Chapter 13 – Thyroid Hormones
STRUCTURE

· Large

· ~20g

· Goiters (disease state) ~ 100+g

· Location:  Neck

· 2 lateral lobes connected by an isthmus

· In some adults, there is a remnant called a pyramidal lobe

· Vestigal ( from development

· Develops from endoderm
· Diverticular from developing alimentary canal (aka gut)
· Functional unit is a follicle

· Hollow spheres of cells

· INSERT DIAGRAM

· Central lumen is filled with colloid composed of a protein called thyroglobuilin (TG) (precursor for thyroid hormone)

SYNTHESIS OF THYROID HORMONES

· Thyroxine (T4)

· INSERT DIAGRAM

· Synthesized from 2 molecules of diiodotyrosine (DIT) (Tyrosine with iodines)

· Alanine as byproduct

· INSERT DIAGRAM
· Triiodothyronine (T3)

· INSERT DIAGRAM

· Synthesized from 1 molecule of monoiodotyrosine (MIT) and DIT

· Cell biology of thyroid hormone synthesis

· Uptake of iodide from extracellular space

· Involves Na+/I- cotransport

· Sodium is moving down its concentration gradient

· Iodide is moving up its concentration gradient

· Na+ gradient is maintained by Na+/K+ ATPase

· Costs ATP

· Iodide trapping

· I- oxidized to reactive intermediate
· Identity unclear

· Maybe a free radical

· Caltalyzed by Thyroid Peroxidase

· TG (thyroid globulin) from the rough ER is iodinated at tyrosine residues, which makes up about 5% of TG (occurs at the luminal surface of the ER)

· Example protein:  ~~~MIT~~~DIT~~~DIT~~~DIT~~~MIT~~~ through coupling becomes ~~~MIT/DIT~~~DIT/DIT~~~MIT still inside lumen
· TG endocytosed by follicular cells
· Vesicle fuses with lysosome and T3 & T4 molecules are cleaved out of TG by lysosomal enzymes

· Leave the cell by simple diffusion

TRANSPORT AND METABOLISM OF THYROID HORMONES

· T4 is the most abundant thyroid hormone in the blood (50X more than T3)
· Target cells for thyroid hormone have enzyme capable of monodeiodination so that T4 becomes T3 
· T3 may be the hormone with primary biological activity

· Experiment
· Inject with *T3 or *T4

· Separate blood by electrophoresis

· Look for *T3 or *T4 relative to proteins

· Most T4 associated with TBG (Thyroid Binding Globulin)
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· Inactivation occurs in the liver and kidneys

· Deiodination abolishes biological activity
PHYSIOLOGICAL EFFECTS
· T4 most abundant; T3 probably most biologically relevant (10X more potent)

· Required for maintenance, integrity, and function of many tissues; permissive effects for actions of other hormones
· Required for normal growth and development

· E.g. = Long bones, Flat bones, Teeth, Nervous system

· TH stimulates secretion of growth hormone (GH) from pituitary

· TH ( {pituitary} ( GH ( {target}

· TH also has direct effects on targets

· TH required for proper arborization and myelination of neurons

· TH mediates the release of Nerve Growth Factor (NGF)

· Unknown if it is through direct means or a mediary

· Deficiency of TH during development ( “cretinism”

· Short in stature

· Mental retardation

· Often caused by insufficient iodine in diet of mother

· Iodized salt has largely compensated for this in western countries

· TH stimulates the synthesis of hyaluronidase

· Hyaluronic acid (HA) is component of the extra cellular matrix (ECM)

· HA concentration gradient is greatest in proliferating tissues

· HA concentration gradient is low in the matrix of tissues that are differentiating 

· Hyaluronidase breakes down HA

· TH regulates metabolic rate

· Energy metabolism/unit time

· O2 consumption

· Heat production

· Data

GROUP


BASAL METABOLIC RATE (BMR)
Normal adult male

35 - 40 cal/m2/h

(euthyroide)

Hypothyroid (low)

20 – 25 cal/m2/h

Hyperthyroid (high)

60 – 65 cal/m2/h

· How does TH regulate metabolism?

· Increase Na+/K+ ATPase activity

· Increases the number of Na+/K+ molecules and burns ATP
· Increase activity of enzymes involved in oxidative phosphorylation (cellular respiration)

· Miscellaneous

· Increase glucose uptake from gut and increases uptake of glucose by target cells

· Stimulates protein anabolism

· Catecholamine-like effects on the heart (increase the number of adrenergic recptors in heart)

· Regulates metamorphosis in amphibians

· Stages

· Premetamorphosis – rapid cell proliferation and growth

· Prometamorphosis – decrease (slowing) of proliferation, increase differentiation

· Climax – tail resorbed, gut shortens, limbs grow, gills ( lungs

· T3 titer

· INSERT FIGURE
· 1912 – Gudernatsh

· Fed bits of horse thyroid tissue ( premature metamorphosis ( tiny frogs

· Tadpole ( Thyroid-X ( no metamorphosis ( giant tadpoles

MECHANISM OF ACTION OF THYROID HORMONES
· steroid hormone-like action

· crosses plasma membrane by simple diffusion

· INSERT FIGURE

· binds nuclear receptor

· increases transcription of new proteins

· e.g. = Na+/K+ ATPase, hyaluronidase

· possible alternative mechanism of action

· increase amino acid uptake by muscle cells

· increases protein anabolism

· also see some very rapid effects (within minutes)

REGULATION OF THYROID HORMONE SYNTHESIS
· Thyroid stimulating hormone (TSH)

· Glycoprotein from anterior pituitary

· TSH binds to receptor on follicular cells

· Increases cAMP 2nd messenger

· Effects of TSH

· Acute
· Increase in iodide uptake

· Increase in thyroid peroxidase

· Increase in endocytosis of TG

· If prolonged exposure

· Hyperplaysia – cell proliferation

· T4 feeds back to pituitary and hypothalamus to suppress TSH production

· INSERT FIGURE

PATHOLOGIES OF THE THYROIDE GLAND
· Hypothyroidism – decreased production of thyroid hormone

· Symptoms

· Generalized lethargy, malaise, no E

· Cold sensitive

· Myxedema (dry swelling)

· Due to deposition of glycosaminoglycans (long, unbranched polysaccharides from build up in hyaluronic acid) in intracellular space

· Found in 2% of females (probably an underestimate)

· Causes
· Primary hypothyroidism – disorders of the thyroid gland itself (autoimmune destruction)

· Secondary hypothyroidism – problem at pituitary or hypothalamus (abnormal TSH levels)

· Simple (endemic) goiter

· Uncommon in US

· Due to lack of iodine in diet

· No T4/T3
· Increase in TSH secretion

· Hyperplaysia of thyroid follicles

· Hyperthyroidism – increase in circulating levels of thyroid hormone

· ~ 2% of adult females

· Symptoms

· Hyperactivity
· Irritability

· Increase in heart rate

· Increase in sweating

· Increase in body temperature

· Exopthalmus – protruding eyes

· Most common type is Grave’s disease

· Autoimmune disease

· Body produces antibodies that bind TSH receptor and activate it 
· Treatment

· Drugs

· Radiolabled iodine
