Lecture 1: Adrenal Insufficiency and Cushing’s Syndrome/Disease
· Adrenal Gland
· Cortex

· Zona glomerulosa → aldosterone

· Zona fasciculata → cortisol

· Zona reticularis → sex steroids

· Medulla → catecholamines

· Hormones and feedback

· Hypothalamus: CRH → Anterior Pituitary: ACTH → Adrenal cortex (zona fasciculata) → cortisol

· Cortisol

· Actions

· ↑ BG

· ↑ glucogenesis, lipolysis, protein catabolism

· ↓ glucose uptake into cells

· ↑ glycogen synthesis

· ↑ BP

· Potentiate vasopressors

· Can bind to mineralocorticoid receptor @ high doses

· ↓ immune system

· ↓ response to inflammatory cytokines and prostglandins
· Diurnal serum levels
· Highest just before waking
· Drops throughout the day, raise during sleep
· Therefore, random draws of cortisol are meaningless and not helpful!
· Aldosterone

· Actions

· ↑ Na+ retention

· ↑ K+ excretion

· ↑ blood volume

· ↑ BP

· Control

· ↑ by RAAS (AGII directly stimulates the zona glomerulosa)

· ↑ by ↑ K+
· ↑ by ACTH (less important)

· Adrenal Insufficiency

· Definitions

· Primary (Addison’s Disease) = Adrenal destruction; ↓ all adrenal hormones

· Secondary = ↓ ACTH: ↓ cortisol only

· Signs/Sx

· ↓ glucocorticoids 

· Weight loss

· Hypoglycemia
· Nausea

· Fatigue

· ↓ aldosterone 

· Postural hypotension
· ↑ K+
· ↓ Na+
· ↑ ACTH → hyperpigmentation (esp. @ areas of trauma/healing)

· Tests/Dx

· ACTH test (AKA Rapid Cortrosyn Test)
· Measure baseline ACTH level

· Give exogenous ACTH

· Measure cortisol and aldosterone levels @ 0, 30, 60 minutes

· Normal response:

· Cortisol peak >15 with an ↑ of >7

· Aldosterone ↑ >5

· Baseline ACTH within normal range

· Abnormal responses

· Primary adrenal insufficiency

· ↓ cortisol response

· ↓ aldosterone response

· ↑ baseline ACTH

· Secondary adrenal insufficiency

· ↓ cortisol response

· NL aldosterone response

· ↓ ACTH

· Insulin-induced hypoglycemia

· Hypoglycemia → ↑ ACTH → ↑ cortisol

· Metyrapone test

· Block cortisol production → ↑ ACTH

· Tx

· Hydrocortisone/cortisone/prednisone as glucocorticoid replacement
· Must wear steroid ID alert bracelet/necklace

· Educate about ↑ doses during illness

· Florinef as aldosterone replacement

· +/- androgen replacement in ♀

· Cushing’s Syndrome

· Glucocorticoid excess

· +/- aldosterone, androgen excess

· Causes

· Most common: high dose steroid use

· ACTH dependent

· ↑ levels of ACTH in serum

· ATCH-producing pituitary tumor (Cushing’s Disease)

· Ectopic ACTH production (tumor)

· CRH-producing tumor (rare)

· ACTH independent

· ↓ levels of ACTH in serum

· Adrenal adenoma, usually pure cortisol excess
· Adrenal carcinoma (rare)

· Clinical
· Pure cortisol excess (e.g.: adrenal adenoma)

· Hyperglycemia

· Truncal obesity

· Thin skin

· Easy brusing

· Psych sx (esp. Depression)

· Muscle weakness

· Purple stretch marks

· Full/red face

· HTN

· ATCH excress (e.g.: Cushing’s Disease)

· Cortisol Sx
· Hyperpigmentation

· HTN

· +/- ↑ K+
· Acne

· Hirsutism

· Tests/Dx

· Overnight dexamethasone suppression

· Dexamethasone is a cortisol analog → negative feedback to anterior pituitary → ↓ ACTH → ↓ cortisol

· Normal response: ↓ cortisol

· 24 hr urinary cortisol

· Averages out the diurnal variation

· Abnormal responses are ↑
· Repeat if + to R/O false +’s

· ACTH dependent
· ↑ levels of ACTH

· If cortisol can be suppressed with high dose dexamethasone → pituitary Cushing’s

· If cortisol cannot be suppressed with high dose dexamethasone → ectopic ACTH

· ACTH independent

· ↓ levels of ACTH

· Do adrenal imaging 

· Measure adrenal androgens

· Tx

· Adrenal adenoma: surgical removal

· Adrenal carcinoma: surgical removal or medical adrenalectomy

· Ectopic ACTH production: Tx underlying tumor, medical adrenalectomy

· Cushing’s Disease

· Resect pituitary tumor

· Pituitary irradiation

· Bilateral adrenalectomy

· Medical adrenalectomy

· Big concept re: Dx and labs!

· If undersecreting → stimulate and measure

· If oversecreting → suppress and measure

· Questions to ask regarding masses/tumors:
· Is it secreting?

· Is it malignant?

Lecture 2: Adrenal Hypertension

· Mechanisms
· Mineralcorticoid (aldosterone) excess → ↑ Na+, H2O retention
· Catecholamine excess (epi, norepi) → vasoconstriction, tachycardia

· Glucocorticoid (cortisol) excess → works @ aldo receptor; sensitizes to catecholamines
· Adrenal disorders

· Cushing’s syndrome

· Hyperaldosteronism

· Pheochromocytoma (epinephrine-secreting tumor)

· Hyperaldosteronism

· ↑ Na+, H2O retention

· ↑ K+ loss

· Types

· Adrenal carcinoma (most severe; rare)

· Adrenal cortical adenoma (severe)

· Bilateral hyperplasia of the zona glomerulosa (less severe)

· Dx

· ↓ K+
· ↑ Aldosterone (not suppressible)

· ↓ Renin

· Aldo:Renin ratio (important screening!!)
· ↑ aldo, ↓ renin (>25 = hyperaldosteronism)

· Aldo must be >15, reliable only when renin >0.4

· Do imaging

· Do venous sampling

· Diff. between adenoma vs. bilateral hyperplasia

· Measure aldo and cortisol in both veins simultaneously

· Are the levels the same?  Different?

· Tip: Screen everyone with a K+ level <4.0 who also requires >2 drugs to control their BP

· Tx

· Adenoma

· Surgery = curative

· K+ sparing diuretics

· Bilateral hyperplasia

· K+ sparing diuretics

· Ca2+ channel blockers

· ACE inhibitors

· Pheochromcytoma

· Tumor of sympathetic tissue (90% adrenal; extra-adrenal)
· Most are symptomatic and → HTN

· Clinical

· Palpitations

· HTN (67% sustained, 33% intermittent)
· Flushing/blanching

· Headaches

· Anxiety

· Impending doom

· When do you screen?

· Symptoms

· Resistant/accelerated HTN

· HTN during surgery

· Adrenal mass

· FHx

· Neurofibromatosis

· Familial Pheo

· Von-Hippel Lindau syndrome

· MEN-II

· Dx
· Plasma metanephrines (important screening!!)

