IIA. Endocrine Pharmacology
Unit Chairman -- Dr. Richard H. Alper
Chapters in Katzung: 37 - 42
Chapter 3 (Mosby)
I. Hypothalamic and Pituitary Hormones 
A. Introduction 
1. Know structural features of the hormones that impact their pharmacokinetics 

· peptide 
insulin

receptors G protein and ion channels membrane bound

internalization of ligand receptor complex, adsorptive endocytosis (insulin, TSH , NGF)
· steroid – lipid sol so BBB can be crossed
estrogens,, andogens, progestins, mineralcorticoids, Vit D plus metab.  Al derived from cholesterol with 6 tissue spec P450s in sythesis

estrogens, progestins, mineralcorticoids, and glucocorticoids in the ovaries, testes, adrenal cortex

prohormone Vit D3 skin, liver, kidney

Catabolism oxidative in liver.  Sulfation or glucuronidation, inc water solubility and urinary excretion

Transcriptional activation cytosolic or nuclear

· amine 
dopamine, thyroid hormones
2. Know the differences between regulation of the release of anterior vs. posterior pituitary hormones 

Hypothalamus>Anterior pituitary>Target Organ hormones

Common theme is feedback inhibition from target organ hormone to both ant pit and hypothal

TRH>TSH>T3, T4

CRH>ACTH>glucocorticoids, mineralcorticoids, androgens

GnRH, LHRH>FSH, LH>estrogen, progesterone, testosterone

GHRH+/Somatostatin->GH>IGF, somatomedins (liver)

Dopamine>prolactin>(breast)

With the Posterior Pituitary hormones they are manufactured in hypothalamus and then sent to PP for storage and release to circulation:  Oxytocin and vasopressin

3. Know the uses of the hormones and their analogs  

· replacement therapy for hormone deficiency 
· therapeutics to elicit effects not associated with physiologic blood levels 
· diagnostic tools to assess hypo- or hyperfunctional endocrine states. 
4. Know the major disease states associated with dysfunction of the secretion of the hormones
5. Know the toxicities associated with exogenous administration of the hormones
B. Hormones of the Neuroendocrine Hypothalamus and Anterior Pituitary Gland
Primary Hypothalamic, Anterior Pituitary and Target Gland Hormones
HYPOTHALAMIC
<DIV ALIGN=CENTER>
PITUITARY
TARGET ORGAN
TARGET ORGAN HORMONE

GHRH (+)
somatostatin (-)
GH (+)
liver
somatomedins

CRH (+)
ACTH (+)
adrenal cortex
glucocorticoids
mineralocorticoids
androgens

TRH (+)
TSH (+)
thyroid
T3
T4

GnRH/LHRH (+)
FSH (+)
LH (+)
gonads
estrogen
progesterone
testosterone

dopamine (-)
prolactin (+)
lymphocytes
breast
lymphokines

</DIV>
(+) = stimulator; (-) = inhibitor
1. GHRH (Growth Hormone-Releasing Hormone, also known as sermorelin) – stim rel of GH from pituitary.  Infusions can be used to evaluate short kiddos with subnormal GH responses to conventional  stimuli such as insulin-induced hypoglycemia, oral levodopa, IV arginine.  Normal response suggests GH deficiency due to hypothalmic dysfunction.  A rise in GH demonstrates ability of somatotroph to produce GH and favorable response to GHRH therapy which is cheaper than GH.

· know the pharmacodynamics, uses and adverse effects agents related to the GHRH system 
GHRH
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somatostatin (growth hormone-inhibiting hormone)-606K

inhibit GH release in norm individuals 

octeotride (somatostatin analog) – 

45X more potent than somatostatin decrease GH release.  Acromegaly, thyrotropin sec pit adenomas, carc tumors w/o provoking hyperglcemia.  Nausea, cramps, flatulence, steatorrhea, gallstones, decrease in glucose tolerance

GH (somatotropin) – 

Initial insulin-like effect.  Later antag insulin.  Dec glucose uptake, inc lipolysis.  Induce growth>IGFs.  Production of growth in short bambinos.  Adults is inc lean body mass increase, dec fat, increase exercise tolerance.  Adv effects arthralgias, fluid retention.  Positive nitrogen balance to offset wasting.

</DIV>
2. CRH (Corticotropin-Releasing Hormone) stim release ACTH and beta-endorphin from pituitary.

· know the pharmacodynamics, uses and adverse effects of: 
- CRH Only for diag purposes.  Distinguish Cushings DISEASE from ectopic ACTH secretion.  CRH elicits inc in ACTH in Cushings Disease not syndrome.  Facial flushing and dyspnea.
- ACTH (adrenocorticotropic hormone)- peptide that stim release of cortisol in adrenal cortex.  Used to assess adrenocortical reponse.  Substandard response= insufficiency of adrenocortical.  Inc activity of cholesterol esterase, cholesterol>pregnenolone, stim adrenal hyperplasia and hypertrophy.  Increases skin pigmentation.  No therapeutic adv over direct glucocorticoids.  Inc cAMP at adrenal cortex.
3. TRH (Thyroid-Releasing Hormone; protirelin) 

· know the pharmacodynamics, uses and adverse effects of: 
- TRH or protirelin.   3 AA.  Rarely used clinically.  Causes pit to secrete TSH.  In primary hypothyroidism, TSH level high and TSH goes up with TRH stim.  In secondary (pituitary) hypothyroidism.  Serum thyrotropin levels low and TSH fails to rise after TRH  admin.  Pituitary tumors may dump GH or ACTH in response to TRH: acromegaly or Cushings disease..
· TSH (thyroid stimulating hormone) or thyrotropin is an ant pit hormone that acts at thyroid to produce T3 and T4.  

· 2 peptides, containing carbohydrate side chains

used as diagnostic to stimulate radioactive iodine uptake in metastatic thyroid carcinoma (experimental)
4. GnRH (Gonadotropin-Releasing Hormone; LHRH, Luteinizing Hormone-Releasing Hormone) 

· know the pharmacodynamics, uses and adverse effects of: 
· GnRH (and its analogues) 

· GnRH (pulsatile) stimulates pituitary function and is used to treat infertility caused by hypogonadotropic hypogonadism in both sexes

· analogs such as leuprolide and goserelin suppress the pituitary for treatment of prostate cancer, estrogen-dependent breast cancer, endometriosis, polycystic ovary syndrome, in vitro fertilization to suppress normal preovulatory LH surge, and precocious puberty in children

· adverse effects of long-lasting agonists include hot flushes, vaginal dryness and atrophy, negative Ca2+ balance and lose of bone, thus treatment is limited to 6 months
· understand the pharmacodynamic differences between pulsatile and continuous exposure to GnRH
GnRH Analogues
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leuprolide

goserelin

</DIV>
FSH (follicle stimulating hormone) 
LH (luteinizing hormone)

· LH and FSH (pituitary hormones)
· receptors are membrane-bound Gs coupled and increase cAMP levels and protein kinase A activity

Male
Female

LH
testosterone
induce ovulation and stimulate progesterone synthesis

FSH
spermatogenesis
stimulate estrogen synthesis and promote follicular growth and development

· human chorionic gonadotropin (hCG; a placental hormone) 
Human chorionic gonadotropin (hCG)

· a placental hormone derived from urine of pregnant women

· binds to LH receptor and has longer T1/2 then LH

· uses

· to treat infertility in women with LH deficiency subsequent to hMG to induce ovulation (for in vivo fertilization, insemination must occur within 48 hr whereas for in vitro fertilization mature eggs must be retrieved within 34 hr)

· to treat infertility in hypogonadotropic men (lack of or deficiency in GnRH) prior to hMG to stimulate testosterone production

· to treat cryptorchidism in boys without anatomical obstruction; should be only as long as necessary to achieve descent of the testes because it can cause precocious puberty

NOTE: Human chorionic gonadotropin has no known effects on appetite, or on mobilization or distribution of body fat, contrary to some beliefs

Menotropins (human menopausal gonadotropins; hMG)

· obtained from urine of postmenopausal women containing both FSH and LH in approximately equal amounts

· used to suppress endogenous gonadotropin secretion prior to induction of ovulation by hCG

· clearest indication is for pituitary or hypothalamic hypogonadism with infertility in both men and women

· can induce hyperstimulation of ovaries and multiple births (12-30% frequency)

· no apparent effect on congenital abnormalities

· in males it is initiated ~10 weeks after hCG to stimulate FSH-dependent spermatogenesis
5. Dopamine (PIF, Prolactin Inhibitory Factor)- causes decrease in prolactin and shrinks prolactin secreting tumors 

· endogenous biogenic amine (catecholamine) NOT used clinically to inhibit prolactin secretion 
· know the pharmacodynamics, uses and adverse effects of: 
· bromocriptine is a dopamine agonist.  In normal patients and acromegalics – in acromegalics it causes a paradoxical reduction in GH but stimulates in normal individuals, like L-DOPA.  

