 
 DKA but not HHNS: altered fat metabolism and blood lvls of ketoacids rise (blood pH falls) 
 “sweet breath due to ketones”, DKA occurs mostly in type 1, HHNS usually type 2 

Chapter 58: Drugs for Thyroid Disorder 
 thyroid hormone profound effects on metabolism, cardiac function, growth, and development
  stimulate metabolic rate of most cells, increase the force/rate of cardiac contraction. 
 During infancy and childhood, thyroid hormones promote maturation; deficiency  extreme short stature + permanent mental impairment.
most abnormalities of thyroid function can be treated.

THYROID PHYSIOLOGY 
Chemistry and nomenclature: gland produces two hormoes: t3 and t4 (thyroxine) 
 t3 is more potent than t4, generic name of t3 = liothyronin and t4= levothyroxine 
Thyroid hormone actions: thyroid hormone stimulates E use, stimulates heart, promotes growth+development
 E use  increase BMR, increase O2 consumption, and increase heat production 
 heart  increase force of contraction + rate, CO and o2 demand 
Regulation of thyroid function by the hypothalamus and anterior pituitary 
 thyrotropin releasing hormone secreted by hypo goes to pituitary to release TSH 
 TSH acts on thyroid to increase thyroid size, iodine uptake, and synthesis/release of hormones
 further release of TSH due to increase T3/T4
 negative feedback loop 
effect of iodine deficiency 
 thyroid hormone decrease, lvls promote TSH which causes goiter (+ feedback)

THYROID FUNCTION TESTS
Serum TSH: screening and diagnosis of hypothyroidism, and monitoring replacement therapy in hypothyroid pts. 
Serum T3/T4: can measure total or free T3/T4. Measure of free hormone usually, hyperthyroidism when T3/T4 are high and TSH is low 

THYROID PATHOPHYSIO
Hypothyroidism: occurs @ any age, mild deficiency of thyroid=hypothyroidism in adults; severe deficiency= myxedema. Infants = cretinism 
in adults: 
clinical presentation: signs and symptoms depend on disease severity 
- mild hypo: symptoms are subtle, moderate-severe hypo: face is pale, puffy, expressionless, skin is cold/dry, hair brittle, hair loss, HR and Temperature= lowered, lethargy, fatigue and intolerance to cold 
- depression is common, goiter may occur if low T3/T4 lvls promote excessive release of TSH 
 causes: hypo due to malfunction of thyroid itself; in iodine-sufficient countries, cause is chronic autoimmune thyroiditis (hashimoto’s thyroiditis) 
- other causes: insufficient dietary iodine, surgery removing thyroid, destruction of thyroid by radioactive iodine, insufficient secretion of TSH/TRH
 therapeutic strategy: replacement therapy with thyroid horm. Usually lifelong; usually just T4 alone

hypo during prego 
 can cause mental retardation, maternal hypo can decrease IQ and other neuropsychologic function in child (only if in 1st trimester)
 hard to diagnose b/c symptoms are not specific or no symptoms at all 

hypo in infants: 
 clinical presentation: may be permanent or transient; can cause mental retardation and derangement of growth; child develops long tongue, potbelly and dwarfish stature (dvlpmnt of NS, bones, teeth and muscles = impaired) 
 causes: failure of fetus to dvlp thyroid gland (genetic defect, autoimmune), or from maternal causes 
 therapeutic strategy: replacement therapy w/n a few days of birth is essential, if given beyond 3-4 weeks  permanent retardation; treatment continue for 3 years 

