----------------------------------------------------------------------------------------------Thyroid hormones
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Thyroid Hormones

Nature:

  They are amino acid derived hormones derived from tyrosine amino acid & produced by thyroid gland under effect of TSH from anterior pituitary , which is in turns under control of TRH from the hypothalamus. 

Biosynthesis of throid hormones:
1. Iodine uptake and concentration by cells of throid follicles via active transport in the form of iodide ion (I_).

2. Oxidation of iodide ion (I_) into the higher value (I+).

3. Iodination of tyrosine residue of thyroglobulin at position 3 & 5 to form mono-iodo-tyrosine (MIT) & di-iodo-tyrosine (DIT).

N.B: Thyroglobulin is a high molecular weight glycoprotein synthesized in the basal parts of cells of throid follicles & stored in follicular space of throid follicle.

4. Oxidative coupling of DIT & MIT to form tri-iodo-thyronine"T3" & two molecules of DIT to form tetra-iodo-thyronine " T4".

5. Under effect of TSH , thyroglobulin is phagocytosed by follicular cells & hydrolyzed by lysosomal enzymes into free T3 &T4 to be secreted into the blood where it binds to throid binding globulin "TBG" & prealbumin.

N.B: Although plasma level of T4 is more than T3 but T3 has the following properties:

1. bound loosely to plasma proteins.

2. two & half times more active than T4.

3. of more rapid onset of action. 


Mechanism of action: 

It belongs to group-I hormones with nuclear  intra cellular receptors.
Functions:  
1. Carbohydrate metabolism:

a. It increase glucose absorption from the intestine .

b. It increase glycogenolysis , gluconeogenesis & glucose oxidation.

2. Protein metabolism:

a. Under physiological condition : it increase protein synthesis " protein anabolism" with positive nitrogen balance.

b. At higher level : it increase protein catabolism with negative nitrogen balance.

3. Lipid metabolism:

It decrease plasma level of fatty acids and cholesterol because the rate of fatty acid oxidation & cholesterol catabolism is more than lipolysis & cholesterol synthesis. 

1- Vitamins :

It is important for hepatic conversion of β-carotene to vitamin A.
Tests for assesement:

By radioimmunoassay measurment of :

1- Plasma TSH.

2- Free and total T3 &T4.

Hormones of adrenal Medulla

Embryology and Structure: 

- The adrenal medulla is derived from neural crest.  The mature human adrenal gland weighs 5 - 7g, and the medulla makes up about 10% of its weight.

Biosynthesis of catecholamines: 

- The catecholamine hormones are norepinephrine and epinephrine.

- They are synthesized in the chromaffin cells of the adrenal medulla and collections of these cells are also found in the heart, liver, kidney, gonads, adrenergic neurons of the postganglionic sympathetic system and central nervous system.  

- The major product of the adrenal medulla is epinephrine.  It constitutes about 80% of the catecholamines in the medulla, and it is not made in extramedullary tissue.  In contrast, most of the norepinephrine presents in organs.

- The conversion of tyrosine into epinephrine requires four sequential steps: ring hydroxylation, decarboxylation, side chain hydroxylation and N-methylation. 

Storage and release of catecholamines:

- The chromaffin granules capable of the biosynthesis, uptake, storage, and secretion of catecholamines. Neural stimulation of adrenal medulla releases norepinephrine and epinephrine by a calcium-dependent exocytotic process, stimulated by cholinergic and (-adrenergic agents and inhibited by (-adrenergic agents.

- Epinephrine leaves adrenal to liver and skeletal muscle and then is rapidly catabolized.  Catecholamines in plasma are in a loose association with albumin.  

Regulation of synthesis of catecholamines: 

- Stimulation of the splanchenic nerve, which supplies the preganglionic fibers to adrenal medulla results in release of catecholamines. Also, norepinephrine synthesis increases after acute stress.
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Function and mechanism of action: 

- Three of these adrenergic receptor subgroups are coupled to the adenylate cyclase system.  Hormones that bind to the (1 and (2 receptors activate adenylate cyclase, whereas hormones that bind to (2 receptors inhibit this enzyme.  The (1 receptor modulates intracellular calcium concentrations and/or modify metabolism of inositides.

- Activation of protein phosphorylation by cAMP-dependent protein kinase accounts for many of the biochemical effects of epinephrine.  

- In muscle, and to a lesser extent in liver, epinephrine stimulates glycogenolysis by activating a protein kinase that activates the phosphorylase.  And also, phosphorylation of glycogen synthase decreases glycogen synthesis.  In heart muscle, epinephrine increases cardiac output by increasing the force and rate of contraction, which are also related to increased cAMP.

- In adipose tissue, epinephrine increases cAMP, which activates hormone-sensitive lipase promoting lipolysis and release of fatty acids into the circulation.  These fatty acids serve as energy source in muscle and activate gluconeogenesis in liver.

- In the stressful (tight or flight) conditions epinephrine causes:

i. Rapidly provides fatty acids as the primary fuel for muscle action.

ii. Mobilizes glucose as an energy source for the brain by increasing glycogenolysis and gluconeogenesis in the liver and by decreasing glucose uptake in the muscle and other organs.

iii. Decreases insulin release, which prevents glucose uptake by peripheral tissues and thus preserves it for the central nervous system.

Pathophysiology of the adrenal medulla:

- Pheochromocytomas: Are tumors of the adrenal medulla that are usually not detected unless they produce and secrete enough epinephrine or norepinephrine to cause a severe hypertension syndrome.  The ratio of norepinephrine to epinephrine is often increased in pheochromocytoma.  This may account for differences in clinical presentation, since norepinephrine is thought to be primary responsible for hypertension and epinephrine for hyper-metabolism.

Catabolism and Excretion:

- They have an extremely short biologic half-life.  Very little epinephrine is excreted in the urine.  Catecholamines are catabolized by catechol-O-methyl-transferase (COMT) and monoamine oxidase (MAO) into inactive O-methylated and deaminated metabolites that are excreted in urine as above and below for dopamine.
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