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I. Biosynthesis of Thyroid Hormones

A. Secretion of T4 and T3; Transport of thyroid hormones:  free concentrations usually stay the same due to feedback, if don’t stay the same that’s when you get disease; Peripheral conversion of T4 to T3 by deiodination; T3 more active than T4, higher affinity for its receptor

B. T3 exerts its effects by being released from the plasma binding protein, enters cell, binds to receptors in the nucleus, turns on transcription of various gene products to cause their affects

II. Primary effects of T4/3

A. Maintain normal growth, development, temperature and energy

B. Development nervous, skeletal, and reproductive tissues via regulation of protein synthesis

C. Deficiency in pre and or post natal period: irreversible mental retardation, dwarfism, in children with hypothyroidism must replace T3/4 with higher doses

D. Increased metabolism:  increases metabolism of drugs, will increase metabolism of digoxin and may need to increase dosage of digoxin

E. Enhances SANS:  increased the beta receptors, CV tachy, tremor, excessive sweating

III. Thyroid hormone interactions

A. amiodarone: has iodine in structure, can release some iodine and interfere with thyroid function causing hyper or hypothyroidism

B. antidiabetic drugs:  hyperthyroidism increased metabolism of insuline, so hyperthyroidism produces hyperglycemia (diabetogenic), must readjust medications

C. Morphine: metabolized by enzymes which are affected by thyroid hormones, if patient hypothyroid patients very sensitive to morphine, low doses can cause respiratory arrest and death, so if hyperthyroidism must give more morphine, but its less clinically dangerous than hypothyroidism

D. Anticoagulants:  increased metabolizing clotting factors

E. Digitalis: if start thyroid therapy, may increase its metabolism as well, so may need to increase dose of digitalis

F. Catecholamines: enhanced in hyperthyroidism, particularly in the heart, will have greater effect than normal, will have more beta receptors than normal

G. Ketamine: enhances effects of catecholamine released by ketamine, marked tachycardia and hypertension, esp if hyperthyroid with more beta receptors

H. These are the major drug interactions, you can read through others in the handout for more information

IV. Hypothryoidism

A. Know symptoms and signs

B. Treatment:  replacement therapy with daily oral dose of either T4/T3, one might think that T3 would be preferable because it’s the most potent, but the side effects, if you give too much T3, what would be the side effects, hyperthyroidism, but so because of the fact that T4 is converted to T3, you give T4 levothyroxine

C. Levothyroxine (Synthroid)

1. Infants with hypothryroidism, increase dose rapidly, less concerned with cardiac toxicity, more concerned about improving cerebral development

2. Patients with cardiac abnormalities, must slowly titrate up the doses to avoid cardiac toxicities

D. Liothyronine

1. Short term suppression of TSH

2. Not used for replacement therapy

E. Liotrix:  4:1 ratio of T4/3, that’s the approximate ratio in the body

F. Thyroid desiccated (armour thyroid):  from animal sources, but probably shouldn’t give it because of antigenicity

G. Adverse effects:  hyperthyroidism, increased cardiac output, bad for someone with heart failure

V. Hyperthyroidism (thyrotoxiciosis)

A. Etiology: Graves’ disease:  TSI, mimics effects of TSH

B. Diagnosis:  FT4/3 high, TSH low, increase I uptake

C. Thyroid storm

1. sudden increase in hyperthyroid symptoms, sudden high release of T4/3, and you see a large increase in the symptoms, and as it says this can be a high mortality rate, get severe fever, sweating, tachycardia, increased stimulation of the heart, marked agitation, delirium, coma, this is the big thing you’re worried about with hyperthyroidis