· Urine catecholamines, metanephrines

· Hyperintense (bright) spot on T2 weighted MR

· Rule of 10s

· 10% are extra-adrenal

· 10% are familial

· 10% are bilateral

· 10% are malignant

· Tx

· Meds before surgery

· α blockers

· Ca2+ channel blockers

· β blockers
· Surgery
Lecture 3: Posterior Pituitary

· Anatomy

· Composed of neurons

· Cell bodies in the hypothalamus

· Merely an extension of the hypothalamus

· Pituitary stalk = bundle of axons

· Very resilient; hard to interfere with function

· Bright spot on T1-weighted MRI

· Hormones
· Vasopressin (AKA: ADH, AVP)

· Oxytocin

· Produced as prohormones → storage granules that travel down axons → stored in posterior pituitary → exocytosis when depolarized

· Vasopressin

· Supplies in the posterior pituitary

· At normal levels of secretion, there is a 1 month supply
· At maximal secretion, there is a 5-10 day supply

· Actions

· Binds to renal V2 receptors → ↑ cAMP, PKA → ↑ Aquaporin-2 channels in the DCT and CD → ↑ H2O reabsorption

· Pharmacologic doses → binds to V1 receptors on smooth muscle cells → 
↑ BP
· Regulation

· Osmoreceptors in the anterior pituitary → if ↑ plasma osmolality (>280) → ↑ AVP (most important mechanism)
· Max @ 295

· Maximally concentrated urine = 800 mOsm/kg

· If ↓ osmolality (<280) → ↓ AVP

· Maximally dilute urine = 16 L/day @ 150mOsm/kg

· Baroreceptors in the cardiac atria via CN IX and X → if ↓ blood volume (5-10%) → ↑ AVP

· Crude

· Nausea, pain, sress, hypoxia, hypercapnia → ↑ AVP

· Plasma osmolality >290mOsm/kg or hypovolemia → ↑ thirst

· Diabetes Insipidus

· Mechanism

· ↓ AVP production (central)

· ↑ AVP metabolism (gestational)

· Resistance to AVP (nephrogenic)

· Requires a huge insult and loss of >90% of secretory capacity

· Central requires a large hypothalamic or stalk lesion (a pituitary lesion alone is not enough)

· Clinical

· Abrupt onset

· Polyuria

· Polydipsia

· Thirst

· Nocturia

· Preference for ice-cold water

· Normal exam if patient has access to water

· ↓ water:
· ↑ Na+ 

· ↑ osmolarity 

· ↓ mental status
· Hyperthermia

· Coma

· Brain shrinkage → vessel rupture

· Causes

· Neurosurgery → triphasic response
· Trauma

· Tumors

· Infiltrative disorders

· Essential hypernatremia

· Loss of osmoreceptors

· Maintains baroreceptors

· Excretes dilute urine until hypovolemic → ↑ AVP (dramatic)

· Triphasic response

· First 4 days post-op: no AVP secreted → classic DI (Acute phase)

· Next 6 days post-op: AVP spilling → AVP oversupply (Interphase)

· If no recovery: AVP depleted → permanent central DI
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· Nephrogenic DI

· Renal insensitivity to AVP
· Causes

· ↓ K+
· ↑ Ca2+
· Li+ use

· All of these 3 → ↓ cAMP

· X-linked defect in the V2 receptor

· 1° polydipsia and dipsogenic DI

· Schizophrenia → “water is healthy” → polydipsia
· ↓ osmotic threshold for AVP secretion, gradient washout
· → chronic thirst and chronic polyuria


· Gestational DI

· Placenta produces vasopressinase → ↓ oxytocin and AVP (very similar structures)

· ↓ oxytocin to ↓ uterine contractions and protect pregnancy

· ↑ polyuria in 3rd trimester-2nd week post-partum

· Dx

· R/O osmotic diuresis

· Urine osmolality

· Serum osmolality

· Serum chemistry

· Remember: polyuria itself ↓ maximum urine osmolality

· If urine dilute → do water deprivation → administer exogenous AVP (DDAVP) → measure response\
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· Tx

· Slowly correct hypernatremia (to avoid cerebral edema)
· DDAVP

· Nasal spray

· IV (10x more potent)

· Avoid fluid overload → find lowest dose that prevents nocturia

· SIADH

· Continued secretion of ADH despite euvolemia and serum hypo-osmolality

· Dx of exclusion

· Serum ↓ Na+

· Urine excretion should be ↑ 20 mEq/L

· Tx

· Water restriction

· Correct hyponatremia slowly


· Oxytocin

· Actions

· ↑ uterine contractions

· ↑ myoepithelial contractions surrounding the mammary gland alveoli

· Regulation

· ↑ in response to vaginal stretch receptors

· ↑ in late labor

· ↑ in response to nipple stimulation → milk release
Lecture 4: Anterior Pituitary

· Anatomy

· In the sella turcica of the sphenoid bone

· Hypothalamic factors → portal plexus → anterior pituitary capillary beds
· Provides blood supply and stimulatory factors
· Hormones
· TSH

· LH/FSH

· ACTH

· Prolactin

· Only one that is tonically inhibited by the hypothalamus

· Somatostatin (GH)

· Hypopituitarism Sx

· ↓ TSH

· Sensitivity to cold

· Dry skin

· Constipation

· ↓ energy

· ↓ LH/FSH

· Amenorrhea/Oligomenorrhea

· Infertility

· Dyspareunia (painful sex)

· ↓ 2° sexual hair

· Impotence

· Small, soft testes

· ↓ ACTH

· Weight loss

· Fatigue

· Pallor

· Hypoglycemia

· ↑ Prolactin (remove tonic inhibition)
· Galactorrhea 
· ↓ GH
· ↑ weight gain

· ↓ muscle strength

· Growth retardation in kids

· ↓ AVP
· Central DI

· ↑ dilute urine

·  Polyuria

· Polydipsia

· Thirst

· Nocturia

· Hypopituitarism Dx
· TSH

· Measure basal T3/T4

· Measure TSH

· Exogenous TRH → absent/blunted TSH response in pituitary disease

· Exogenous TRH → delayed peak TSH response in hypothalamic disease

· LH/FSH
· ↓ estradiol/testosterone and ↓ LH/FSH → hypogonadotropic hypogonadism
· Can stimulate with exogenous GnRH

· ACTH

· Random cortisol samples are not helpful – diurnal pattern
· Cortrosyn Stimulation test: ↑ cortisol secretion

· Long standing ↓ pituitary → blunted peak

·  Overnight metyrapone test: ↓ cortisol formation in circulation from 11-deoxycortisol → ↑ 11-deoxycortisol secretion from pituitary
· Insulin tolerance test: Exogenous insulin → hypoglycemia → ↑ cortisol
· CRH stimulation test: Exogenous CRH → ↑ ACTH