hyperthyroidism: 
Grave’s disease: excessive thyroid hormone secretiong (mostly women 20-40y) 
 Clinical presentation: HR fast and strong, dysryth. And angina
- CNS stimulatied (nervousness, insomnia, rapid thought flow, rapid speech), skeletal muscle weaken, MR raised (increase temperature, intolerance to heat, skin is warm and moist) 
- appetite increased, but weight loss occurs if caloric intake fails to make MR, usually exophthalmos occurs (protrusion of eyeballs) and goiter 
 cause: thyroid-stimulating immunoglobulins (TSIs), Ab produced by autoimmune process; increases thyroid acitivty by stimulating receptors for TSH 
 treatment: decrease prod. Of thyroid hormones, surgical removal of thyroid tissye, destruction of thyroid tissue w/ radioactive iodine and suppression of thyroid hormone synthesis with antithyroid drugs can be used 
- beta blockers and nonradio active therapy may be used as adjunctive therapy ( beta suppresses tachycardia; nonradio inhibits synthesis of thyroid horm.)

toxic nodular goiter (Plummer’s disease) 
 occurs as a result of thyroid adenoma, benign tumour that oversecretes T3/T4
 similar to Grave’s except for exophthalmos; treatment same as Grave’s but if use antithyroid drug= symtpoms return rapidly when drug = withdrawn; preferred surgey and radiation as treatment

Thyrotoxic Crisis (thyroid storm):
 can occur in pts with thyrotoxicosis when they undergo surgery or dvlp severe illness (sepsis, infection) 
 profound hyperthermia, severe tachycardia, restlessness, agitation, tremor, maybe unconsciousness, coma, hypotension and heart failure 
 can be life threatening, immediate treatment. K+ iodide or strong iodine solution given to suppress thyroid hormone release to T3; beta blocker given to reduce heart rate 

THYROID HORMONE PREPARATIONS FOR HYPOTHYROIDISM 
 Levothyroxine (T4): conversion to T3
 T4 can maintain lvls of T3 too, so no need to give T3 as treatment 
therapeutic uses: used for all forms of hypothyroidism; don’t use to treat obesity. These hormones increase metabolism and promote weight reduction only if dosage is high enough to establish a pathogic state (hyperthyroid) 
adverse effects: rarely cause effects, overdose thyrotoxicosis may result, chronic OD is assoc. w/ bone less and increased risk of atrial fibrillation 
Drug interactions: drugs that reduce absorption/accelerate metabolism
  Warfarin: levo enhances effects of warfarin(anticoagulant) 
 Catecholamines: thyroid hormone increase cardiac responsiveness to catecholamines (E, Dope and dobutamine) increase risk of catecholamine-induced dysrhythmias 
 other: levo can increase req. for insulin and digoxin (so increase these two) 

Are levothyroxine preparations interchangeable? 
 available in several brand names, levo has a small therapeutic range
 should keep pt on the same brand-name levos, if switch is made retest serum TSH in 6 weeks and adjust dosage, advise pt to check w/ prescriber before allowing pharmacist to swtich to diff levos
Route of administration: levos almost always orally, IV used for myxedema coma or for pts who can’t take it orally 
Evaluation: dosage determined by using combo of clinical judgement based onsymptoms and lab test
 measure of serum TSH is important for evaluation, evaluation should be done 6-8 weeks after treat.
Duration of therapy: usually for life, provides symptomatic relief

Liothyronin (T3) synthetic preparation of T3
Contrasts with levo: liothyronin shorter half life and duration of action, more rapid onset, more expensive 
 if you need speedy recovery use this (myxedema coma) 
evaluation: based on clinical and lab data (free serum t3, and serum tsh) 

DRUGS FOR HYPERTHYROIDISM 
Thionamides (propulthiouracil and methimazole) 
 suppress thyroid synthesis, methimazole req. fewer daily doses than PTU and is preferred 
 methimazole crosses placenta so PTU preferred during prego ; metho doesn’t block conversion of T4 to T3) 
mechanism of action: block thyroid synthesis and suppress conversion of T4 to T3, don’t destroy existing stores of thyroid 
therapeutic uses: Grave’s disease, adjunct to radiation therapy until effects of radiation become manifest, suppress thyroid synthesis in prep for surgery and in thyrotoxic crisis 
adverse effects: agranulocytosis: rare, first 2 months of therapy, sore throat and fever; if this occurs PTU should be d/c (filgrastim may fasten recovery) 
 hypothyroidism: dosage shuld be reduced if this occurs; temporary admin of thyroid maybe
 pregnancy and lactation: thionamides can cause neonatal hypothyroidism and goiter, keep dosage as low as possible 

