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I. Review

A. 22 hours of endocrine physiology, and pathology and pathophysiology

B. so we know much more than he knows by now

C. endocrine system works in conjunction with the autonomic system, we talked about autonomic system last semester, but really they are all controlled by the hypothalamus, so they are kind of like sister systems, autonomic rapid, versus endocrine hormonal which is slower, but they work together to do the same thing, homeostasis, waste is gotten rid of, make sure that growth proceeds at normal rates, etc, both controlled by the hypothalamus

D. the hypothalamus, has two different mechanisms, by which hormones released, posterior pit projection from hypothalamus into posterior pituitary, and into anterior hypothalamus

II. MOA

A. G protein couples receptors

1. GHRH, GnRH, CRH, ACTH, FSH, LH, TSH: activate adenylate cyclase

2. Dopamine: inhibit adenylate cyclase to decrease prolactin release, D2 receptors inhibit adenylate cyclase

3. Somatostatin: activated postassium channel to inhibit GH release, as well as other hormones, right, so this is kind of, somatostatin is think of inhibitory hormone, because if activate potassium channel, the cell hyperpolarizes, so just like in neuron, the release of these neuropeptides depends on depolarization, so hyperpolarize cell you inhibit release

4. TRH: stimulates phosopholipase C and increases Ca to cause release of TSH, Ca just like neurotransmitter release, it will release hormone, TSH, in this case

B. Receptors for GH and prolactin are cytokine receptors

1. cytokine receptors, put these figures for your enjoyment

2. GH and prolactin are cytokine receptors, the way these receptors work, is they have 2 different monomers or receptor, and when GH or prolactin come in between receptor, these dimerize together, and you get tyrosine phosphorylation, which you must remember, which ends up turning on various genes, with effects on metabolism, growth, differentiation, I don’t know if they would ever ask you, but it works through the JAK-2 kinase, I don’t know if you’ll ever be asked that, but the main mechanism works through tyrosine kinase receptors, autophosphorylation, turns on genes, final effects on metabolism, and growth, etc

3. so don’t bother memorizing all the details

III. Growth regulation

A. GH (somatotropin, GH)

B. GHRH: released by hypothalamus

C. Somatostatin (also called growth hormone-inhibiting hormone) and its analog octreotide (sandostatin)

IV. GH (somatotropin)

A. Kinetics

1. Undetectable in serum because has very low levels, stark contrast with replacement therapy with GH give larger doses

2. Short half life

B. Recombinant human GH

1. 1995 extracted from pituitary of cadavers, problem was they were getting CJD

2. Somatotropin is recombinant GH

3. Somatrem: same thing, just added extra methionine, no difference, probably just to market differently

4. Given subcutaneous, 36 hour blood levels, larger than endogeneous growth hormone

V. Effects of GH

A. Biphasic direct metabolic effects

1. Initial insulin-like effect:  increased glucose and amino acid uptake, decreased lipolysis

2. After 2-3 hours insulin antagonism:  decreased glucose uptake, increased lipolysis (diabetogenic)

B. Indirect

1. Increase longitudinal bone growth by stimulating synthesis of somatomedins or insulin-like growth factors (IGFs) particularly in liver and growth plate cartilage which then increase cartilage growth

VI. Disorders of GH

A. Hypersecretion

1. Acromegaly (adults):  tumors

2. pituitary gigantism (children)

B. Hyposecretion

1. Pituitary dwarfism children

2. Hypothalamic or pituitary:  accidents, surgery, radiation

3. PITI gene defect: deficit in hypothalamic GHRH

VII. Clinical Uses

A. Major use is replacement, or suppression, and then they have some sort of side uses, but most of them are replacement

B. Children

1. First must diagnose that they have deficiency, because normal distribution of growth rates

2. If growth below normal 4 cm/year, and if they fail to secrete GH to 2 GH secretagogues, insulin induced hypoglycemia, that will cause release of hormone, levodopa, like they use in parkinsonism, now increase GH secretion, so if they don’t get an increase in GH, then they probably need replacement