· Prolactin

· Measure basal levels

· ↓ in pituitary lesions

· ↑ in hypothalamic lesions

· GH

· Random GH samples are not helpful – episodic

· Insulin tolerance test: Exogenous insulin → hypoglycemia → ↑ GH

· Arginine stimulation test: Exogenous Arg → ↑ BG → 2° ↓ BG → ↑ GH

· GHRH stimulation test: Exogenous GHRH → ↑ GH

· Tx of deficiencies

· Replace deficiencies and treat underlying disease process

· Doses are the same throughout the day

· Except glucocorticoids → ↑ in times of stress
· Prolactin is not replaced

· Replace glucocorticoids first

· Pituitary Hypersecretion and Neoplasia

· Prolactinoma

· Most common pituitary adenoma (50%)
· Prolactin normally inhibited by dopamine from the hypothalamus

· Breast stimulation → dopamine inhibition → ↑ prolactin

· ↑ with estrogen stimulation

· Anything that disrupts the hypothalamic/pituitary connection → 
↑ prolactin

· Prolactin inhibits GnRH secretion

· Prolactin stimulates androgen secretion

· Sx

· ♀

· Galactorrhea (30-80% – estrogen priming)
· Amenorrhea (↓ estrogen)
· Infertility

· Hirsutism

· Osteoporosis (↓ estrogen)

· ♂

· Galactorrhea (<10%)

· Impotence

· Hypogonadism

· Visual field abnormalities

· Extraocular muscle palsies

· Headaches

· Tx
· Small → observation

· Dopamine agonists

· Transsphenoidal surgery if not responsive to meds

· GH adenoma

· Episodic, once/2-4 hours

· GHRH → ↑ GH → ↑ IGF-1

· GHRH ↑ cAMP

· IGF-1 inhibits GHRH secretion

· ↑ with hypoglycemia (fasting), Arginine, exercise, stress, puberty

· Usually 2° to pituitary adenoma

· Gigantism in kids

· Acromegaly in adults

· Dx

· GH secretion cannot be suppressed by a glucose load

· Measure IGF-1

· Tx

· Surgery

· Radiation

· Meds

· Nonsecreting adenoma = secrete α subunit (non-functioning)

Lecture 5: Female reproduction

· Menstrual cycle

· Follicular phase (days 0-14)

· Primordial follicle develops

· ↑ estradiol → uterine proliferation and inhibit pituitary
· ↓ LH, ↓ FSH

· ↓ progesterone

· Ovulation (day 14)

· ↑↑↑ estradiol → LH surge (positive feedback) → ovulation

· ↓ estradiol after ovulation

· ↑ cervical mucus, ↓ viscous

· Luteal phase (days 14-28)

· Corpus luteum develops → estrogen and progesterone
· ↑ vascularity of endometrium

· ↑ basal body temp

· Menses (days 0-4)

· Endometrium is sloghed off 2° to the abrupt ↓ of estradiol and progesterone
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· Hypothalamic dysfunction

· Craniopharyngioma → benign hypothalamic tumor → amenorrhea +/- other hormone deficiencies +/- neuro sx
· Cysts/infiltrative disorders → headaches

· Generally, low-normal FSH/LH, ↓ estradiol

· Altered GnRH secretion → functional hypothalamic amenorrhea

· 2° to ∆’s in hypothalamic neurotransmitters

· Rigorous physical training

· Weight loss

· Systemic illness

· Eating disorders

· Severe stress

· All of these → catabolism and stress

· Pituitary dysfunction

· Tumors → mass effect → ↓ GnRH

· Commonly prolactinomas → ↓ GnRH

· GH-secreting tumors → acromegaly

· ACTH-secreting tumors → Cushing’s syndrome


· Polycystic Ovarian Syndrome

· Menstrual dysfunction

· Androgen excess (hirsutism, acne)
· Obesity

· ↑ LH/FSH ratio → ↑ ovarian androgen production, premature leutinization of the follicles → multicystic ovary

· ↑ Insulin resistance
· ↑ endometrial carcinoma

· Primary gonadal disorders

· Turner’s Syndrome (45, XO) → 1/3 of all cases of 1° amenorrhea

· Short stature

· Webbed neck

· Kidney/ureter/aortic/orthopedic development abnormalities

· ↑ accelerated atresia (involution of ova)

· Only a few follicles left @ puberty

· Become secondarily amenorrheic

· Uterine abnormalities
· Agenesis of the Müllerian ducts → ↓ uterine/fallopian tubes/upper vagina development
· Normal 2° sexual characteristics


· Also, hypothyroidism → amenorrhea

· Evaluating 2° amenorrhea → pregnancy, PCOS, hypothalamic amenorrhea, prolactinoma

· Workup = HCG, FSH, prolactin, TSH, long term estradiol levels, LH/FSH ratio
Lecture 6: Testosterone Deficiency in Men
· Testosterone refresher
· Secreted from Leydig cells in the testes

· Diurnal variation – highest in the morning

· Cholesterol → → → testosterone 

· Testosterone → estradiol

· Testosterone → Dihydrotestosterone (DHT)

· Testosterone → androgen receptors in the nucleus → ∆ transcription
· Hypothalamus → GnRH → Anterior pituitary → LH → testes → testosterone

· Testosterone has negative feedback on the pituitary and the hypothalamus

· Actions

· ↑ libido, energy

· ↑ GH

· ↑ vocal folds thickness

· ↑ breast size (estradiol metabolite)

· ↓ HDL

· ↑ erythropoietin, ↑ hematocrit

· ↑ genital development, spermatogenesis, erections

· ↑ prostate size, secretions

· ↑ facial/body hair, sebum, ↓ scalp hair (DHT)

· ↑ lean mass, strength

· ↓ abdominal fat

· ↓ autoimmunity?

· Testosterone deficiency

· Primary hypogonadism (testicular dysfunction)

· ↓ T, ↑ LH, ↑ GnRH

· E.g.: Kilefelters syndrome (47, XXY)

· Secondary hypogonadism (pituitary dysfunction)

· ↓ T, ↓ or nl LH, ↑ GnRH

· E.g.: Tumors (prolactinoma)

· Tertiary hypogonadism (hypothalamic dysfunction)

· ↓ T, ↓ or nl LH, ↓ GnRH

· E.g.: Head trauma, aging, opioid use, Kallman’s syndrome

· Chronic disease

· Mechanism?