· It is used to decrease hyperprolactinemia in prolactin sec adenoma.  Also amenorrhea-galactorrhea, lactation supression, acromegaly, Parkinsons.  Nausea, lightheadedness, hypotension, fatigue.
· contraindications: should not be used in women known to be pregnant 
C. Hormones of the Posterior Pituitary Gland
1. Vasopressin (AVP, antidiuretic hormone, ADH) is antidiuretic and vasopressor

· know the pharmacodynamics, uses and adverse effects of: 
- vasopressin (AVP) interacts with 2 type of receptors smooth muscle and cause vasoconstriction.  Also, renal tubules mediate antidiuresis collecting tubules.  AVP is used for transient diabetes insipidus.
· desmopressin (DDAVP)- preferred treatment with central diabetes insipidus.  Also used for coagulpathy in Hemophilia A and von Willebrands.  

· Headache, nausea, cramps, agitation, and allergic reactions.  Overdose can give hyponatremia.
· contraindications: use AVP with extreme caution in patients with coronary artery disease 
2. Oxytocin 

· know the pharmacodynamics, uses and adverse effects (rare) of: 
- oxytocin peptide hormoe elicits milk ejection in lactating women.  Induce uterine contractions, maintain labor.  Alters transmembrane currents in myometiral smooth muscle sustained uterine contraction.  Weak antidiuretic and pressor.  Infusion near labor produce uterine contractions dec fetal blood supply.  Can control postpartum hemorrhage.   Rare are hypertenise episodes, water intox, fetal death.
· contraindications: fetal distress, prematurity, abnormal fetal presentation, cephalopelvic disproportion; should not be used in conjunction with sympathomimetics 
II. Thyroid and Antithyroid Drugs 
A. Physiology 
· know the physiological effects of: 
- triiodothyronine (T3) 3X more potent than T4
- thyroxine (T4) 

· thyroid hormones enter cells, T3 enters nucleus and activates a nuclear receptor to stimulate protein synthesis

· effects of thyroid hormones include:

· normal growth and development of nervous, skeletal and reproductive tissues

· pervasive influence on metabolism of drugs, carbohydrates, fats, proteins and vitamins

· modulation of catecholamine-mediated responses

· know the symptoms associated with both hyperthyroidism (thyrotoxicosis) and hypothyroidism (see table 38-4 in the 7th edition of Katzung) 
Frequent Symptoms of Hyperthyroidism

nervousness
heat insensitivity

sweating
weight loss

tachycardia
palpations

muscle weakness
moist skin

increased appetite
sleepless

tremor
goiter

bruit over thyroid
diarrhea

· know the features of the thyroid hormone synthesis and release that are targets of antithyroid drugs 
synthesis of thyroid hormones

· transport of I- into thyroid ("iodide trapping"; inhibited by anions)
· oxidized to iodine by thyroidal peroxidase (inhibited by high levels of iodide and thioamides)
· iodinates tyrosine residues within thyroglobulin to form monoiodotyrosine (MIT) and diiodotyrosine (DIT) ("iodide organification")

· 2 molecules of DIT combine to form T4, 1 DIT and 1 MIT combine to form T3- Mnemonic “1+2=3 2+2=4”
· hormones, MIT and DIT are  released by exocytosis and proteolysis of thyroglobulin (blocked by high levels of iodide)

· stored and released in ratio of 5 T4:1 T3
· most T3 (which is 3-4 times more potent than T4) is formed by peripheral deiodination (inhibited by ipodate, -adrenoceptor antagonists and corticosteroids)
· understand regulation of and tests to assess thyroid function 
B. Pharmacology of Thyroid Drugs
Thyroid Agents
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levothyroxine (T4)

liothyronine (T3)

</DIV>be able to contrast the pharmacokinetics and uses of: 
- levothyroxine (T4) is the prep of choice for thyroid replacement K625.  Stable, low $, 7 day is 1/2 life, T4 is converterd to T3 intercellularly.
- liothyronine (T3) 3-4X more active not rec for routine replacement w shroter half life 24 hrs, hi $, difficulty of monitoring, greater cardiotoxicity, 
· know that the adverse effects are predictable based on the physiology of thyroid hormones 
· know the complications associated with hypothyroidism 
Hypothyroidism

· non-toxic goiter 

· enlargement of thyroid without excessive thyroid hormone production

· world-wide most common cause is iodide deficiency (iodized salt)

· in U.S. most commonly Hashimoto's thyroiditis

· treat Hashimoto's thyroiditis with adequate thyroxine to suppress pituitary TSH thus allow regression of the goiter

· myxedema coma is end state of untreated hypothyroidism

· symptoms include progressive weakness, stupor, hypothermia, hypoventilation, hypoglycemia, hyponatremia and eventually shock and death

treatment is emergency and should include intravenous administration of fluids (cautiously) and loading doses of levothyroxine (have large pools of TBG without hormone in blood)
5. Pharmacology of Antithyroid Drugs 

· know the 3 primary mechanisms: 
- decrease production of thyroid hormones ("goitrogens") (T3(T4(TSH(gland size
- decrease tissue responses to thyroid hormones
- destroy thyroid gland (surgery or radiation)
A. Thioamides

</DIV>know the pharmacodynamics and adverse effects of the thioamides

· pharmacodynamics and adverse effects of the thioamides

· act by multiple mechanisms

· primarily block iodine organification--what the heck is this you ask?….prevents the iodination of tyrosine residues within thyroglobulin to form monoiodotyrosine (MIT) and diiodotyrosine (DIT) ("iodide organification")

· do not block iodide uptake by thyroid or release of hormone from thyroid

· cross placental barrier – use with caution in pregnancy (PTU more tightly protein-bound therefore may be safer)

· adverse effects include agranulocytosis, goiter, pruritic papular rash (treated with anti-histamines)

most commonly used class of antithyroid agents
Thioamides
PRIVATE


propylthiouracil (PTU)- in addition to preventing PRIMARY organification/hormone synthesis it also is 3X more powerful the methimazole in preventing T4>T3 conv in periphery SECONDARY

Methimazole- inh iodine organification and prev T4>T3 conv in periphery

B. Radioactive Iodide 

· know the pharmacodynamics of radioactive iodide (sodium 131I) - treatment of thyrotoxicosis – rapidly absorbed, conc by thyroid, incorporated into storage follicles.  Therapuetic effect emmission of beta-rays w/effective half-life of 5 days.  Easy admin, effective.  Radiation fears have restricted use to over 40 YO. 
· contraindications: pregnancy – placenta crossed and milk excreted
Radioactive Iodine (sodium 131I)

concentrated in thyroid gland to cause subtotal destruction of parenchyma by emission of rays
C. Iodides 

· rarely used as sole therapy ("escape" from iodide block) – what is this you ask?  Well, 2-8 weeks after use the gland will escape from the block induced by its use and precipiate a severe thyrotoxicosis in an iodine enriched gland. 
· know the pharmacodynamics, use and adverse effects of iodides – organification, release, and decrease size and vascularity.  Can induce hyperthyroidism or precipitate hypothyroidism. Rapid imporvement w/in 2-7 days. K627  Also can cross placenta induce goiter in baby.
· act primarily to inhibit organification and hormone release therefore are considered valuable in treatment of thyroid storm.  Valuable preop prep for surg due to shrinkage of hyperplastic gland.
· Acneform rash, swollen salivary glands, mucous membrance ulcerations, conjunctivitis, rhinnorrhea, drug fever, metallic taste, bleeding disorders, anaphylactoid reponse.  OVERHEAD
D. Anion Inhibitors 