2. important treat quickly, bring the T4/3 down

3. other things can do, cardiac toxicity dangerous, so to prevent tachycardia can use beta blockers, adjunctive therapy, but commonly used, another case where might see thyroid storm, during surgery, if decide to take out thyroid gland, why might you see the thyroid gland, I think we talked about this pheochromocytoma last semester, so when you are touching the gland, can induce a release by manipulating it, many treatments require days to decrease synthesis of hormone, or block release of hormone, or block the peripheral conversion, and some do kind of both, so ones that block the synthesis, won’t be useful on thyroid storm, because they take days to work, what will continue to cause thyroid storm, the hormone that’s already there, this blocks synthesis of new hormone, but already have lots of preformed hormone

D. Treatment of hyperthryroidism

1. Thioamides (antithyroid agents)

a. interfere with synthesis of T4/3

b. inhibits peroxidase catalyzed reactions: no good for thyroid storm, because takes time, clinical response delayed for 3-4 weeks

c. PTU interferes with peripheral conversion of T3/4: has use in thyroid storm, therefore PTU more useful over methimazole in thyroid storm because of this MOA

d. two major drugs:  propylthiouracil (PTU) and methimazole (tapazole)

e. both cross placent and secreted into milk: not contraindicated, but the preferable agent is actually PTU, because it seems more protein bounds, so less can cross through placenta or into breast milk

f. radioactive iodine can’t give in pregnancy, so essentially, during pregnancy or breast feeding, PTU is the DOC even though some gets cross placenta or into breast milk

g. Given orally

h. Goal: until hyperthyroidism into spontaneous remission, does not cure grave’s disease because doesn’t affect immune system TSI

i. Adverse effects:  skin rashes, lupus like symptoms, rare hepatotoxicity, life threatening agranulocytosis >0.6% patients, but because of potential lethality, something to remember about these drugs and will see some evidence of infection such as sore throat and/or fever

j. Advantages and disadvantages of antithyroid drugs: will talk about during the discussion

2. I131 radioactive iodine

a. how does iodine get to the tissue where want to work, does it diffuse in, no, there’s transporters, people afraid of using radioactive material, what about causing cancers, largely because of specificity, largely because transporters in the thyroid gland

b. don’t give to pregnant woman because crosses the placenta and will be taken up into the thyroid gland of the fetus which is important for development, so probably not going to be teratogenic, defects in development, very similar things with breastfeeding

3. Surgery:  talk about tomorrow in discussion

4. Adjuncts

a. Iodine: lugol’s solution

i. blocks thyroid release, useful in thyroid storm, because works quickly, prevents release of hormone already stored

ii. MOA of blocking release unknown, possible negative feedback mechanism with such high doses

iii. few side effects, metallic taste, skin rashes, rare

iv. before thyroidectomy will increase firmness and decreases vascularity of thyroid gland

b. Iodinated contrast media

i. Rapidly inhibits conversion of T4/3 so useful in thyroid storm

ii. Blocks the release of thyroid hormone because iodine of contrast material and now free iodine, just like the iodine from lugol’s solution will block release of thyroid hormone

iii. So has kind of two effects

c. Beta blockers:  propranolol (inderal)

i. Symptomatic relief, while waiting for some of the other drugs to take effect

ii. So presumably, patient with sever hyperthyroidism, give beta blocker to stop SANS symptoms, then add lugol’s solution or iodinated contrast media to block release or conversion of hormones, then start on tapazole or PTU but those take longer to work, then make decision, will go for surgery, radioactive treatment, or maintain on PTU for possibly years until get remission

d. Corticosteroids

i. Immunosuppression, so major cause of hyperthryoidism was graves’ disease

ii. Dermopathy:  symptoms of the hyperthyroidism with inflammation of the skin, give topical

iii. Ophthalmopathy:  inflammation fo the eye can also be treated

iv. Thyroid storm: blocks conversion just like PTU and iodinated contrast media

v. In summary, hypothyroidism replaced with T4, can attack the problem several different places, one production of hormones with PTU/tapazole, one with release like lugol’s, peripheral conversion with PTU/corticosteroids/iodinated contrast material, or treat the symptoms inflam with corticosteroids or cardiac symptoms with beta blockers

vi. Tomorrow, discussion largely related to why you would want to choose one over the other, that’s the advantages