· Dx testosterone deficiency

· Most common: ↓ libido, erectile dysfunction, ↓ energy, depression, hot flashes

· PE

· ↓ facial/body hair

· Small testicles

· ↓ peripheral vision (2° to pituitary tumors)

· Muscle atrophy

· Obesity

· Eunuchoid proportions (arm span > height)

· Gynecomastia

· +/- osteoporosis

· Labs

· Serum total testosterone in the AM

· If low:

· Free testosterone (bioavailable)

· Sex hormone-binding globulin

· LH/FSH

· Semen analysis (if fertility is in question)

· Prolactin (R/O prolactinoma)

· R/O prostate cancer

· PSA, digital rectal exam

· Baseline CBC/lipid panel

· Tx testosterone deficiency

· IM injections – roller-coaster effects, ↑ gynecomastia
· PO derivatives – hepatotoxic, ↓ HDL, ∆ with food

· Transdermal patch (scrotal) – ↑ supraphysiologic DHT, shaving of scrotum

· Transdermal patch (non-scrotal) – skin rxns, expensive

· Gels – irregular pattern of absorption, ↑ DHT, transfer with skin/skin contact

· Buccal tablet – Gum irritation, bitter taste

· Most common recently:

· Non-scrotal transdermal patches

· With PM application, ↑ AM peak → most physiologic

· Topical gels

· Many peaks/toughs

· Most well tolerated on the skin; widely accepted

Lecture 7: Sexual function/dysfunction in Men

· Sexual response cycle

· Excitement

· Hypoactive sexual desire disorder

· Testosterone deficiency

· Erectile dysfunction

· Plateau

· Orgasmic

· Ejactulatory disorders

· Premature

· Retrograde (DM-associated neuropathy)
· Resolution

· Penile erection

· ↑ relaxation of the cavernosal smooth muscle

· ↑ blood flow into the cavernosal sinuses

· ↑ venous occlusion → engorgement, rigidity

· Biochemistry

· PGE1 → ↑ cAMP → ↑ PKA → ↑ K+ channels → K+ efflux

· ↑ PKA also → ↓ intracellular Ca2+
· All of these things → muscle cell relaxation
· NO → ↑ muscle relaxation, ↑ arterial dilatation
· ↑ GC → ↑ cGMP → ↑ PKG → ↓ intracellular Ca2+
· There is connection between cells → one repolarizes → others repolarize
· Phosphodiesterase → ↓ cAMP/cGMP → ↑ muscle contraction

· Sildenafil, vardenafil, tadalafil inhibit PDE5

· Testosterone and sexual function
· T-deficient men can achieve erections

· ↓ sexual activity, sexual thoughts, desire

· ↓ attentiveness to erotic, auditory stimuli

· T-deficient men have ↓ spontaneous erections

· These men can still have stimulus-provoked erections and orgasm
· Maximum rigidity requires a threshold level of T (regulates NO, is trophic for cavernosal smooth muscle and is necessary for the veno-occlusive response)
· Delayed orgasm, ↓ ejactulatory volume

· Androgen deficiency ≠ erectile dysfunction

· Erectile dysfunction

· Causes

· Age

· DM

· HTN

· Meds

· CV disease

· Depression

· Neuro disorders

· Work-up

· Evaluate general health, comorbidities, meds, drugs
· Deatiled sexual history
· PE

· 2° sexual characteristics

· Breast enlargement?

· Testicular volume?

· Femoral/pedal pulses?

· Neuro exam

· Penile exam

· Evaluate CV risk

· BG

· Lipids

· Blood chemistries

· Serum testosterone

· Tx

· PDE5 selective inhibitors

· Block hydrolysis of cGMP induced by NO

· Restore natural response to stimulation

· SE: headache, visual problems, flushing

· ↓ if ↑ selective for PGE5

· Do not affect semen characteristics

· Contraindicated with nitrate use, esp. Sildenafil (Viagra – least selective)

· Monitor BP

· Tadalafil (cialis) is the most selective for PGE5; has the longest t½ 

· Psychosexual counseling
· Vacuum devices

· Intraurethral application of PGE1 or vasoactive amines

· Penile prosthesis

· Vascular surgery

Lecture 8: Paget’s Disease

· Metabolic bone disease

· Rapid explosion of osteoclast activity

· Followed by ↑ osteoblastic activity → Bony overgrowth

· Enlarged bones

· ↓ mineralization

· ↓ strength

· Usually localized to one bone, but can be in multiple sites
· Cause? Viral? Genetic predisposition? 15-30% have FHx+

· Labs

· ↑ IL6 
· ↑ Alk Phos (↑ bone formation)
· ↑ urinary NTx

· ↑ Ca2+ (urine, serum)

· 2° ↑ PTH

· Clinical

· 80% asymptomatic

· Bone pain

· Kidney stones

· Bony deformity

· Joint pain

· CHF

· Neurologic sx

· Compressive disorders

· Vascular steal syndrome

· 20% more blood to Pagetic bone → ischemic myelitis (stolen from cord)
· Gouty diathesis

· Complications

· 2° osteogenic sarcoma

· Benign giant cell tumor

· Osteoclastoma

· Dx
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· Radiology

· Large, multinucleated osteoclasts

· ↑ bone vascularity

· Coarsely woven fibers of trabecular bone

· Areas of radiolucency next to sclerotic areas

· Cortical thickening

· Enlarged bones

· Bony deformity

· Usually localized to one bone

· Tx

· Goals: return bone remodeling to normal, normalize biochemical markers
· Plus, prevent osteogenic sarcoma!

· Bisphosphonates are the most effective
· Especially Zoledronate, Qyear

· ↓ osteoclastic activity

· ↑ osteoblastic secretion of osteoclastic inhibitor

· ↑ osteoclastic apoptosis

Lecture 9: Thyroid Nodules and Cancer

· Thyroid cells
· Follicular cells → T4/T3

· C Cells → calcitonin → ↓ osteoclast activity; although, c cells aren’t that important in bone homeostasis
· Epidemiology of thyroid tumors
· 5% of people have a nodular thyroid

· 5% of clinically apparent nodules are malignant
· All nodules

· 69% are colloid nodules (benign)

· 15% are follicular adenomas (benign)

· 5% are thyroiditis (benign)

· 5% are cysts (benign)

· 1% are “other” (benign)

· 5% are malignant

· Malignant nodules (5%):

· Follicular cells

· Papillary carcinoma (75%)
· ↑ metastasis to lymph nodes or adjacent structures

· Follicular carcinoma (15%)
· ↑ metastasis to lungs

· Anaplastic carcinoma (3%)
· C cells

· Medullary carcinoma (5%)
· ↑ metastasis to lymph nodes or adjacent structures

· ↑ ret oncogene mutation (screen families)

· 1% of these metastasize

· Prognosis without Tx

· Papillary carcinoma → 10% lifetime mortality

· Aggressive Tx = cure

· Follicular carcinoma → 30% mortality

· Aggressive Tx = cure

· Medullary carcinoma → 50% mortality

· Surgery = cure

· Anaplastic carcinoma → 100% mortality (even with Tx)
· No Tx that works

· Lymphoma or metastases to the thyroid → dependent on underlying process


· Worsening prognostic factors

· Men

· Age > 45 yrs

· Kids

· Symptoms of local invasion

· Vocal cord paralysis

· Dysphagia


· Clinical/PE

· All nodules > 1 cm need to be evaluated

· Hard, immobile, > 4 cm, +/- cervical lymphadenopathy → likely to be malignant

· Sx of thyroid excess of deficiency

· TSH level

· Serum T4 levels

· FHx of carcinoma?

· Hx of radiation exposure?

· If nodule + hypothyroid → Hashimoto’s?

· May involute with T3/T4 replacement; no further Tx

· If nodule + hyperthyroid → Tx with radioactive Iodine ablation
· If nodule + euthyroid → FNA

· FNA

· 75% of samples are benign

· 10% of samples are insufficient
· 10% of samples are suspicious

· 5% of samples are malignant
· In a multinodular goiter, all nodules >1 cm should be biopsied

· Other tests

· US: when PE is inadequate

· FNA of cystic nodules or those in difficult locations can be helped by US guidance

· Radioisotope scan

· Nodules that take up radioactive Iodine are not malignant

· 90% do not take up idone

· Medullary carcinomas will not take up Iodine ever!