Radioactive iodine 
Physical properties: emits combo of beta and gamma rays; radioactive decay is rapid
Effect on thyroid: concentrated @ thyroid gland, gradual destruction of thyroid tissue by beta particles
Advantages/disadvantages: low cost, patients spared risks, discomfort and expense of surgery, death from treatment is rare and no tissue other than thyroid is injured 
 effect of treatment is delayed, can cause delayed hypothyroidism and adverse effects from large dose can be severe (radiation sickness/leukemia)  but these are rare
who should be treated with this: pts over 30 or pts who didn’t respond to antithyroid drugs or to subtotal thyroidectomy 
thyroid cancer: malignant thyroid cells may be killed 
diagnoistic use: diagnose hyperthyroidism, hypo and goiter; following admin, thyroid is scanned for uptake of radioactivity, amount/location of uptake reveal extent of thyroid activity 

Nonradioactive iodine 
Strong iodine solution (Lugol’s solution) 
 mixture containing 5% iodine and 10% K+ iodide
mechanism of action: in high [], iodide has suppressant effect on thyroid
therapeutic use: given to hyperthyroid ppl to suppress thyroid function 
adverse: chronic ingestion can produce iodism (brassy taste, burning sensation in mouth/throat, soreness of teeth and gums, headache, salivation and various skin eruptions, coryza –nasal inflammation) 
OD: will injure the GI tract, (abdom. Pain, vomtting and diarrhea, swelling of glottis) 
 treatment: gastic lavage and giving sodium thiosulfate to reduce iodine to iodide 

potassium iodide 
 taken orally used to protect thyroid in radiation emergency (nuclear accident) 
beta blockers: propranolol and others can suppress tachycardia and other symptoms of Grave’s and in thyrotoxic crisis

Chapter 59: Drugs Related to Hypothalamic & Pituitary Function 
 both help regulate practically all bodily processes 
 GH, ADH and prolactin 
pituitary & hypo: located below the 3rd centricle of brain, hypothalamus located above it. 
Hormones of Anterior: GH, corticotropin (adrenal cortex for adrenocortical hormone), thyrotropin (TSH), FSH (follicular growth and spermatogenesis), LH (ovulation and corpus luteum, androgen production in testes), prolactin (milk production) 
Hormones of Post: oxytocin and ADH 
Hypothalamic release-regulating factors: regulates release of hormones from AP, most stimulate release of hormones but two inhibit 
Feed back regulation
GROWTH HORMONE 
 largest polypeptide produced by AP, helps regulate growth, too much= gigantism (too much before puberty) and acromegaly (too much during adulthood), too little = short stature
physio of GH: hypo releases GHRH, pit. Releases GH and somatostatin inhibits GH release; GH acts on liver and other tissues 
biological effects of GH: promotion of growth
 GH stimulate growth in all organ/tissues, size and number of muscle cells increase, internal organs grow all over (only ones that don’t grow are eyes and brain) 
 GH increases prod. Of protein and plasma levels of glucose increase
pathophysio: growth hormone deficiency
 pediatric: GH essential for nrml growth in children, w/o it  short stature; but all proportional; mental function not impaired, only treatment  replacement therapy
 adult: GH deficiency = reduced muscl mass, reduced exercise capacity and increase mortality from CV causes and impaired psychosocial function 
 growth hormone excess
 consequences: gigantism and acromegaly occur (very tall children); in adults, effects on bone growth result in facial features, splayed teeth, large hands and feet but height is not increased
- headache profuse sweating, soft tissue swelling, hypertension, diabetes in both adult/child; cause of GH excess is pituitary adenoma 
 treatment overview: gigantism: surgical removal of pituitary; acromegaly: can do surgery, radiation or drugs (radiation takes about 10-20 years to produce full response)