· all are monovalent anions 
· know the pharmacodynamics of anion inhibitors and that they are used rarely (may cause aplastic anemia) 
major clinical use is blocking thyroidal uptake in iodide-induced hyperthyroidism by competitive inhibition at the gland
E. Adrenoceptor Antagonists – most symptoms mimic sympathetic stimulation so guanethidine, reserpine, or beta-blockers are useful adjuncts.  Propanolol is most used and studied.  K628  

· adjunct therapy, generally  adrenoceptor antagonists (propranolol), to block symptoms of hyperthyroidism

· appearance of sympathetic nervous system overactivity

· excessive sweating

· exophthalmos

· decreased peripheral vascular resistance

· increased heart rate, stroke volume, cardiac output and pulse pressure

anxiety, nervousness, tremors
F. Clinical Pharmacology of Thyroid and Antithyroid Drugs 

· know the pharmacological treatments for: 
· - myxedema myxedema coma is end state of untreated hypothyroidism

· symptoms include progressive weakness, stupor, hypothermia, hypoventilation, hypoglycemia, hyponatremia and eventually shock and death

treatment is emergency and should include intravenous administration of fluids (cautiously) and loading doses of levothyroxine (have large pools of TBG without hormone in blood)
- hypothyroidism and pregnancy – hypo women are relatively infertile.  Thyroxine needed to prevent fetal cretinism ? 
· Grave's Disease – most common.  Autoimmune.  Helper-Ts stim B-lymph to synth Abs to thyroidal Ags>  Activates TSH receptor>hyperthyroidism .  

· Antithyroid drug therapy
· Methimazole or PTU admin (1-15yrs) until undergoes spontaneous remission.  Again, for memorization repetition, these are the thioamides that inh organification and T4>T3 conversion
· Surgical thyroidectomy
· Destruction with radioactive iodine 
- thyroid storm – sudden acute exacerbation, hypermetabolism.  Fever, tachycardia, flushing, a-fib, high pulse pressure.  Death from heart failure and shock.  Propanolol (beta-blocker) is given IV.  Also methimazole (a thioamide, prevents organification and T4>T3 conversion) which decreases thyroactive material.  Supportive therapy for fever, heart failure, underlying disease process. 
- thyrotoxicosis during pregnancy – K632 subtotal thyroidectomy ideal PRIOR to preggers.  Radioiodine contraindicated, crosses placenta and injure fetal thyroid.  Propylthiouracil, a thioamide,  is recommended as it is more protein bound and crosses placenta less.  Recall the thioamides inhibit organification and T4>T3 conversion.
III. Adrenocorticosteroids and Adrenocortical Antagonists
A. Physiology of adrenocorticosteroids – secretion of these is controlled by ACTH/corticoptropin.

· know the steroid hormones released from adrenal cortex and their primary functions 
- glucocorticoids – intermediary metabolism
- mineralocorticoids – salt-retaining activity
· others – androgenic – mainly DHEA dehydroepiandrosterone and androstenedione (Mark McGwire)

· or estrogenic activity – both directly produced and conversion of androgens which is important in menopausal women
Adrenocorticosteroids
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cortisol (hydrocortisone)

Aldosterone

DHEA (dehydroepiandrosterone)

</DIV>know the primary functions of adrenocorticosteroids 

Glucocorticoids (cortisol, hydrocortisone)

· synthesized from cholesterol under the influence of ACTH at ZF

· approximately 75% of circulating hormone is bound to CBG (corticosteroid-binding globulin)

· CBG increased by estrogen and hyperthyroidism

· steroid hormones, activate intracellular receptors which regulate transcription of target genes

· widespread physiologic effects

· contribute to maintenance of glucose supply to the brain
· stimulate and are required for gluconeogenesis in fasted state and diabetes

· increase amino acid uptake by liver and kidneys

· increase glycogen deposition in liver

· increase glucose production from protein thereby stimulating insulin release

· inhibit glucose uptake by fat cells leading to lipolysis, but a net increase in fat deposition due to effects on insulin-induced lipogenesis

· increase Na+ retention (mineralocorticoid effect)

· hypertension and enhancement of vascular reactivity to other vasoactive substances

· pharmacologic doses lead to decreased muscle mass, weakness, osteoporosis and reduction of growth in children

· have dramatic anti-inflammatory and immunosuppressive effects

· actions of synthetic glucocorticoids are similar to cortisol but can have different ratios of glucocorticoid (anti-inflammaotry) to mineralocorticoid (salt retaining) responses (learn these differences)
Just an observation, but the “natural” sounding short-acting preps seem to have most combo activity and the weird synthetics (inter and long) seem to be pure glucocorticoid.
Commonly used glucocorticoids

Duration
Drug / Antiinflammatory : Salt-retaining activity

Short-to-Medium have both
hydrocortisone (cortisol) 1:1


Cortisone 0.8:0.8


Prednisone 4:0.3


Prednisolone 5:0.3

Intermediate lack mineralcorticoid
Triamcinolone 5:0

Long lack mineralcorticoid
Betamethasone 25-40:0

“Bananas and Dachshunds are long” 
Dexamethasone 30:0

- physiologic - direct and homeostatic (like insulin increase).  Permissive effects: response of vascular smooth muscle to catecholamines diminished w/o cortisol.  Lipolysis also dec w/o cortisol.  
- metabolic – req for gluconeogensis in fasted state.  Increase glycogen deposition in liver.  The insulin secreted in response to elev glucose causes a net fat deposit increase (woohoo!).  Muscle catabolism.  All aim for glucose to the BRAIN.
- catabolic - Basically they are like an anti-body building supplement: They make your muscles waste away, and your net fat stores grow by the indirect insulin release (like med school).  Direct effect is lipolysis but overcome by lipogenesis.  Osteoporosis in Cushing’s syndrome.  Reduce growth in kiddos even w/GH.
- anti-inflammatory and immunosuppressive-  dramatically affect leukocytes.  Neutophils inc, Lympocytes, monocytes, eosinophils, basophils all decrease in number.  Also inhibit tissue leukocytes and macrophages.  Macs are particulary affected abd it limits phagocytosis and IL, TNF, etc production.  Also dec COXII, LT, and PG.  All this accounts for immunosuppression.
· understand that the conversion of adrenal androgens to estrone constitute the major source of endogenous estrogen in post-menopausal women and in some women with abnormal ovarian function. 
B. Phamracodynamics of natural and synthetic glucocorticoids 

· understand the cellular mechanism by glucocorticoids exert their effects 
· are all synthetic glucocorticoids equal at glucocorticoid vs. mineralocorticoid receptors?   No, we already covered this inter and long acting synthetics do not: Triamcinolone, Betamethasone, Dexamethasone 
C. Uses of glucocorticoids for adrenal disorders 

· diagnosis and treatment of adrenal dysfunction 
· acute adrenal insufficiency

· can be life-threatening

· must use high doses which generally produce minor adverse effects; justifiable in a critically ill patient

· adrenal insufficiency

· congenital adrenal hyperplasia

· high levels of ACTH but low glucocorticoids due to mutation in P45021 ((90% of cases)

· adrenal hyperfunction

· as replacement therapy during and after surgical treatment of Cushing's syndrome ("Disease" if due to pituitary hypersecretion of ACTH; ~60% of endogenous syndrome in adults, ~35% in children)

- congenital adrenal hyperplasia – synth of cortisol screwed up P450c21 activity compensatory inc in ACTH.  Diversion to androgen pathway 17-hydroprogesterone. Hypertension is evident if 11-hydroxylation is goofy due to excess deoxycorticosterone.  Give hydrocorticosterone to cause suppression of ACTH and  avoid androgen excess, and allow bone formation, normal growth.