· Tx

· Papillary carcinoma

· Near-total thyroidectomy + radioactive iodine ablation

· Protect recurrent laryngeal nerve and parathyroids

· Following tx → suppressive doses of T4/T3

· Will ↓ stimulation of receptors of any well-differentiated cell survivors

· Follicular carcinoma

· Same Tx as papillary carcinoma

· However, cannot dx pre-operatively

· Medullary carcinoma

· Screen for pheochromocytoma!

· Identify +/- ret oncogene mutation → screen relatives for prophylactic thyroidectomies
· Thyroidectomy

· Measure serum calcitonin to monitor for recurrence

· Neither radioactive iodine nor thyroglobulin is helpful here!

· Benign nodules

· Idea: benign nodules might shrink in response to T4/T3

· Low-normal TSH → no T3/T4
· High-normal TSH: T3/T4

Lecture 10: Hypothyroidism

· Thyroid hormone review
· Synthesized from Tyr + Iodine

· TSH → Thyroperoxidase (TPO) iodinizes thyroglobulin → T4, T3 release

· TSH is also trophic for the thyroid

· 99.9% of released T4/T3 is inactive and bound to albumin (esp. T3), transthyretin, or thyroxine binding globulin (esp. T4)

· Estrogen, hepatitis, FSH → ↑ binding proteins
· Androgens, cortisol, cirrhosis, nephrotic syndrome → ↓ binding proteins
· Functions

· ↑ metabolic rate

· ↑ sensitivity to catecholamines

· Necessary for development and maturation
· ↑ heat generation

· Hypothyroidism (Common in adults, esp. in aging women)
· 1°  (thyroid gland defect)
· ↓ T4 ↓ T3 ↑ TSH

· Chronic Hashimoto’s

· Auto-immune, most common cause of adult hypothyroidism
· Anti-TPO

· Thyroid destruction from Abs and CMI

· Post-ablative

· Subacute thyroiditis

· Temporary; 90-95% recover to euthyroid

· Drugs

· Lithium

· Amiodarone

· ↑ Iodine intake (Wolff-Chaikoff effect)

· Problems with development

· Head/neck irradiation

· Tumors/Infiltrative disease

· 2° (pituitary defects)
· ↓ T4 ↓ T3 ↓ TSH
· Adults: pituitary/parasellar tumors or after surgery/radiation

· Kids: congenital TSH deficiency (rare)

· 3° (hypothalamic disease)

· Sarcoidosis, histiocytosis, tumors, radiation

· Other

· Iodine deficiency (↑ TSH → trophic for the tyroid)

· Resistance to thyroid hormone (rare)
· Manifestations of Hypothyroidism

· Constipation
· Fatigue

· Muscle cramps

· Cold intolerance

· Weight gain

· Dry, rough skin

· Peri-orbital edema

· Pale, waxy color

· Coarse, dry hair; ↑ hair loss

· Dyspnea

· Cardiomegaly, pericardial effusion

· ↓ voltage ECG

· ↑ Total and LDL cholesterol

· Deafness

· Atrophic gastritis

· ↓ cortical neurons, reversible dementia in adults
· Anemia

· Subclinical

· ↑ TSH with normal free T4

· Evidence of failing thyroid, ↑ risk of developing overt disease

· Labs

· ↑ TSH in 1°
· ↓ T4/T3 in overt disease

· ↑ cholesterol

· ↑ LDH

· ↓ voltage ECG

· Tx

· PO Sodium L-Thyroxine (T4)

· ↓ absorption by iron, calcium, antacids, sulcrafate, food

· Must ↑ dose with estrogens (OCP, pregnancy), 5-FU, narcotics (↑ Thyroid binding globulin)

· Avoid seaweed!

· Myxedema Coma

· 50% mortality; decompensated state

· Profound mental obtundation

· Bradycardia

· Hypotension → ↑ water retention, dilutional ↓ Na+ (≈SIADH)
· ↓ or no reflexes

· Alveolar hypoventilation → ↑ CO2, narcosis

· Pathogenesis?  Predisposed with cold, infection, trauma, CNS depressants

· Tx: IV Sodium L-Thyroxine, supportive; avoid external warming
Lecture 11: Ca2+ and Vitamin D

· Vitamin D (1,25(OH)2D)
· Actions

· ↑ efficiency of the intestine to absorb Ca2+ (esp. duodenum)
· ↑ stem sells → mature osteoclasts @ higher levels (induces RANKL)
· ↑ bone formation/mineralization @ lower levels

· Inhibits PTH

· PTH normally induces RANKL (↑ osteoclasts), ↑ renal Ca2+ absorption, ↑ renal PO4 excretion
· ↑ PO4 absorption

· Total: ↑ intestinal transport and mobilize stores from bone (@ high levels)
· Deficiency

· Causes

· Intestional malabsorption

· Severe hepatic/renal failure

· Inability to make adequate quantities from solar radiation

· Obesity (fat sequestering)

· ↓ bone mineralization

· Rickets in kids

· Osteomalacia

· Osteoporosis

· Hypercalcemic Disoders

· Symptoms

· Depression

· Fatigue

· Mental confusion

· Anorexia, N/V

· Constipation

· Polyuria

· Arrhythmias

· Causes

· ↑ PTH (adenoma; MEN-I, MEN-II)
· Malignancy (↑ bone mobilization)
· ↑ Vit D

· Acquired disorders → ↑ bone turnover

· Hyperthyroidism

· Bed rest

· Zero gravity

· Thiazides

· Vit A intoxication

· Chronic renal failure (2° ↑ PTH)
· Familial Hypocalciuric Hypercalcemia 

· Mut of the Ca2+ sense of the parathyroid chief cells

Lecture 12: Osteoporosis Dx and Tx

· Osteoporosis/Osteomalacia

· Osteoporosis: ↓ matrix and mineral content of skeleton → ↓ architectural integrity → ↑ risk of fracture
· Osteomalacia: 2° to Vit D deficiency; matrix without mineralization

· Dx from DXA
· Lumbar spine and hip

· T-score: number of standard deviations below the average for a young adult at peak bone density
· Osteopenia: T-score between -1 and -2.5

· Osteoporosis: T-score ≤ -2.5

· Can also be osteomalacia; cannot be distinguished on x-ray or BMD – must use bone biopsy with stains for mineral and matrix
· Lower the T-score → higher the risk of fracture

· Bone remodeling

· Vitamin D → ↑ RANKL on osteoblasts → interact with osteoclast RANK → mature osteoclasts → HCl release → dissolve bone, release Ca2+ into the circulation
· ↓ estrogen (menopause) → uncoupling of bone mineralization/demineralization → ↑ osteoclastic activity → progressive bone loss


· LRP-5

· Low density lipoprotein receptor protein 5

· Co-receptor for proteins that are required for osteoblast proliferation and function

