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Feedback mechanisms—hormones usually deal with negative feedback mechanisms

The nervous system and the endocrine system are functionally related to each other.  There are at least 2 glands that secrete in response to nervous stimuli, the adrenal medulla and the pituitary gland.  

Pituitary and hypothalamus:


Also called the hypophysis is physically located in the cella tursica (a small depression at the base of sphenoid bone) is connected to the hypothalamus by the hypothalamic-hypophyseal stalk, in which is located the HH portal system.  Physiologically the pituitary is divided into an anterior (adeno) and a posterior (neuro) part.  Anatomically it is difficult to tell the two parts from each other.  The anterior division develops from epithelial tissue and its cells are epithelial in appearance.  The posterior pituitary develops from the hypothalamus and its cells are glial nervous system-like cells.  


The anterior pituitary has a special cell type for each major hormone.  Somatotropes are the cells associated with growth hormone.  Corticotropes are the cells associated with ACTH, Thyrotropes with TSH, Luteotropes are associated with prolactin and Gonadotropes are associated with FSH and LH.  Various types of hyperplasia (abnormal growths) can develop within one cell within pituitary gland and affecting that hormone, only that region, not necessarily others.  


There are six important hormones that are associated with the anterior pituitary.  They are all involved in metabolic control throughout the body:

1. GH – involves growth, most importantly has an effect on protein synthesis
2. ACTH – adrenocortico tropic hormone affects the adrenal cortex and specifically has an effect on the metabolism of carbohydrates, proteins and fats.

3. TSH – thyroid stimulating hormone affects the activity of the thyroid gland

4. PROLACTIN – affects the mammary glands and milk development

5. FSH and

6. LH – gonadotropes, affect the growth of gonads and reproductive function

Posterior Pituitary **2 hormones secreted from the posterior pituitary but synthesized in the hypothalamus** (test Q)

1. ADH –vasopressin; increases water reabsorption, higher blood pressure

2. Oxytocin – associated with milk let-down; release of milk and uterine parturition.  

Control of the release of anterior pituitary hormones is by releasing factors (hormones) from the hypothalamus.  Control of the posterior pituitary hormones is by nerves from the hypothalamus.  These nerves are unique, in that they DO NOT conduct action potentials.  

The HH portal system is an intricate network of blood vessels between the hypothalamus and the anterior pituitary.  The major factors of the hypothalamus include:

1. TRF – thyroid releasing factor (hormone), which causes the release of TSH from the anterior pituitary.

2. CRF (H)- corticotropin releasing factor, causing the release of ACTH from the anterior pituitary.  

3. Two antagonistic factors GHRF and GHIF- GHRF is growth hormone releasing factor, causing the release of growth hormone from the anterior pituitary and growth hormone inhibiting factor inhibiting the release of growth hormone.  **GHIF is also called somatostatin 
4. LRH – Luteotropic releasing hormone (gonadotropin releasing hormone) affects the release of the gonadotropins, FSH and LH.  

5. PROLACTIN INHIBITING FACTOR – inhibits the release of prolactin from the anterior pituitary.  There is a prolactin releasing factor, only released during and toward the end of pregnancy and continues to be released during breast feeding.  Typically inhibiting factor being released.  

Growth Hormone

GH is the only hormone of the anterior pituitary that exerts its effects on almost every cell and tissue in the body.  Works where the receptor proteins are, tissues that have receptors for it.  GH also called somatotropic hormone is a small protein that promotes hypertrophy (size of existing cells) and hyperplasia (increase of cell number) of all tissues in the body capable of growing.  Aside from the general effect of causing growth, GH affects proteins in the following way:

1. Proteins – GH increases the rate of protein synthesis in all cells of the body by: 

a. Promoting the transport of most amino acids into the cells

b. Acting directly on the ribosomes of the cells to increase protein synthesis
c. Reducing protein catabolism (breakdown)
2. Fat – causes the release of fatty acids; increasing the concentration of fatty acids in body tissues.  GH also enhances the conversion of fatty acids to acetyl-coA with its subsequent use for energy.  (aerobic metabolism)

3. Carbohydrates – GH decreases the use of glucose by the cells, secondly enhances glycogen deposition, as a result, GH tends to increase blood glucose levels.  

4. Insulin – Insulin and carbohydrates are necessary for growth hormone to be effective because insulin enhances amino acid transport into the cell in the same way it enhances carbohydrate transport.  