- Cushing's syndrome – bilateral adrenal hyperplasia secondary to pit adenoma, Cushings disease.   Buffalo hump, etc.  Remove the tumor and must give cortisol during and after.  

- aldosteronism – Excess aldosterone from adrenal adenoma.  Hypertension, polyuria, renal loss of of K+.  Can detect by giving deoxycorticosterone and sodium will not be retained and aldosterone will still be high.  Diagnostic. 

· diagnostic 
· dexamethasone suppression test – K642 keep giving dexamethasone, recall this is the fair dinkum long acting synthetic glucocorticoid(w/no mineralcorticoid activity).  To differentiate Cushings disease from steroid tumors of the adrenal cortex or ectopic ACTH syndrome.  Give this juice to a Cusing’s disease sufferer and a 50% drop in hormone levels will occur.    
Marked decrease in adrenal secretions in patients with Cushing's Disease, mild suppression in patients with other causes of syndrome.  So put that in your pipe and smoke it.
D. Uses of glucocorticoids for nonadrenal disorders (covered in detail in later sections of the course) – Okey-dokey, but recall from the little phys lesson that they decrease COX2, LT, PG, leukocytes, and functionality of macs.

· asthma 
· inflammation 
· immunosuppression 
E. Adverse effects of glucocorticoids 

· major adverse effects are directly related to their physiology 
Adverse effects of glucocorticoids

· for short periods (< 1 week), effects are not commonly serious even with moderately large doses

· can see behavioral changes and acute peptic ulcers shortly after treatment initiation

· major adverse effects are directly related to their physiology and limit the use of these drugs in chronic therapy

· fluid and electrolyte imbalance, hypertension, hyperglycemia with glycosuria, increased susceptibility to infection, weakness of proximal limb muscles, osteoporosis in people of all ages

· withdrawal of therapy

· iatrogenic adrenal insufficiency

· available in variety of formulations for specific needs reduces risks of adverse effects
- iatrogenic Cushing's syndrome

i. metabolic – reduce TSH and FSH

ii. peptic ulcers – excess acid and pepsin

iii. psychosis – EEG slowed alpha rhythm.  Convulsions in rats and behavior disturbances in humans

iv. electrolyte imbalance – recall the mineralcorticoid activity of some = salt-retaining

v. Adrenal suppression – feedback inhibition > yadda yadda yadda.  Ease them off the stuff since the adrenal will be atrophied.

· short periods (< 1 week) effects are not commonly serious even with moderately large doses 
· can see behavioral changes and acute peptic ulcers shortly after treatment initiation 
· know the contraindications and precautions 
· observe patients carefully for adverse effects 
F. Drugs (glucocorticoids) 

· know when ACTH might be used rather than adrenocortical steroids 
Commonly used glucocorticoids
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Short-to-Medium Duration
Hydrocortisone (cortisol)

 
Cortisone

 
Prednisone (metabolized to prednisolone)

 
Prednisolone

Intermediate Duration
Triamcinolone

Long Duration
Betamethasone

 
Dexamethasone

</DIV>understand why hydrocortisone and cortisone are most appropriate for adrenal insufficiency 
· understand the differences (pharmacologic) between hydrocortisone and cortisone and the others 
Alterations in the molecule increase half-life.  Adding hydroxyl group, methylation 2 or 16, unsaturation of A ring all increase ½ life.  OH also inhibits destruction.  

Not totally sure what Dr. A is after here, but maybe the gluco vs mineralcorticoid behavior?
· know appropriate preparation forms for the various uses of glucocorticoids 
INSUFFICIENCY

Addison disease-  20 mg cortisol given daily (oral? They all seem available oral…)

Acute adrenocortical insuff- IV cortisol hemisuccinate every 6-8 hrs then reduce for 5 day maintence.  Give a salt-retaining hormone like fludrocortisone when dose reduced to 50 mg/d.

HYPER

Congenital Adrenal Hyperplasia – see above, but hydrocortisone given 12 mg/m^2/d in 3 doses per day.  Salt losing patients also give mineralcorticoid like fludrocortisone .1 mg/d by mouth with added salt to maintain BP, plasma renin, electrolytes.

Cushings Syndrome – seconday to pit adenoma (Cushings Disease) or ectopic ACTH.  Have John Alley remove tumor but give 300mg sol hydrocortisone cont IV day of surg.  Dose reduced slowly then LT maintenance needed.
G. Physiology and Pharmacology of Mineralocoriticoids
Mineralocorticoids
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Aldosterone 

DOC (desoxycorticosterone) 

Fludrocortisone – most widely used

</DIV>know regulation of ACTH secretion 
· know the physiologic and pharmacologic effects of mineralocorticoids – K646 Aldo is syth in ZG of adrenal cortex.  ACTH moderately stim release for a few days.  Angiotensin also regs it.  
Promote reabs of Na+ at sweat glands, renal tubules, cell membranes.  
· know the adverse effects of mineralocorticoids Tumor secretion can lead to hypernatremia, hypo kalemia, alkalosis, hypertension, plasma volume increase.
H. Adrenal Androgens 

· DHEA (dehydroepiandrosterone) is currently under investigation to treat atherosclerosis and prolong life, but is currently used as a vitamin and food supplement

· the conversion of adrenal androgens to estrone constitute the major source of endogenous estrogen in post-menopausal women and in some women with abnormal ovarian function
· congenital adrenal hyperplasia (most frequently due to 21-hydroxylase deficiency) is characterized by defects in cortisol synthesis, thus increases in ACTH release leading to enhanced levels of adrenal androgens
I. Antagonists of Adrenocortical Agents 

"Inhibitors" of Adrenocortical Steroids

· mineralocorticoid antagonist
· spironolactone compete with aldosterone for binding sites.  50 mg/d.  Useful in diagnosis.  Also for treating hirsuitism in women. Also diuretic.  
· competitive inhibitor at mineralocorticoid receptors

· mild potassium-sparing diuretic
· synthesis inhibitor
·  metyrapone – interferes with cortisol and corticosterone sythesis leading to secretion of 11-deoxycortisol
· competitive inhibitor of 11-hydroxylase (P45011)

· diagnostic (Cushing's syndrome) 

· metyrapone – selectively inhibit 11-hydroxylation.  Increase 11-deoxycortisol.  

· blocks cortisol synthesis, reducing plasma levels
· if feedback is intact, ACTH levels increase thereby increasing levels in proximal intermediates (11-deoxycortisol and its metabolites)
· if patient has low cortisol and does not respond to metyrapone, suspect primary adrenocortical failure or secondary adrenal insufficiency
patients with Cushing's disease (i.e. Cushing's syndrome secondary to pituitary disease) will respond with an exaggerated 11-deoxycortisol response whereas patients with ectopic ACTH production as the etiology of the syndrome will not respond to metyrapone
understand its use as diagnostic agent – in testing adrenal function normally 2X increases in urinary 17-hydroxycorticoid excretion.  Normal response indicates it is not autonomous adenoma since secretion by such tumors produce suppression of ACTH and atrophy normal cortex.  So check for ACTH or 17-hydroxycortisols in the urine.
· Mitotane –  withdrawn caused adrenal atrophy

· Aminoglutethimide - reduction in all steroid by blocking cholesterol to pregnenolone conversion
· ketoconazole – antifungal nonslective inh of steroid syth – the “boob thing”
not commonly used 
· mineralocorticoid antagonists 
· know the uses and adverse effects of spironolactone 

This bad boy used in primary aldosteronism as it competes for binding sites, hirsuitism in women (big hit with East German athletes).  Adverse effects hyperkalemia, gyno, sedation, GI dist, rash.     
IV. The Gonadal Hormones and Inhibitors

A. Estrogens 
Estrogens
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Natural

Synthetic

Human
Other
 

estradiol (estradiol-17 )
conjugated estrogens (equine)
diethylstilbestrol (DES)

estrone (E1)
conjugated estrogens (plant)
 