Clinical pharmacology of GH 
Therapeutic uses
 pediatric growth hormone deficiency: treatment should begin early in life and must stop prior to epiphysel closer at the end of puberty (children) GH replacement is expensive
 pediatric non-growth hormone- deficient short stature
 adult growth hormone deficiency: replacement theory can increase body mass, decrease adipose mass, increase lumbar spine density; GH also increases systolic BP and fasting glucose (bad) 
- does not increase strength
adverse effects and interactions of GH
 hyperglycemia: GH is diabetogenic; hyperglycemia may result in pts w/ pre-existing diabetes
 neutralizing Ab: renders the hormone inactive
carpal tunnel syndrome interaction with glucocorticoids: opposes growth promoting effects of GH

administration: IM or subQ  (parenteral) 

MECASERMIN (INSULIN- LIKE GROWTH FACTOR-1)
 produced by recomnb. DNA technology; identical to insulin-like growth factor (mediates effect of GH); used when neutralizing Ab to GH dvlp (expensive) 
PROLACTIN
 polypeptide hormone produced by AP. Milk production
 deficiency= no symptoms except disturbatnce of lactation, overproduction = many adverse effects 
regulation of release : under influence of dope released from hypo, release of prolactin is suppressed
 PRF (releasing factor) promotes prolactin release, most powerful release of prolactin is suckling 
prolaction hypersecretion: amenorrhea, galactorrhea (excessive milk flow) and infertility, in men: libido and potency are reduced; galactorrhea occur sometimes 
 pubery can be delayed in boys and girls, causes: pituitary adenoma, hypothalamic injury and certain drugs (antipsychotic and estrogens)
suppressing prolactin release w dope agents: reduce excessive secretion of prolactin with cabergoline and cromocroptine
THYROTROPIN (TSH)
ADRENOCORTICOTROPIC HORMONE: polypeptide hormone
GONADOTROPINS: FSH AND LH; regulate gonadal function in both sexes (read above) ; hormones used to treat infertility in men and women 
ADH: vasopressin: nine-peptid hormone, acts on kidney, reabsorption of h2o (conserve) 
 defieciency = hypothalamic diabetes insipidus (dilute urine) and causes vasoconstriction
adh prep: vasopressin and desmopressin. Vasopressin identical to ADH structure, desmopressin is structural analog of ADH 
adverse effects: water intoxication: drowsiness, listlessness, headache; severe convulsions and terminal coma; once ADH therapy starts, reduce water intake 
 excessive vasoconstriction: vasopressin (not desmo) can reduce cardiac perfusion and cause severe adverse CV effes (angina pectoris and MI); can cause gangrene by decrease blood to periphery; can be life saving to ppl in cardiac arrest 
therapeutic uses: diabetes insipidus: desmopressin drug of choice b/c  long duration of action, easy to administer and lacks significant side effects (such as vasoconstriction); but it is expensive
 cardiac arrest: vasopressin enhances cardiopulmonary resuscitation, increase blood flow to heart and brain, improves neurologic outcome and increases the changes of successful resuscitation 
 desmopressin used for nocturnal enuresis (bedwetting) 

conviptan: ADH antagonist: short-term IV therapy for hyponatremia (low na+); blocks ADH receptors in kidney and promotes renal excretion of free water, leaves Na+ behind 
tolvaptan: ADH antagonist: oral alternative to conivaptan 

OXYTOCIN: stored in pituitary and produced in hypothalamus; promotes uterine contraction and stimulates milk ejection during breast-feeding 

DRUGS FOR ACROMEGALY:  somatostatin analogs: octreotide and lanreotide: most effective drugs to suppress GH release
 pegvisomant: GH receptor antagonist: most effective, treatment should continue indefinitely, ranging from 50,000 to 100,000 a year 