5. Bone and cartilage – GH DOES NOT cause a direct growth effect on bone and cartilage.  GH acts indirectly on bone and cartilage by stimulating the liver to form several small proteins called somatomedins.  The somatomedins cause the deposition of minerals needed for the growth of bone and cartilage.  Once the epiphyseal plates have formed in long bone you can no longer get growth in the length of a long bone but you can increase the thickness of long bone due to growth below the periosteum (membrane surrounding bone).  Therefore, excessive GH once the epiphyseal plates have formed, long bone growth stopped, cannot increase height, but can cause a disproportionate growth in the thickness of long bones as well as continued growth in membranous bones.  (ex: jaw bone, is membranous, can grow; nasal bones; skull bones)

Regulation of secretion of GH 

Basic control of GH is via GHRF and GHIF.  GH is secreted throughout life but its rate of secretion decreases with age.  Its level of secretion is associated with our state of nutrition and our level of stress.  

Thyroid Hormone
Thyroid gland is located below the pharynx on either side of and anterior to the trachea synthesizes and secretes three hormones:

1. Thyroxine (T4) –tetraiodothyronine

2. Triiodothyronine (T3)

3. Calcitonin

T3 and T4 basically both do the same thing and their secretion is controlled by TSH (anterior pituitary).  90% of what is released from thyroid is in the form of T4, 10% is T3.  T3 acts 4x more rapidly than T4.  T4 is a backup to T3.  

The thyroid gland is composed of closed follicles whose cells secrete thyroglobulin into the follicle.  T3 and T4 are part of the thyroglobulin molecule.  **The thyroid gland has a blood flow that’s equivalent to 5x its weight each minute. In order for the gland to manufacture T4, about 50 mg of iodine must be ingested each year, which is why table salt is iodized.  Iodine is absorbed from the GI tract and excreted very rapidly by the kidney.  Only 1/5 (20%) of iodine ingested is taken up by the thyroid gland to form T4.  
T3 and T4, within thyroglobulin, is stored in the follicles for several months, which is why when the thyroid gland stops functioning its effects are not immediately noticed.  Huge backup inside the cells.  When thyrooglobulin is released from the gland, T3 and T4 are broken off and released as free hormone.  

Functionally, they both do the same thing.  1 molecule of T3 for every 10 of T4.  They:

1. increase the overall metabolic rate

2. in children, cause growth

They do not increase the metabolic rate of:

1. brain

2. retina

3. spleen

4. testes

5. lungs

Protein – increase protein synthesis by the ribosomes of cells; also increase RNA synthesis by the genes in the nuclei.  Hand in hand is the fact they dramatically increase the concentrations of intra-cellular enzymes associated with carbohydrate metabolism, increase the rate of carbohydrate metabolism.  Cause hypertrophy and hyperplasia of mitochondria (size and number) in cells.  With extremely high levels of T3 and T4, oxidative phosphorylation is uncoupled and we get a decrease in ATP synthesis and an increase in heat production.   People with overactive thyroids are typically warm.  

Regulation of its release is via TSH from anterior pituitary.  TSH increases the breakdown of thyroglobulin, releasing T3 and T4.  It also increases the rate at which the thyroid gland traps iodine and increases the size and number of thyroid cells.  TSH release is under the control of TRH from the hypothalamus.  
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*Several levels of control 

Adrenocortico Hormones

Secreted from the adrenal glands and remember each adrenal gland has both a cortex and a medulla.  The inner medulla which comprises about 20% of the gland (smaller portion) synthesizes and secretes the catecholamines, epinephrine and norepinephrine.  Its function is related to the sympathetic division of the ANS and it responds to autonomic stimuli.  

The outer cortex secretes several hormones collectively called corticosteroids because they are synthesized from cholesterol.    Two major hormones associated with the adrenal cortex are classified as mineralocorticoids  b/c of their effect on extracellular potassium and sodium concentration and glucocorticoids b/c of their effect on blood glucose.  In addition to those two, a small amount of androgenic hormone with similar effects to testosterone are secreted from the adrenal cortex.  In a similar way, the adrenal cortex, histologically (tissue standpoint) is divided into three zones.

1. Outer zone – the zona glomerulosa and that zone synthesizes and secretes aldosterone, primary mineralocorticoid

2. Middle region- the zona fasiculata and that zone associated with synthesis and secretion of glucocorticoids, like cortisol.  