Estriol (E2)
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understand the importance of protein binding and enterohepatic circulation of estradiol for its pharmacokinetics – binds strongly to SHBG.  Bound is relatively unavailable for diffusion into cells.  Estradiol is converted in the liver to estrone and estriol and excreted in the bile.  However, they can be converted to catechol neurotransmitters by COMT and serve in the CNS.  The big deal is the bile secreted estrogens are reabsorbed a great deal and oral admin yields high ratio hepatic to peripheral effects.  Increased clotting factors, plasma renin substrate.  

know the cellular mechanisms by which estradiol exerts its physiological effects – dissoc from SHBG and enter the cell and bind to receptor.  Primarily in nucleus.  Genomic effects due to proteins synth in response to RNA transcribed.  Some indirect effects mediated by cytokines in neighbor cells.  Rapid effects are direct like increased uterine blood flow and require no gene activation.

know the main physiologic effects of estrogens and how they affect their clinical use 

· most important feature of synthetic estrogens is increased oral effectiveness
· many phenols found in the environment such as TCDD (dioxin) and bisphenol A are suspected to have estrogenic activity ("environmental estrogens")
· most potent endogenous estrogen is estradiol

· formed from androstenedione or testosterone in 3 steps by aromatase (a member of the P450 family of enzymes)

· estradiol in ovaries

· estrone in males and post-menopausal women in adipose tissue from DHEA (dehydroepiandrosterone) secreted by the adrenal cortex

· bound to sex hormone-binding globulin

· extremely lipophilic

· estrogens exert most of their physiological effects via intracellular nuclear receptors and regulate gene expression

· major physiologic effects of estrogens

· development ( female maturation

· preparation of uterus for implantation if the ovum is fertilized

· endometrial effects; hyperplasia and abnormal bleeding patterns with prolonged exposure and regular periodic bleeding and shedding of the endometrial lining when properly coordinated with the production of progesterone

· control of menstrual cycle due to both positive and negative feedback mechanisms at the hypothalamus and anterior pituitary

· metabolic effects such as maintenance of normal structure of skin and vasculature, decrease rate of bone reabsorption by antagonizing the effects of PTH, and regulate production of a variety of other proteins (CBG, TBG, SHBG, angiotensinogen)

· increase HDL and decrease LDL; a beneficial ratio for risk of cardiovascular disease

· enhance coagulability of blood

· clinical uses

· contraception

· replacement therapy (dose is substantially smaller than that used in oral contraceptives when potencies of the various compounds are considered)

· primary hypogonadism

· in combination with progesterone to suppress ovulation or ovarian function

· stop excessive uterine bleeding due to endometrial hyperplasia

· adverse effects of estrogens

· estrogens come in a wide range of doses, the adverse effects can be markedly reduced or eliminated by using the lowest effect dose or when administered in conjunction with a progestin (limits endometrial hyperplasia in HRT)

· post-menopausal bleeding

· adenocarcinoma of the vagina in young women with DES (not to be used during pregnancy)

· contraindications to estrogens
· estrogen-dependent carcinomas or people with high risk for carcinoma of the breast
· known or suspected estrogen-dependent neoplasia
· undiagnosed abnormal genital bleeding
· active thrombophlebitis or thromboembolic disease

· known or suspected pregnancy

- female maturation – develop vagina, uterus, tubes and secondary characteristics.   
- endometrial effects- proliferates
- metabolic effects- maintain skin, blood vessels, decrease bone reabs.  INCREASES TBG, SHBG in the liver. For review, as TBG goes up >total T4 / total T3 would be raised> but the FREE hormones would not be changed.  

- effects on blood coagulation- enhance coagulability of blood.  Increase Factors  2,7,9,10 Decrease AT3, decreased platelet adhesiveness

· understand the clinical uses (contraceptive uses discussed later) 
- replacement therapy 
i. primary hypogonadism – 11-13 years of age 5-10 micrograms days 1-21.  Stim optimal growth, sexual characteristics, menses

ii. postmenopausal hormone replacement therapy (HRT)- HDL, osteoporosis, etc

· - others 
i. in combination with progesterone to suppress ovulation or ovarian function

ii. stop excessive uterine bleeding due to endometrial hyperplasia

· know the adverse effects and how they can be reduced or eliminated 
· - postmenopausal bleeding – admin progestational agent w/estrogen each cycle
- nausea, breast tenderness, hyperpigmentation, migraine, hypertension – smallest dose
- cancer – don’t use PES  except for cancer or morning after-daughters at risk for vaginal cancer
· know the contraindications – estrogen dependent neoplasm, high risk carcinoma of breast, thromboembolism, liver disease
B. The Progestins 

· the primary natural hormone is progesterone 
- is also important as precursor for other hormones 
- understand lack of oral efficacy – completely metabolized in one-pass through liver so not effective
· many synthetic progestins 
· "third generation" progestins (e.g., norgestimate) have lower androgenic activity 

· antagonize aldosterone sodium retention  and slight androgenic or estrogenic effects 
· know that the progestins exert their physiologic effects through activation of gene transcription, similar to other steroid hormones – bind receptors between nucleus and cytoplasmic domains.  In contrast to estrogen can form heterodimers as well as homodimers, that is the progesterone-receptor complex..
· know the main physiologic effects the progestins and how they affect their clinical use 
- stimulate lipoprotein lipase – favors fat deposition
- increase basal insulin levels and insulin response to glucose 
- promote glycogen storage in liver

- promote ketogenesis 

- increase body temperature by unknown effect hypothalamus suggested

Progestins
<DIV ALIGN=CENTER>
 

Progesterone and derivatives
19-Nortestosterone derivatives**

Progesterone
norethindrone

Medroxyprogesterone (MPA?)
l-norgestrel

megestrol acetate*
norgestimate

</DIV>
* used in treatment of advanced breast and endometrial cancer
** "third generation" progestin with minimal androgenic activity – avoid the East German athlete syndrome
· know the major therapeutic uses of the progestins
- hormone replacement therapy and hormonal contraception (most frequent use!!) 
- ovarian suppression – dysmenorrhea, endometriosis, bleeding where estrogens are contraindicated. 
- metastatic endometrial, renal and breast carcinomas
C. Hormonal Contraception 

· know the 3 major types of preparations available (combination, progestin-only and post-coital) 
· understand the physiologic and pharmacologic differences between the combination agents and the progestins alone 
·  combo of estrogens and progestins exert their contraceptive effect largely selective inhibition of pituiatry function that results in inhibition of ovulation.  
· Continuous use of progestins alone does not always inhibit ovulation.
· combination contraceptives act mainly through inhibition of pituitary hormone-induced ovulation, but also induce changes in cervical mucus, uterine endometrium and in the motility and secretion in the uterine tubes all of which are unfavorable to conception and implantation (97-98% use efficacy; 99.9% theoretical efficacy)

· each formulation has varying degree of androgenic, estrogenic and antiestrogenic activities

· estrogen component in combination OC is most frequently ethinyl estradiol or mestranol
· the progestins are most frequently the "19-nor" compounds

· monophasic, biphasic and triphasic preparations for combined formulations

· monophasic -- same amounts of estrogen and progestin every day for 21 days followed most commonly by 7 days of inert placebo

· bi- and triphasic -- 2 or 3 different pills containing varying amounts of active ingredient (most frequently the progestin) reducing total amount of steroid administered and more closely matching the physiology of the menstrual cycle

· progestin-only contraceptives ("minipill") do not always prevent ovulation (70-80% reduction), produce a high incidence of abnormal bleeding, and are slightly less efficacious than combined contraceptives (96% to 97.5% as compared to 99% with combined)

· produce thickening of cervical mucus to decrease sperm penetration, endometrial alterations that impair implantation and slow the frequency of the GnRH pulse generator thereby blunting LH surge and reducing frequency of ovulation

· slow release from sub-dermal site for up to 5 years duration (norgestrel, Norplant() and for intramuscular, 3 month duration (MPA)

· post-coital contraceptives are available that when initiated within about 72 hours of coitus are 90-98% effective

· are generally slightly higher doses of same agents in combination OC (ethinyl estradiol + l-norgestrel)

· levonorgestrel (plan B() is first progestin-only post-coital contraceptive; most effective if treatment occurs within 24 hr after intercourse; 0.75 mg levonorgestrel followed 12 hr later by second dose