· Some variants associated with ↓ peak bone mass

· Common causes of 2° ↓ bone mass

· Vit D deficiency

· Ca2+ deficiency

· Estrogen deficiency

· Testosterone deficiency

· Thyrotoxicosis

· Hyperadrenocorticoism (Cushing’s)

· Hyperparathyroidism

· Chronic glucocorticoid/antiseizure medication use

· Immobilization

· Malabsorption

· Chronic renal/liver failure

· COPD

· Cancer

· RA

Lecture 13: Hyperthyroidism/Thyrotoxicosis
· Thyrotoxicosis: clinical syndrome of hypermetabolism/hyperactivity 2° to ↑ T4/T3
· Can be intermittent or acute (e.g.: after exogenous T4/T3 administration)
· Therefore, thyrotoxicosis ≠ hyperthyroidism, since hyperthyroidism is always chronic
· Subclinical = NL T4/T3 with ↓ TSH

· Causes
· Graves’ Disease

· Toxic Adenoma

· Exogenous T4/T3

· Gestational thyrotoxicosis

· Inflammatory disease

· Drugs

· Signs/Symptoms
· Acceleration of physiology
· Goiter

· Nervousness

· Fatigue

· ↑ perspiration

· Heat intolerance

· Palpitations

· Weight loss

· Symptathetic activation
· CV dysfunction


· Labs

· TSH, T4/T3

· Radioiodine uptake (most useful)
· TSH receptor Abs

· Tx
· Antithyroid drugs (Propylthiouracil – inhibits TPO)
· Radioactive iodine

· Thyroidectomy 
Lecture 14: Growth

· Growth rates after birth
· Year 1: 25 cm

· Year 2: 12 cm

· Year 3: 8 cm

· Year 3-puberty: 4.5 – 7 cm/year

· Puberty ♂: 9.5 cm/year

· Puberty ♀: 8.3 cm/year

· Growth patterns are established by 3 years of age, and do not change until puberty

· Sex hormones → ↑ GH

· Birth size is related to maternal factors

· Size later is related genetics

· Short stature = 2 SD below mean for age OR below the 3rd percentile for age

· Mid-parental height
· Girls: (mom + dad – 13 cm) / 2

· Boys: (mom + dad  + 13 cm) / 2

· Familial short stature

· FHx

· NL birth length/weight

· Height < 3rd percentile for age

· NL annual growth rate

· Predicted adult height <3rd percentile

· NL onset of puberty

· Constitutional delay: Bone age is delayed and is closer to height age

· Reflects ↑ growth potential since plates will fuse later

· Intrinsic Disorders of Growth
· Bone age = chronological age

· Predicted height < mid-parental height

· Consider Turner’s Syndrome (XO) in any female with unexplained short stature

· Systemic Disorders

· ↓ weight/height ratio → systemic illness
· Malnutrition

· Anorexia nervosa

· Malabsorption

· IBD

· DM

· Renal/hepatic disease

· Cystic fibrosis


· Endocrine Disorders

· Preserved weight gain or obesity with ↓ linear growth

· Hypothyroidism

· GH deficiency

· Cortisol excess

· Newborns may have normal weight/height ratios, since theirs depends on maternal environment
Lecture 15: Disorders of Puberty
· Puberty

· ↑ zona reticularis → ↑ steroid secretion → adrenarche

· ↑ GnRH → ↑ LH, FSH

· ↑ GH, ↑ IGF-1 → insulin resistance, growth spurt

· Premature pubarche

· Pubic hair < 8yo in ♀ or < 9 yo in ♂

· No negative effect on the onset or progression of puberty

· No tx needed, but follow-up
· Premature pubarche in ♀→ ovarian hyperandrogenism, hyperinsulinemia

· Premature thelarche

· Breast development in ♀ without other signs of pubertal development

· No bone-age advancement

· ↑ in ♀ <2 yo

· ↑ sensitivity to estrogen?  Ovarian cysts?  Environmental contamination?
· Some may progress to early puberty

· GnRH stimulation test

· Post-stimulation LH/FSH ratio >1 = precocious puberty

· Post-stimulation LH/FSH ratio < 1 = premature thelarche

· Autonomous ovarian function

· Gonadotropin-independent ↑ estrdiol
· ↓ secretion of GnRH

· Pre-pubertal levels of LH and FSH

· Usually 2° to ovarian follicular cysts

· Usually present after vaginal bleeding

· Autonomous testicular function

· ↑ serum T
· ↓ LH, FSH

· Asymmetric testicular enlargement → Leydig cell tumor?

· Symmetric testicular enlargement

· Precocious puberty, autosomal dominant

· HCG-secreting tumors

· McCune-Albright syndrome

· Pituitary Adenomas → LH/FSH (rare)


· 1° hypothyroidism

· TSH structure ≈ FSH structure

· TSH activates the FSH receptor → breasts, galactorrhea, menstrual bleeding, testicular enlargement

· Central/True precocious puberty

· Early activation of hypothalamic GnRH

· ↑ in ♀ (10:1)
· Predict CNS lesions: <6 yo, no pubic hair @ dx, serum estradiol levels >29 pg/mL
· Can be at different rates; those with rapidly progressive precocious puberty → rapid linear growth, early epiphyseal closure → short adults

· Tx

· Tonic stimulation of the GnRH receptor by GnRH analogues → pituitary-gonadal axis suppression

Lectures 16 and 17: Obesity

· Nearly 30% of Americans are clinically obese

· BMI = weight/height2
· Overweight = 25-29.9

· Obese = 30-35

· Tx

· Sibutramine (SNRI – 5HT and norepi reuptake inhibitor)

· Appetite suppressant

· ↑ BP

· Orlistat (lipase inhibitor)

· Blocks absorption of 1/3 of ingested fat

· Loose stools, flatulence, oily spotting

· Surgery

· Endocannabinoid CB1 receptor antagonists?
· Weight-related health risks

· Degenerative joint disease

· HTN

· DMII

· Sleep apnea

· Hyperlipidemia
· CAD

· Malignancy

· Depression

· Asthma

· DVT

· Obesity = inflammatory state

· Adipocytokines

· TNFα → insulin resistance

· IL-6

· TGF-β

· FFAs

· Angiotensinogen

· These lead to insulin resistance, endothelial dysfunction, HTN, artherosclerosis

· Obesity = glucose intolerance

· Abnormal insulin production/release

· Impaired insulin action

· Inflammation → insulin resistance

· Mechanism

· ↑ TNFα, IL-6, FFAs → JNK pathway → inhibit insulin signaling

· These cytokines also → NFκB → ↑ more inflammatory cytokines

· β-cell dysfunction

· FFAs and IL-1 → ↓ β-cell function

· Overstimulation of incretin and insulin release → burnout

· Incretins (GIP, GLP-1) prepare the body for the absorptive state

· GIP is synthesized in the duodenum

· GLP-1 is synthesized in the colon

· Both are released into the circulation after meal initiation, especially after carbohydrates → ↑ insulin production
· Bind to specific recptors on β-cells

· Chronic overactivity of this enteroinsular axis → DMII?

· Knock-out mice of both incretins → resistance to diet-induced obesity + preservation of insulin sensitivity

· Some glucose intolerance

· β-cell exhaustion?