C. Adults:  if lost problems in lipolysis, without GH tend to be very obese, low muscle mass, because need GH to stimulate muscle growth

D. GH-responsive states

1. Normal variant short statue: more controversial, if parent thinks that child is small, can give him something to grow

2. Turner’s syndrome

a. One of the aspects of turner’s syndrome is short stature

b. Must use higher levels of growth hormone, that often will cause increase in crease

VIII. Adverse effects

A. Children

1. rare increased intracranial pressure

2. scoliosis with rapid growth

B. adults

1. peripheral edema

2. myalgias and arthralgias, especially in the wrists

IX. Contraindicated in patients with malignancy

A. Despite no increased incidence of tumors

B. Maybe will grow faster, although no evidence in tumor growth, but generally physicians just to be safe will not use it

X. GHRH

A. Major control of GH release

B. GHRP (growth hormone releasing peptides)

1. Not original GHRH, these are synthetic analogs

2. Same effects, just this is synthetic

3. Sermorelin (Geref):  given IV or subcut, but don’t orally take because would digest

4. Most peptide analogs must be given IM/IV, some intranasally

C. Diagnostic use

1. Determine if GH deficiency is due to hypothalamic or pituitary insufficiency

2. Hypothalamic: we give GHRH, and we should see an increase in GH

3. Pituitary: we give GHRH, we shouldn’t see an increase, although according to Katzung, even though pit fine, may have to give several doses of GHRP to see increase, it works better to see the increase, then you know its hypothalamic problem

XI. somatostatin (growth hormone inhibiting hormone)

A. limited therapeutic usefulness

1. short half life, 1-3 minutes

2. inhibits other neuropeptides: glucagons, insulin, gastrin

3. started synthesizing other peptide analogs, looking for ones with logner half lives, with less effect on other hormones

B. Octreotide (sandostatin – statin like somatostatin)

1. analog of somatostatin

2. longer half life: 80 minutes

3. less inhibition of insulin, so selectively inhibits GH release

4. can give with slow release microspheres, IM q 4 weeks

C. clinical uses

1. acromegaly:  too much growth hormone, want to inhibit amount of GH released can use octreotide

2. vasoactive intestinal peptide secreting tumors and carcinoid syndrome

a. Diarrhea more threatening than cancer which grows slowly, probably die of diarrhea if don’t treat it

b. Somatostatin inhibits release of these peptides, so will stop the diarrhea, prevents secretion by preventing, hyperpolarizes cell through activation of K channels

3. Esophageal varices

a. Control bleeding

b. Indirect causes splanchnic vasoconstriction by inhibiting the release of vasodilatory hormones like glucagons to decrease portal flow

D. adverse effects

1. bradycardia: possibly by decreasing secretion of NE in heart

2. gallstones

3. GI disturbances

XII. Thyroid gland regulation

A. Thyrotropin-releasing hormone (TRH)

1. Rare used to diagnosis thyroid disorders: because more sensitive tests used, clinically easier to just measure thyroid hormone levels

B. Thyroid stimulating hormone (THS)

1. Only for diagnosis for metastatic thyroid cancer, so thyroid tumors can metastasize to other areas of the body, if give radioactive treatment, and think you cured it all, you’ve stimulated the iodine, can run scan to find radioactive iodide is and can locate other tumors

XIII. Adrenal gland regulation

A. Corticotropin-releasing hormone (CRH)

1. If someone had adrenal insufficiency, would give them corticosteroids directly, rather than trying to stimulate the proceses, so that’s why they are not very useful