· frequent occurrence of headache, dizziness, breast tenderness, leg and abdominal cramps, and nausea and vomiting; frequency is reportedly much lower in women following plan B(
· understand the importance of the current use of low-dose estrogen as compared to earlier oral contraceptive preparations 
· Todays lower doses = future adverse effects.  A fraction of the days of yore.
· "modern" or "low-dose" (35 g or less) preparations pose minimal health risks in women with no predisposing risk factors as compared to the older, "high-dose" preparations (50-100 g or more)

· cardiovascular

· for non-smokers without other risk factors there is no significant increase in risk in myocardial infarction or stroke

· in women over 35 who smoke, there is an increased risk factor for myocardial infarction

· effects on plasma lipids and hypertension reported with high-dose preparations are rarely seen with current formulations and are reversible upon discontinuation

· cancer

· no widespread association between oral contraception and cancer

· 50% decrease in incidence of endometrial cancer, which lasts for 15 years after discontinuation

· also decrease incidence of ovarian cancer

· incidence of breast cancer is not increased for most women using oral contraceptives between the ages of 20 to 45; unclear about women starting before the age of 20 or have 5 years of use before full-term pregnancy

· metabolic and endocrine

· 2-3 fold increase in incidence of gallbladder disease

· increase synthesis of serum proteins

· nausea, edema, mild headache, severe migraine headache, breakthrough bleeding, weight gain, acne, and hirsutism

· recognize that there are many preparations available 
· which component generally varies in the sequential preparations? 

· bi- and triphasic -- 2 or 3 different pills containing varying amounts of active ingredient (most frequently the progestin) reducing total amount of steroid administered and more closely matching the physiology of the menstrual cycle
· know the adverse effects 
- mild

i. frequent and generally transient

ii. often eliminated by using different formulation

- moderate

i. may require discontinuation

ii. include breakthrough bleeding, weight gain, acne (associated with combination pills formulated with progestin with androgenic activity), hirsutism, resilient vaginal infections, and amenorrhea following discontinuation

- severe

i. incidence has markedly decreased as the dose of estrogen in oral contraceptives has been reduced
ii. vascular disorders, myocardial infarction, cerebrovascular disease, depression

· understand the controversy regarding oral contraceptives and cancer 
- appear to decrease the incidence of endometrial and ovarian carcinomas 
- concern regarding breast cancer but risk is decreased when preparations contain less than 50 g of estrogen
· know the contraindications for oral contraceptives 
· absolute contraindications are same as estrogen alone plus heavy smokers over 35 years of age
relative contraindications include migraine, hypertension, diabetes, gallbladder disease, and others
· know the advantages and disadvantages of contraception with progestins alone – do not always prevent ovulation.  Implants can provide long suppression of ovulation.
D. Selective Estrogen Receptor Modulators (SERM)
compounds that produces estrogen-like activity in one or more desired tissues (bone or liver, as examples) together with estrogen antagonist or minimal agonist activity in breast or uterus 
Selective Estrogen Receptor Modulators
<DIV ALIGN=CENTER>
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Tamoxifen – competitive partial agonist inhibitor of estradiol at the estrogen receptor.  Nonsteroidal.  Excreted by liver.  Hot flashes, vomiting.  Prevent osteoporosis and atherosclerosis.  Stim endometrium inc cancer risk.

Raloxifene – similar to tamoxifen + effects but doesn’t stim endometrium.

</DIV>know the indications for tamoxifen 
· antineoplastic agent most often used as an adjunct to breast surgery in the treatment of breast cancer

· antineoplastic agent most often used as an adjunct to breast surgery in the treatment of breast cancer

· under investigation for the treatment of postmenopausal osteoporosis can produce hot flashes consistent with ER agonist activity-recall small group discussion … @hypothalamus

· know the indications for raloxifene 
· treatment and prevention of osteoporosis in postmenopausal women 

· treatment of postmenopausal women at risk for developing osteoporosis and for the treatment of osteoporosis in postmenopausal women

· may have less agonist activity then tamoxifen at ER in uterus

· does not eliminate or produce hot flashes

E. Progesterone Antagonist 

· know the use of mifepristone (RU 486)  
· is it selective for progesterone receptors? Yes, but also binds glucocorticoid rec
· mifepristone (RU 486) – binds strongly to progesterone receptor and inhibit activity
· partial agonist (in absence of progesterone) and glucocorticoid antagonist (increases ACTH and adrenal steroids)

· orally active- used to produce medical abortion in first trimester when followed 48 hr later by administration of prostaglandin
F. Ovulation-inducing agents
Ovulation-inducing agents
<DIV ALIGN=CENTER>
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hCG - women with LH deficiency subsequent to hMG to induce ovulation 

 prior to hMG to stimulate testosterone production hypogonadotropic men

hMG (menotropins) suppress endogenous gonadotropin secretion prior to induction of ovulation by hCG 

 in males it is initiated ~10 weeks after hCG to stimulate FSH-dependent spermatogenesis

Clomiphene – for the wahinis partial estrogen agonist.  Blocks inh effect estrogens on hypothalamus>increases gonadotropins.  Stim ovulation.  Hot flashes, vision, ovary enlargement    

Bromocriptine-for the dudes it can treat prolactinomas.  Dopa mimetic>inh prolactin.

GnRH - (pulsatile) stimulates pituitary function and is used to treat infertility caused by hypogonadotropic hypogonadism in both sexes

</DIV>know the primary use of ovulation-inducing agents 
· understand the differences in their mechanisms of action
· I would anticipate you would need to know hMG then hCG in women and hCG then hMG in men
·  know the patient populations in which they are used
· Human Chorionic Gonadotropin
· a placental hormone derived from urine of pregnant women

· binds to LH receptor and has longer T1/2 then LH

· to treat infertility in women with LH deficiency subsequent to hMG to induce ovulation (for in vivo fertilization, insemination must occur within 48 hr whereas for in vitro fertilization mature eggs must be retrieved within 34 hr)

· to treat infertility in hypogonadotropic men (lack of or deficiency in GnRH) prior to hMG to stimulate testosterone production

· to treat cryptorchidism in boys without anatomical obstruction; should be only as long as necessary to achieve descent of the testes because it can cause precocious puberty.  (Has nothing to do with inferitility at the moment.  But for review…)

· HMG
Menotropins (human menopausal gonadotropins; hMG)

· obtained from urine of postmenopausal women containing both FSH and LH in approximately equal amounts

· used to suppress endogenous gonadotropin secretion prior to induction of ovulation by hCG

· one-two punch: hMG (suppress ”Mangle”ovulation)>hCG (induce “Crank up” ovulation)

· in dudes, hCG first then hMG to stim testosterone then spermatogenesis

· clearest indication is for pituitary or hypothalamic hypogonadism with infertility in both men and women

· can induce hyperstimulation of ovaries and multiple births (12-30% frequency)

· no apparent effect on congenital abnormalities

· in males it is initiated ~10 weeks after hCG to stimulate FSH-dependent spermatogenesis

G. Androgens and anabolic steroids 

· testosterone is secreted by testes (males) and ovary and adrenal cortex (females)

· metabolized by steroid 5-reductases in target tissues to active steroids (dihydrotestosterone et al.)

rapidly metabolized (inactivated) in liver, thus testosterone must be modified for use as drug
· know the physiologic effects of testosterone and its derivatives 
· know that even those synthetic androgens that demonstrate dissociation of androgenic and anabolic activity in animals do not show the same dissociation in humans 
· know the clinical uses of androgens 
· androgen replacement therapy in male hypogonadism (transdermal patch on scrotum)

· stimulation of erythropoiesis in certain types of refractory anemia

· osteoporosis particularly in hypogonadal men

· carcinoma of breast (minor use)

· enhancement of athletic performance is unclear if androgens have any beneficial effects in sexually mature male athletes (Bwahahahahaha!  Tell that to Rodney “roidknee” Coleman)

- androgen replacement therapy in men

- gynecologic disorders

- osteoporosis

- sports medicine

· know the adverse effects of androgens 
· adverse effects

· virilization- masculinization in women which generally subsides after discontinued as soon as symptoms appear