· Glucose intolerance

· GLP-1 is no longer secreted quickly nor in adequate amounts

· GIP doles not work as well

· Tx

· Exenatide (from Gila Monster)

· GLP-1 analog → ↑ insulin in response to a meal

· Roux-en-Y Gastric Bypass

· Starvation

· ↓ FFA

· ↑ GLP-1 after surgery

· Visceral vs. subcutaneous fat

· Abdominal adipocytes → release ↑ FFAs → lipid deposition in the liver and muscle cells → inflammation → ↓ insulin sensitivity

· Also, ↓ adiponectin (an anti-inflammatory hormone)

Lecture 18: The Vitamins
· Vitamin C
· Reducing agent, anti-oxidant; recycled by glutathione

· Asparagus, Citrus fruits, broccoli, cauliflower, green peppers, kale, strawberries

· Functions

· Collagen synthesis – requires reduced Iron

· Carnitine synthesis – required reduced Iron

· Neurotransmitter synthesis

· Antioxidant → donates electrons and H+ to free radicals
· Deficiency

· Scurvy – bleeding gums, petechiae, sublingual hemorrhages, ecchymoses, purpura, ↓ wound healing, loose/decaying teeth, hyperkeratosis

· Vitamin B1 (Thiamin)
· Meat, legumes, whole grain, yeast, wheat germ

· Raw fish, coffee, tea, nuts, alcohol all ↓ metabolisis/absorption

· Functions

· Oxidative decarboxylation of pyruvate and α-ketoglutarate (glycolysis)
· Synthesis of NADPH (FA synthesis)

· Membrane and nerve conduction

· Deficiency

· Beriberi: diffuse muscle disease, anorexia, weight loss

· Wet beriberi: includes cardiac muscle

· Wernike’s encephalopahy

· ↑ in alcoholism and liver disease
· Liver disease = ↑ thiamin requirements

· Vitamin B2 (Riboflavin)

· Milk, eggs, meat, legumes

· Functions

· Electron transport chain

· Oxidative decarboxylation of pyruvate

· FA oxidation

· Synthesis of folate

· Deficiency

· Rarely in isolation

· Cheilosis, angular stomatitis, glossitis, swelling of mouth cavity

· Vitamin B3 (Niacin)

· Fish, beef, poultry, meat, cereal, grains, legumes

· Functions

· Co-enzyme (NAD, NADP)

· Deficiency

· Pellagra (necklace)

· Dermatitis (looks like sunburn around neck)
· Dementia

· Diarrhea

· Death

· Vitamin B6 (Pyridoxine)

· Bananas, beans, walnuts, steak, poultry, salmon

· Functions

· AA metabolism

· Deficiency

· Very rare


· Folic acid

· Green vegetables, legumes, liver

· For absorption to occur, polyglutamate tail must be enzymatically removed by intestional conjugase
· In the enterocyote, folate → tetrahydrofolate

· Functions

· Tetrahydrofolate accepts C groups during AA metabolism

· Sulfur AA metabolism → methylation → homocysteine

· Uses B12 as in intermediate methyl acceptor

· Purine/Pyrimidine synthesis

· Deficiency

· Megaloblastic, macrocytic anemia

· Hypersegmented polys

· Vitamin B12

· Only from animals: meat, poultry, fish, shellfish, eggs

· Cobalamins bind to IF → absorbed in terminal ileum

· ↓ absorption with age

· Functions

· Regenerates methionine

· Deficiency

· Usually from malabsorption

· Megaloblastic, macrocytic anemia

· Peripheral neuropathy

· Vitamin A

· Animal tissue, red/orange/yellow plants
· Functions

· Visual cycle

· Cell differentiation

· Deficiency

· Night blindness

· Corneal opacity

· Toxicity

· Anorexia

· Dry, itchy, desquamating skin

· Alopecia

· Ataxia

· Headache

· ↑ ICP

· Teratogen


· Vitamin E

· Free radical scavenger

· Plants, especially plant oils

· Functions

· Maintain plasma membranes by ↓ peroxidation of unsaturated fatty acids

· Terminates free radicals

· Deficiency

· Very rare

· Retinal degeneration, hemolytic anemia, muscle weakness, ataxia, peripheral neuropathy


· Vitamin K

· Plants, green leafy vegetables, legumes, vegetable oils

· Functions

· Important for factors II, VII, IX, I

· Initiate clotting cascade

· Deficiency

· Bleeding diathesis

Lecture 19: Acute complications of DMI and DMII
· Diabetic Ketoacidosis
· Dramatic result of severe insulin deficiency

· Hypokalemia → arrhythmia

· BG >250

· pH <7.3

· HCO3- <15mM

· ↑ in DMI, can occur in DMII
· Pathogenesis

· ↓ insulin → ↑ glucagon → ↑ lipolysis → ↑ ketogenesis → ↓ ketone body utilization (body becomes overwhelmed) → ketosis, acidosis, hypokalemia, ↓ O2 delivery to tissue (right shift on Hb curve)

· ↓ insulin → ↓ glucose utilization → hyperglycemia → osmotic diuresis → salt, water loss → dehydration, hypoperfusion

· Glucose threshold for reabsorption @ the nephron = 220 mg/dL

· Cautions with lab interpretation

· HCO3- and blood pH may be unexpectedly high 2° to chronic respiratory acidosis compensation
· K+ levels may be falsely high or normal 2° to acute cellular shifts; however,  these K+ ions are available for renal excretion and puts pt at ↑ risk for hypokalemia
· ↑ BUN/Crt 2° to volume depletion and ↓ RBF

· Tx

· Always start fluids first (while awating K+ levels)
· K+ repletion

· Insulin

· Don’t ever start before assessing K+!!!!

· Once BG reaches 250 mg/dL → administer 5% glucose

· Tx ppt cause

· Hyperglycemic Hyperosmolar Syndrome (HHS)

· ↑ in DMII

· BG >600

· pH >7.3 (can be <7.3 2° to lactic acidosis, uremia or ketosis)
· ↑ serum osmolality

· Pathophysiology

· Stress → ↑ counter-insulin hormones → hyperglycemia → osmotic diuresis → Dehydration → hyperglycemia → dehydration → hyperosmolality → altered consciousness

· Counter-insulin hormones: glucagon, cortisol, catecholamines, GH

· ↑ with failure to ↑ fluid intake xdays

· Tx

· Fluids first (isotonic or hypotonic)

· Insulin + glucose after BG=250 mg/dL
· K+ deficits are usually less than with DKA because of ↓ acidosis and vomiting

· Unique complications in DKA and HHS

· Persistent vomiting – DKA, gastroparesis

· Infection

· Acute renal failure – prerenal causes (↓ RBF)
·  ARDS
· DIC

· Cerebral edema (from rapid overhydration)

· Hypoglycemia

· Most common complication in DMI

· Sx

· Tachycardia

· Palpitations

· Shakiness

· Sweating

· ↓ ability to concentrate

· Blurry vision

· Hunger

· Diziness

· Confusion

· ↓ motor function

· Seizure

· Causes

· Too much insulin

· Delayed/inappropriate food intake

· Exercise

· EtOH

· Sulfonylureas

· Insulin + pramlitide

· Tx

· Draw blood for BG

· IV glucose

· +/- thiamin if alcoholic

· Supervise!
Lecture 20: Diabetes Treatment

· Sulfonylureas (e.g.: Glyburide)