DRUGS RELATED TO HYPOTHALAMIC FUNCTION: only 3 (GnRH, CRH, Somatropin) have clinical applications; GnRH: sunthetic analogs used to treat prostate cancer and endometriosis, induces ovulation
CRH: diagnose adrenal disorders; somato used for acromegaly 

Chapter 60: Drugs for Disorders of the Adrenal Cortex
 hormones of adrenal cortex affect lots of physiologic processes (maintainence of glucose availability, regulation of h2o/electrolyte balance, dvlpmnt of sexual characteristics, and life-preserving responses to stress) 
 adrenocortical dysfuntion cushing’s syndrome (excess) and addison’s disease (adrenal hormone deficiency) 
 medulla: secretes NE/E and dopamine; mediates fight-flight response

PHYSIOLOGY OF ADRENOCORTICOL HORMONES
 3 steroid hormones: glucocorticoids (influence carb metabolism), mineralocorticoids(modulate salt/wter balance), androgens(expression of sex characteristics) 

Glucocorticoids: increase availability of glucose (cortisol is the most important); 
 physio effects occur @ low lvls of glucocorticoids (lvls produced by release of these)
 pharm effects occur @ high lvls (unrelated to adrenocortical function-allergic reactions, asthma, inflammation) 
physiologic effects
 carbohydrate metabolism: supply brain with glucosestimulate gluconeogenesis, reduction of peripheral glucose utilization, inhibition of glucose uptake by muscle/adipose, promotion of glucose storage (as glycogen) 
 protein metabolism: glucocorticoids promote protein catabolism; provides a.a for glucose synthesis (prolong time  muscle wasting and thinning of skin) 
 Fat metabolism: promotes lipolysis, high lvls for long time  fat distribution occurs (potbelly, moon face and buffalo hump on back) 
 CV system: when lvls are depressed, capillary permeability is increased, ability for vessels to constrict is reduced and BP falls 
 skeletal muscle: support muscle function; low lvls of gluco work capacity decreases
 CNS: affect mood, CNS excitability. Insufficiency  depression, lethargy and irritability
- rarely, psychosis occurs;  excess generalized excitation and eupohora 
 Stress: response to stress  increae gluco, medulla secretes epinephrine. Gluc and E work together to maintin BP and BG content
- if lvls of gluc are inadequate hypotension and hypoglycema occurs; if stress extreme  gluc deficiency result and death occurs too. (give gluco supplements when severe stress occurs)
 respiratory system in neonates:  during labour and delivery, adrenals of fetus release burst of gluco preterm infants experience respiratory distress syndrome 
regulation of synthesis and secretion: hypothalamic-pituitary-adrenal axis
 CRH release from hypo, ACTH release from pit., adrenal cortex release cortisol cortisol promotes biologic effects and acts on hypo/pit to inhibit release of CRH/ACTH 
 hypo releases at basal level or levels of stress 

Mineralocorticoids: influence renal processing of Na+, K+ and hydrogen; direct affect on heart and blood vessels; aldosertone = most important 
Physio effects of aldosterone
 renal actions: promotes Na+/K+ hemostatis (balance), maintains intravascular volume 
- promotes Na+ reabsorption in exchange for K+ out. 
- Insufficiency  hyponatrema, hyperkalemia, acidosis, loss of intra/extracellular water; can lead to renal failure, circulatory collapse and death
 CV actions of ald: high lvls of aldostersteron  CV effects are harmful, increase <3 failure + hypertension
 ctrl of secretion: renin-angiotensin-aldosterone system
 adrenal androgens: in males, influence of adrenal androgens is overshadowed by effects of testosterone produced by tests
 in females, andrenal androgens contribute to dvlpmnt of sexual hair and maintenance of nrml libido
 excessive adrenal androgens  virilization can result