· profound effects and serious disturbances of growth and bone development when given to children

· diminished sperm count in men

· feminization - gynecomastia in men due to aromatization to estrogen (which is why it is used for osteoporosis I guess.)
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Pic of gyno from body-building site in steroid user

With hooters like that he should try out for Baywatch!
· edema, jaundice (particularly the 17-substituted esters, thus should be avoided in patients with liver disease) and hepatic carcinoma (prolonged, 1-7 years, use)

· know the contraindications of androgens – prenant women, carcinoma of prostate or breast in men, grwoing kiddos (close plates) use somatotropin,  renal, cardia disease, HCA in aplatic anemia patients 
H. Antiandrogens
Antiandrogens
<DIV ALIGN=CENTER>
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leuprolide acetate –

 potent GnRH agonist causing reversible pharmacological castration (yikes)

 in treatment of prostate cancer, initial response is increase in testosterone with associated flare in tumor activity unless flutamide is also used

Finasteride -

5alpha-reductase inhibitor (blocks conversion of testosterone to dihydrotestosterone)

 used to treat benign prostatic hyperplasia and male pattern baldness (lower dose)

Flutamide -

nonsteroidal competitive androgen receptor antagonist
causes a profound increase in LH and testosterone

used in treatment of prostate cancer along with leuprolide or another GnRH agonist

</DIV>understand the different mechanisms by which the drugs act 

Gonadotropin Releasing Hormone

Leuprolide – GnRH analog.  OK, its not spelled out but I think for this use it is CONTINUOUS use that suppresses the pituitary, recall pulsatile is stimulatory 

Conversion inhibitors

Finasteride – 5 alpha reductase inhibitor reduce DHT levels

Receptor inhibitors

Flutamide-comp antag at receptor for prostatic carcinoma 

· know the clinical uses of the antiandrogens 
Executive summary: Give flutamide to BLOCK the andro receptors then give CONTINUOUS Leuprolide which will cause intial surge of testosterone, but no worries the flutamide will run interference against this blitz, the CONTINUOUS leuprolide will shut down pit.
V. Pancreatic Hormones and Antidiabetic Drugs 

· review the major differences between Type 1 diabetes (IDDM) and Type 2 diabetes (NIDDM) 
· insulin resistance found in type 2 diabetics

dyslipidemia characterized by elevated triglycerides, decreased HDL cholesterol, and changes in composition of LDL cholesterol favoring atherogenesis

Type 1 is the insulin absent beta-cell autoAbs etc…
A. Insulin 

· know the stimuli to insulin secretion 
· insulin secretion

· tightly regulated process to provide stable concentrations of glucose in the blood at all times

· is stimulated by glucose, other sugars, amino acids, fatty acids, ketone bodies, 2-adrenergic agonists and vagal activation

· 2-adrenoceptor agonists and conditions that activate the sympathetic nervous system (hypoxia, hypothermia, surgery and severe burns) inhibit insulin secretion
· know the effects of insulin on its targets; glucose transporter, liver, muscle and adipose tissue 
· in liver, inhibits glucose production (decreases gluconeogenesis and glycogenolysis) and stimulates the glucose transporter, glucose uptake, and storage of glucose as glycogen MAKES YOUR LIVER SWEET

· in muscle, stimulates glucose uptake and inhibits flow of gluconeogenic precursors (e.g., alanine, lactate and pyruvate) to the liver by promoting protein and glycogen synthesis MAKES YOU STRONGER

· in adipose tissue, stimulates glucose uptake (although to much lessor degree than in muscle), and inhibits flow of gluconeogenic precursor (glycerol) and energy substrate (nonesterified fatty acids) to liver MAKES YOU FATTER

inhibits catabolic processes such as breakdown of glycogen, fat and protein
· know the 4 principal types of insulin preparations (based on onset and duration of action) 
Insulin Preparations
<DIV ALIGN=CENTER>
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insulin lispro (ultra-short-acting) - onset of ~15 min, peaks about 60-90 min and last ~4-5 h 

 peak blood concentrations ~2-3 times higher than with regular insulin

 insulin lispro can be mixed acutely with ultralente

Regular insulin (short-acting)

lente insulin (intermediate-acting)

“lentermediate”

ultra-lente insulin (long-acting)

 not mixed with regular insulin because the zinc in the ultralente can cause the regular insulin to precipitate in the syringe

insulin lispro can be mixed acutely with ultralente

</DIV>understand why the types of insulin are frequently mixed 

the types of insulin are frequently mixed in the syringe to maintain postabsorptive control of blood sugar
· - why is ultralente insulin not mixed with regular insulin? zinc in the ultralente can cause the regular insulin to precipitate in the syringe

· know the benefit of glycemic control and why insulin therapy can be considered in people with Type 2 diabetes 
· know and understand the complications associated with insulin therapy 
· hypoglycemia (blood glucose < 50 mg/dL) which, if it develops rapidly, causes autonomic activation (tachycardia, palpitations, sweating, tremors, nausea, and hunger) and neurologic dysfunction

· exacerbated by alcohol

· acute hypoglycemia stimulates glucagon secretion; prolonged hypoglycemia invokes catecholamines, cortisol and growth hormone

· "normal" glucagon and epi responses in first 2 years of disease

· in subjects with long-term type 1 diabetes (years 2-5) epi plays a much greater role; the glucagon response becomes deficient
· after 5-10 years even epi response is severely deficient
· treat with sugar, orange juice or any sugar-containing beverage or food if conscious

· treat with glucose infusion or glucagon injection if not conscious

· antibody production

· can develop high titer of circulating IgG anti-insulin antibodies (less common now with use of purified insulins)

· insulin allergy (immediate hypersensitivity)

· atrophy (rare with purified insulins)

hypertrophy of subcutaneous fatty tissue at site of injection (I told ya it made you fatter!)
- pork vs. beef vs. human insulins – most is beef it differs by only 3 AAs from human.  Pork is less antigenic than beef. Human insulin now cheaper than pork and less immunegenic.
B. Oral Antidiabetic Agents 

· know the mechanism of action of the sulfonylureas 
· primary mechanism is to stimulate insulin release from pancreatic  cells by binding to and blocking ATP-sensitive K+ channel to cause membrane depolarization and increase Ca2+ influx
· reduce serum glucagon (chronically)

· indirectly potentiate action of insulin on target tissues – K697 via reduced glycemia or fatty acid levels

- know the major difference between tolbutamide and chlorpropamide 
First Generation Sulfonylureas
<DIV ALIGN=CENTER>
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Tolbutamide

safest oral  antidiabetic in the elderly

Chlorpropamide 

much longer duration of action

</DIV>
- know the major difference between the first and second generation sulfonylureas and how this affects their use 
Second Generation Sulfonylureas are more potent and have greater risk of severe hypoglycemia
<DIV ALIGN=CENTER>
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Glyburide 

Glipizide

</DIV>
- understand the phenomenon of tachyphylaxis as it relates to the use of sulfonylureas 
- what are the major adverse effects associated with the sulfonylureas?