· ↑ β cell insulin secretion

· Contraindicated in DMI

· SE
·  Hypoglycemia

· ↑ with EtOH

· Weight gain
· Possible ↑ CV mortality

· Glinides (e.g.: Nateglinide, Repaglinide)

· ↑ β cell insulin secretion

· Rapid onset of acton/shorter duration than sulfonylureas
· Allow more flexible meal schedules
· SE

· Similar to sulfonylureas

· Less likely to cause hypoglycemia


· α-Glucoside Inhibitors (e.g.: acarbose, miglitol)

· ↓ intestinal α-Glucoside → ↓ starch/sucrose digestion and absorption

· ↑ glucose to distal bowel → ↑ GLP-1 → ↑ insulin secretion, ↓ gastric emptying, 
↓ glucagons, ↓ appetite

· Contraindicated in IBD, colonic ulceration and obstruction
· SE:

· GI: flatulence, abdominal cramps

· Biguanide (Metformin)

· ↑ insulin sensitivity in liver, muscle, fat
· ↓ hepatic gluconeogenesis

· ↓ glucose absorption

· Appetite suppressant

· Contraindicated in those with renal insuffiency, CHF, liver disease, PVD (lactic acidosis), pregnancy, DMI
· Will NOT cause hypoglycemia on its own

· Takes 4-6 weeks to achieve full effect

· SE

· Abdominal cramps, nausea, diarrhea

· Lactic acidosis

· Thiazolidinediones (e.g.: Rosiglitazone, Piogiltazone)

· ↑ insulin sensitivity in fat and muscle
· ↓ FFA in plasma, muscle, liver → ↑ insulin sensitivity

· ↑ HDL

· Contraindicated in pregnancy, DMI, liver disease, severe  CHF

· May ↑ risk of MI?

· GLP-1 based Tx (e.g.:Exanitide)
· Injectable analog of GLP-1; Gila monster saliva

· ↓ gastric emptying, ↑ satiety, ↓ appetite, ↓ glucagon release

· SE: Nausea
· Does NOT cause hypoglycemia on its own


· DDP-4 inhibitors (e.g.: Sitagliptin)
· ↓ DDP-4, which normally breaks down GLP-1 and GIP

· Moderate efficacy, ↑ cost

· Amylin replacement (e.g.: Pramlintide)
· Amylin = neuroendocrine peptide that is co-secreted with insulin from β cells

· ≈ GLP-1; ↓ gastric emptying, ↑ satiety, ↓ appetite, ↓ glucagon release

· DMI → completely amylin deficienct

· DMII → partially amylin deficient

· Only for use in those who also use insulin
· SE

· ↑ risk for severe insulin-induced hypoglycemia

· N/V

· Anorexia

· Fatigue

· Dizziness

· Insulins

· Only Tx for DMI; necessary for life
· Basal vs. parandial doses

· SE

· Hypoglycemia

· Weight gain

· Lipodystrophy @ injection site

· Local allergic rxn (↓ with recombinant human analogs)

Lectures 21 and 22: Chronic Complications of Diabetes
· Oxidative damage
· Nerves, retinal and endothelial cells have GLUT1 insulin-independent glucose channels → no protection from hyperglycemia

· Chronic hyperglycemia → ↑ ROS → direct tissue damage & ↑ pathway activation

· Polyol pathway

· Aldose reductase reduces glucose → sorbitol in retina, schwann cells, and aorta

· Sorbitol cannot diffuse out; accumulation → ↑ π, etc.

· Osmotic sweeling

· ↓ Na+/K+ ATPase

· ↓ antioxidants

· Hexoasmine Pathway

· ↑ Glucosamine → ∆ transcription, ↓ muscle glucose uptake, ↓ NOS
· PKC Pathway

· ↓ vascular perfusion, ↑ permeability, ↓ NOS, ↑ angiogenesis, 
↑ inflammation, ↑ occlusion

· Advanced Glycation End-Product (AGE) Pathway

· Glucose breaks apart → Schiff base → irreversibly binds to proteins

· Collagen, Hb, albumin, lipoproteins (↓ LDL removal)

· AGEs → AGE receptor → ↑ inflammation

· AGEs found in lens, mesangial matrix, glomerular bm, nucleic acids, arterial walls, artheromatous plaques, nerves

· Retinopathy

· Non-proliferative

· Vascular tortuosity

· Capillary microaneurysms (2° to ↓ pericytes)

· Retinal hemorrhages

· Lipoprotein leakage → waxy, hard exudates; macular edema

· Microinfarts

· Preproliferative

· Venous beading

· Larger hemorrhages

· ↑ fragile, leaky vessels

· Soft exudates

· Proliferative

· Neovascularization of retina and optic nerve

· Vitreous hemorrhage

· Scarring/traction

· Retinal detachment

· Neovascular glaucoma

· Blindness


· Neuropathy

· Mechanisms

· Polyol pathway → π effects, ↓ ATPase activity
· Micovascular injury → ischemia

· ↓ Nerve GF

· Autoimmune injury

· ↑ ROS

· DRG and Schwann cells are particularly susceptible

· Subclinical

· No sx; abnormal conduction tests
· Focal

· Infarct

· Mononeuropathy

· Entrapment neuropathy

· Diffuse

· Proximal

· Difficulty rising from chair

· Proximal muscle weakness, wasting, thigh pain

· Distal Symmetric

· Insidious

· Usually mixed fiber

· Small fiber (symptoms)

· Sensory

· Pain – burning

· Autonomic dysfunction

· Dry skin

· Paresthesia

· Feels hot to pt
· Large fiber (signs)

· Motor

· ↓ motor function

· ↓ position sense

· ↓ touch/pressure sense

· Feels cold to pt
· Autonomic

· ↓ CV, vasomotor, smooth muscle contractility, GI/GU function

· Orthostatic hypotension

· Gastroparesis

· Sexual dysfunction

· ↓ sweating
· Dependent ulcers

· Nephropathy

· ↑ GBM thickness

· TGF-β → mesangial expansion

· Podocyte effacement

· Lumen compression

· Microalbuminuria → albuminuria → nephrotic syndrome
· Tx

· BP control

· No smoking

· ACE-I (stop cardiac remodeling, w/ or w/o HTN)
· ARBs

· Dialysis

· Transplant

· Macrovascular

· ↑ inflammatory response → ↑ atherosclerosis

· Usually associated with met syn, etc.

· HTN

· ↑ lipds

· ↑ coag

· Smoking

· Genetics

· DM

· CHF

· Glucose control may not be sufficient to stop/delay/reverse atherosclerotic process

· Only part of the story – HTN, lipids… all CV risk factors

· ↑ MI

· Intermittent claudication

· Ulcerations, necrosis, amputations
· Tx

· A1c < 7%

· BP < 130/80

· LDL < 100 (≤ 70 with macrovascular disease)

· HDL > 40 ♂, > 50 ♀

· TG < 150