PATHOPHYSIO OF ADRENOCORTICAL HORMONES
Adrenal hormone excess
-Cushing syndrome  causes: excess lvls of circulating gluco. Causes: hypersecretion of ACTH by pituitary adenomas, hypersecretion of gluc by adrenal adenomas and carcinomas, administering glucocorticoids in large doses used to treat arthritis and other nonendocrine disorders
 clinical presentation: cushing’s characterized by obesity, hyperglycemia, glycosuria, hypertension, fluid/electrolyte disturbances, osteoporosis, muscle weakness, myopathy, hirsutism, menstrual irregularities, decreased resistance to infection 
 skin is weakened, striae, increased susceptibility to injury; fat redistributes to face, upper back and potbelly, moon face buffalo hump
 treatment: surgical removal of the adrenals or part of pituitary or radiation
- ketoconazole can be used to suppress synthesis of adrenal steroids 

-Primary hyperaldosteronism: clinical presentation, causes and treatment
 excessive secretion of aldosterone causes hypokalemia, metabolic alkalosis and hypertension, can increase risk of heart failure
 muscle weakness and changes in electrocardiogram dvlp secondary to hypokalemia
 caused by aldosterone-producing adrenal adenoma. Treatment= directed at cause 
- Adrenal hormone insufficiency

General therapeutic considerations: adrenal hormone insuff. Result from lots of causes (removal of adrenals, inborn deficiencies of enzymes required for corticosteroid synthesis, carcinoma, infection, autoimmune disease and reduced secretion of ACTH and CRH) 
 requires life long replacement therapy with gluco/sometimes mineralocorticoid
 @ times of stress  increase gluco dosage, failure to increase  fatal 

- addison’s disease (primary adrenocortilca insufficiency) 
 causes: adrenal glands dmged, cannot make corticosteroids, caused by autoimmune destruct. Of adrenal tissue; or caused by tuberculosis and other infections (other causes: adrenal hammorhage, cancers and drugs – ketoconazole, rifampin) 
 clinical presentation: weakness, emaciation, hypoglycemia, increased pigment of skin/mucousmembranes, hyperkalemia/hyponatremia and hypotension (some psychiatric symp)
 treatment: replacement therapy w/ adrenocorticoids 

acute adrenal insuff.  clinical presentation: hypotension, dehydration, weakness, lethargy and GI symptoms; if untreated progresses to shock then death 
 causes:  brought on by adrenal/ pituitary failure or failure to provide replace. Therapy. 
 treatment: rapid replacement fluid, salt, glucocorticoids and gluose 

congential adrenal hyperplasia  causes and clinical presentation: inborn deficiency of enzymes needed for gluc synthesis. High lvls of ACTH rectifies this but synthesis of adrenal androgens= lots 
-  girls: increase androgen  masculinization of external genitalia, boys: penile enlargement 
 treatment: lifelong admin of gluco; secretion of ACTH is supresed and stops making lots of androgens

AGENTS FOR REPLACEMENT THERAPY IN ADRENOCORTICOL INSUFFICIENCY
Hydrocortisone, cortisone, prednisone and dexamethasone: hydrocortisone: synthetic steroid, structure identical to cortisol; has mineralocorticoid actions too; cortison= prodrug and converts to hydro, prednisone and dexa are synthetic analoges of greater potency
 nonendocrine applications: hydro used to treat nonendocrine disorders (allergy to inflammation to cancer); doses required are higher than replacement therapy. 
 adverse effects: large doses: gluc are highly toxic (adrenal suppress, cushing’s syndrome)
Fludrocortisone: potent mineralocorticoid, some glucocorticoid activity; drug used for chronic mineral corticoid replacement 
  therapeutic uses: addison’s and primary hypoalderosteronism
 adverse: dose too high  too much salt/h2o retained, K+ lost, hypertension, edema, hypokalemia

AGENTS FOR DIAGNOSTIC TESTING OF ADRENO CORTICOL FUNCTION
Overnight dexamethasone suppression test: (DST) 
 used for diagnose of cushing’s. usually dexa acts on the pituitary to suppress release of ACTH, reducing adrenal cortisol synthesis/release
[bookmark: _GoBack] in cushing’s, little/no suppression of cortisol production occurs 
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