· know the mechanism of action of the biguanides – stim glycolysis in tisses reove glucose from blood, reduce hepatic gluconeogenesis, slow abs or glucose from GI, reduce plasma glucagon levels
· in what population have biguanides been most often used? Patients with refractory obesity whose hyperglycemia due to ineffective insulin action

Biguanides antihyperglycemic, not hypoglycemic drugs
<DIV ALIGN=CENTER>
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Metformin – glucose lowering not dependent on beta cells

</DIV>know the mechanism of action of the  -glucosidase inhibitors 
 -Glucosidase inhibitors
<DIV ALIGN=CENTER>
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Acarbose – binds to intestinal disaccharidases and delays carb absortion

Miglitol - ? same dealie I’d imagine

</DIV>know the mechanism of action of the thiazolidinediones 

· specifically target insulin resistance through potentiation of the action of insulin to increase glucose uptake and glucose oxidation in muscle and fat, while reducing hepatic glucose output

Thiazolidinediones
<DIV ALIGN=CENTER>
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pioglitazone

rosiglitazone

Troglitazone – Rezulin only one approved FDA

</DIV>know how the term "stepped care approach" is applied to the treatment of Type 2 diabetes 

Stepped-care Approach to Management of Type 2 Diabetes

Step
Therapeutic Approach

1.  Non-pharmacologic
diet, exercise

2.  Monotherapy
sulfonylurea, biguanide, -glucosidase inhibitor or thiazolidinedione

3.  Combination therapy
use 2 drugs from step 2: sulfonylurea + metformin sulfonylurea + acarbose 

(note these are all different classes not same mechanism ie increase release insulin + antihyperglycemia + slow abs + inc sensitivity)

4.  Insulin


**Proceed to next step when glucose/glycated hemoglobin goals are not met.

Since this is Pharmacology and not ICM, I’d imagine the questions will require you to pick out a monodrug or combo from two different classes

C. Glucagon 

· know the major pharmacologic effects of glucagon 
· secreted primarily from  cells of pancreas

· release is inhibited by glucose, somatostatin, free fatty acids and ketones

· administered im, sc, or iv
· immediate pharmacologic effect of glucagon is to increase blood sugar by facilitating the catabolism of hepatic glycogen and by increasing gluconeogenesis

· potent inotropic and chronotropic effects on the heart independent of -adrenoceptors (this is an unexpected and unintuitive point, bet a question on it)

used to treat insulin coma or insulin reaction resulting from severe hypoglycemia, as a diagnostic for endocrine disorders, and in -adrenoceptor antagonist poisoning
· know the clinical uses of glucagon 
· severe hypoglycemia – major use for diabetics insulin dependent overdose

· diagnostic – endocrine diagnosis diabetics w/long standing IDDM no C-peptide response to glucagon 

· -adrenoceptor poisoning – can reverse cardia effects of overdose of beta-blocker as it increases cAMP in heart
VI. Agents that Affect Bone Mineral Homeostasis
1. Know the principal hormonal regulators of bone mineral homeostasis and how they interact

Principal Hormonal Regulators
<DIV ALIGN=CENTER>
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parathyroid hormone (PTH) – 

enhance renal Ca2+ resorption, inhibit renal phosphate resorption, release of Ca2+ and phosphate from bone by breakdown of mineral constituents and bone matrix, and promote conversion of 25-hydroxyvitamin D to 1,25-dihydroxyvitamin D

Inc Ca abs intestine

DEC Ca excretion kidney

INC phosphate exc kidney

Ca nd phosphate resorption inc in bone

Net serum Ca inc phos dec

vitamin D – prohormone must be metab to gain function 

Inc Ca abs in intestine

Inc Ca EXCRETION kidney

Inc Ca resorption bone

Net serum and phophate inc

</DIV>
2. Know the secondary hormonal regulators of bone mineral homeostasis and their mechanisms of action
Secondary Hormonal Regulators
<DIV ALIGN=CENTER>
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Calcitonin -  

is a thyroid hormone (polypeptide, thus not administered by the oral route)

increase cAMP in osteoclasts thus inhibiting their function

antagonizes the actions of PTH

 used in treatment of Paget's disease (the drawing on Dr. Anderson’s slide)

salmon calcitonin is more potent

Glucocorticoids 

osteoporosis in adults and poor skeletal development in children

estrogen (transdermal patch)

SERMs

</DIV>be aware that prolonged use of glucocorticoids can cause osteoporosis in adults and poor skeletal development in children 
3. Nonhormonal agents affecting bone mineral homeostasis 

· know that the bisphosphonates retard formation and dissolution of hydroxyapatite crystals within and outside the skeletal system, though this might not be the precise mechanism by which they inhibit bone reabsorption 
Bisphosphonates
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Tiludronate – 

hypercalcemia associated with malignant neoplasms, Paget's disease, osteoporosis

alendronate

</DIV>
- used in hypercalcemia associated with malignant neoplasms, Paget's disease of bone and other conditions in which bone metabolism is disturbed and osteoclastic activity is enhanced (osteoporosis)
Growth Hormone Family:
GHRH
<DIV ALIGN=CENTER>
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somatostatin (growth hormone-inhibiting hormone) – dec GH secretion at pituitary 

octeotride (somatostatin analog) 

GH (somatotropin) –from ant pit

</DIV>
Gonadotropin Releasing Hormone Family:
GnRH Analogues 
GnRH (pulsatile) stimulates pituitary function and is used to treat infertility caused by hypogonadotropic hypogonadism in both sexes

analogs such as leuprolide and goserelin suppress the pituitary for treatment of prostate cancer, estrogen-dependent breast cancer, endometriosis, polycystic ovary syndrome, in vitro fertilization to suppress normal preovulatory LH surge, and precocious puberty in children

adverse effects of long-lasting agonists include hot flushes, vaginal dryness and atrophy, negative Ca2+ balance and lose of bone, thus treatment is limited to 6 months
PRIVATE


Leuprolide -  

goserelin

</DIV>
Thyroid Hormone Family:
Thyroid Agents
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levothyroxine (T4)

liothyronine (T3)

</DIV>
Thioamides 

· act by multiple mechanisms

· primarily block iodine organification

· do not block iodide uptake by thyroid or release of hormone from thyroid

· cross placental barrier – use with caution in pregnancy (PTU more tightly protein-bound therefore may be safer)

· adverse effects include agranulocytosis, goiter, pruritic papular rash (treated with anti-histamines)

PRIVATE


propylthiouracil (PTU)

methimazole

</DIV>
Adrenal Hormone Family:
Adrenocorticosteroids
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cortisol (hydrocortisone)

aldosterone

DHEA (dehydroepiandrosterone)

</DIV>
Commonly used glucocorticoids 

<DIV ALIGN=CENTER>
 

Short-to-Medium Duration
hydrocortisone (cortisol)

 
cortisone

 
prednisone (metabolized to prednisolone)

 
prednisolone

Intermediate Duration
triamcinolone

Long Duration
betamethasone

 
dexamethasone

</DIV>
Mineralocorticoids 
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aldosterone

DOC (desoxycorticosterone)

fludrocortisone

</DIV>
Adrenocortical Antagonists 
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metyrapone

spironolactone

</DIV>
Reproductive Hormone Family:
Estrogens
<DIV ALIGN=CENTER>
 


Natural

Synthetic

Human
Other
 

estradiol (estradiol-17 )
conjugated estrogens (horses)
diethylstilbestrol (DES)

estrone (E1)
conjugated estrogens A (plants)
 

estriol (E2)
 
 

</DIV>
Progestins 
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Progesterone and derivatives
19-Nortestosterone derivatives

progesterone
norethindrone

medroxyprogesterone
l-norgestrel

megestrol acetate
norgestimate

</DIV>
Progesterone Antagonist 
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mifepristone (RU 486)

</DIV>
Selective Estrogen Receptor Modulators 
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tamoxifen

raloxifene

</DIV>
Ovulation-inducing agents 
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HCG

hMG (menotropins)

GnRH

Clomiphene

bromocriptine

</DIV>
Antiandrogens 

<DIV ALIGN=CENTER>
PRIVATE


leuprolide acetate

finasteride

flutamide

</DIV>
Diabetes Family:
Insulin Preparations
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insulin lispro (ultra-short-acting)

regular insulin (short-acting)

lente insulin (intermediate-acting)

ultra-lente insulin (long-acting)

</DIV>
First Generation Sulfonylureas 
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tolbutamide

chlorpropamide

</DIV>
Second Generation Sulfonylureas 
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glyburide

glipizide

</DIV>
Biguanides 
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metformin

</DIV>
Alpha-glucosidase inhibitors 
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acarbose

miglitol

</DIV>
Thiazolidinedione 
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rosiglitazone

pioglitazone

troglitazone

</DIV>
Vitamin D Family:
Principal Hormonal Regulators
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parathyroid hormone (PTH)

vitamin D

</DIV>
Secondary Hormonal Regulators 
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calcitonin

glucocorticoids

estrogen (transdermal patch)

SERMs ???

</DIV>
Bisphosphonates 
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tiludronate

alendronate

</DIV>






