2. Used for diagnosis of excess cortisol secretion

3. Cushing’s disease: CRH increases ACTH

4. Ectopi ACTH secretion: CRH no effect

B. diagnostic use only

1. adrenal insufficiency

2. late-onset congenital adrenal hyperplasia

3. parenteral ACTH not used since corticosteroids used orally

XIV. gonadal regulation

A. GnRH

1. Gonadorelin acetate (lurepulse)

2. Pulsatile administration stimulates gonadotropin release:  for replacement therapy FSH/LH

3. Continuous administration inhibits gonadotropin release: to suppress FSH/LH

4. Clinical uses

a. Diagnosis delayed puberty

i. LH increase: normal

ii. No LH increase: hpogonadotropic hypogonadism

b. Infertility: pulsatile

i. Stimulation of LH/FSH secretion (by pulse pump)

ii. HCG given to induce ovulation and maintain luteal phase

iii. Males need to be pretreated with HCG to stimulate testosterone production and masculinization

5. Adverse effects

a. Headache

b. Nausea

c. Flushing

B. GnRH analogs

1. Longer acting and higher potency than GnRH

2. Used for suppression

3. Leuprolide

4. Nafarelin: nasal solution

5. Gosereline: implantable cylinders

6. MOA

a. Initial increase in LH/FSH

b. After two weeks downregulates receptors causing medical castration

7. clinical uses

a. prostatic cancer: initial increase in gonadal hormone secretion can be detrimental, cause pain

b. precocious puberty: if want to delay puberty

c. uterine fibroids: to decrease growth of fibroids

d. endometriosus

8. adverse effects

a. women

i. hot flushes and sweating (89%): MOA not sure, seems to have something to do with estrogen feedback into hypothalamus

ii. headaches (29%)

iii. risk of osteoporosis from prolonged use: postmenopausal women particularly when decrease estrogen

iv. decreased libido

b. men

i. initial increase in pain from prostatic bone metastases, initially, until get to suppression then the pain goes away

ii. hot flushes and sweating

iii. edema: sodium retention from kidneys

iv. decreased libido

v. gynecomastia: because changing ratio from testosterone to estrogen

9. contraindications

a. pregnancy and breast feeding

b. inhibits estrogen testosterone production which is needed for normal sexual development of the fetus or child in the case of breast feeding

C. FSH-like activity

1. Only FSH activity

a. Follitropin beta (Follistim – think of follicle stimulation, made of FSH)

b. Urofollitropin:  isolated from urine of postmenopausal women (think urine similar to urofollitropin)

2. Both GSH and LH activity:  Human menopausal gonadotropin (HMG)

3. Updating drug lists in pharm course, updating course objectives, last made 1990

4. clinical uses:  infertility

a. women

i. produces follicular development and maturation

ii. hCG IM added to induce ovluation: so adding each hormone as physiologically added

b. men

i. hCG pretreatment stimulates masculinization and testoserone production

ii. hMG added to stimulate spermatogenesis

iii. hCG is like LH, hMG is like FSH, so if you remember in physio what LH and FSH do, you’ll be fine

5. adverse effects

a. ovarian enlargement (20%)

b. hyperstimulation syndrome: ovarian enlargement, ascites, hypovolemia

c. multiple births (20%): when induce ovluation, might release more than 1 ovum

d. hemoperitoneum from rupture cysts

e. gynecomastia: in men, not women

D. LH activity only

1. LH (no preparationof LH is available)

2. instead have compounds with LH like activity, from urine of pregnant women

3. Human chorionic gonadotropin (hCG)

a. Almost identical to LH

b. Produced by human placenta stimulates the ovarian corpus luteum to produce progesterone and maintain placenta

c. Purified from urine of pregnant women and given as IM injection

d. Stimulates production of gonadal steroids

4. clinical uses

a. infertility: with menotropins

b. cryptorchidism: testicles do not descend, is child delayed, or does have gonadal development problem, so if give HCG, get rise in LH, and should get some descent, then you know its just a normal delay, and can wait and will be fine, if don’t get increase in LH then probably problem with gonadal tissue

c. regression of AIDS-related kaposi’s sarcoma:  don’t know MOA, so another fact to memorize

5. adverse effects

a. headache

b. edema

c. precocious puberty

6. contraindications

a. androgen-dependent cancer

b. precocious puberty