3. Innermost region – the zona reticularis synthesizes and secretes mainly androgens.  

Outer region and aldosterone:

Aldosterone causes sodium reabsorption and potassium secretion by the cells of the DCT and the beginning of the CD- sodium conservation and potassium loss.  An increase in levels of aldosterone in the blood decreases sodium loss to a few mg a day.  Without aldosterone secretion at all, total blockage, we get an increase in sodium loss, as much as 20 mg per day.  At the same time, we get massive potassium conservation.  Of interest, a large increase in aldosterone release increases the sodium concentration in the ECF only a small amount because at the same time sodium is being reabsorbed, water is reabsorbed.  ECF volume then increases as well, water reabsorption.   

Potassium

The excessive of loss potassium associated with aldosterone release can drop potassium levels to between one and two milli-equivalents per liter.  Normal potassium is 3.5-4.5.  When ECF potassium falls to ½ its normal value severe muscle weakness develops due to the change in the electrical properties of muscle and nerve cells.  Essentially action potentials are prevented, hypocalemia.  In a resting cell there’s more sodium outside than inside and more potassium inside than out; if potassium is higher inside that out, leaves and makes inside of cell more negative-hyperpolarizes the cell.  

Hypercalemia – high potassium, without aldosterone, potassium increases in the ECF and when it reaches 2x its normal level, we get cardiac toxicity, associated with decreased myocardial contractility, arrhythmias, and possible death.  Aldosterone secretion is regulated based on ECF potassium concentration.  When potassium levels rise, the cells of the zone glomerulosa (outer layer of adrenal cortex) secrete aldosterone to decrease potassium levels.  Aldosterone regulation is based on potassium levels in the ECF.  Aldosterone release also has a renin-angiotensin component.  Elevated renin and angiotensin are found with elevated levels of aldosterone.  

Glucocorticoids
Secreted from the zona fasiculata is primarily cortisol.  The effects of cortisol on carbohydrate metabolism include:

1. Stimulating gluconeogenesis by the liver in the following ways:

a. Increases the production of all of the enzymes that are needed to convert amino acids into glucose.  

b. Cortisol mobilizes amino acids from extra hepatic areas, places other than the liver, making more amino acids available to the liver for gluconeogenesis. 

**Get an increase in liver glycogen, storage form of glucose.  

2. Decreases glucose utilization by the cells.  Decreases glycolysis, breakdown of glucose by the cells. An increase in blood glucose concentration (adrenal diabetes)

Cortisol on proteins – 

1. Reduces protein stores in all body cells except in the liver.  This is caused by a decrease in protein synthesis and increase in protein catabolism.  In extreme cases, with a tremendous excess of cortisol, muscle tissue becomes so weak that standing from a seated position becomes extremely painful.  

Cortisol on fats –

1. Cortisol mobilizes fatty acids from adipose tissue thereby increasing plasma-free fatty acid concentration and subsequently using those fatty acids for energy.  

Role of cortisol in blocking the early stages of the inflammation process

1. Stabilizes lysosomal membranes thereby preventing the release of proteolytic enzymes that would cause inflammation.  

2. Cortisol decreases the permeability of capillaries therefore there is less fluid leakage from the capillaries which helps to reduce inflammation.  

3. Cortisol depresses the ability of WBCs to phagocytize tissues and so there is less release of inflammatory chemicals.  

4. Cortisol suppresses Tcell activity therefore there are fewer Tcells and antibodies entering the area of inflammation which reduces tissue reactions to these chemicals.

5. Cortisol reduces fever and reduces vasodilation.  

Cortisol is also released during any stressful situation, whether physical or neurogenic.  Examples: post-surgery, any trauma, infection, etc.  

Regulation –

Its regulation is almost entirely by ACTH.  (not the case with aldosterone)  

Pancreas

Pancreas composed of two types of tissue, digestive tissue, synthesis of digestive juices; endocrine tissue in the islets of Langerhans.  The pancreas contains about a million of these islets and the islets contain alpha cells which synthesize and secrete glucagons, beta cells which synthesize and secrete insulin, and delta cells synthesizes and secretes somatostatin.  

Effect of insulin on carbohydrate metabolism –

Insulin causes glucose uptake and storage by the cells of the liver in the following ways:

1. Insulin inhibits the activity of phosphorylase, which is the enzyme that causes liver glycogen to split into glucose.  So there is no breakdown of glycogen in the liver.    

2. Insulin enhances the activity of glucokinase, the enzyme that phosphorylates glucose into glycogen. 

3. Insulin increases the activity of phosphofructokinase and of glycogen synthetase; both of these enzymes are associated with polymerizing glucose into glycogen.  

Between meals, with lower levels of insulin, we get the release of stored glycogen from the liver.  Because between meals, blood glucose levels go down so there’s a decrease in insulin release and all of the reaction are reversed. Insulin also promotes glucose metabolism in muscle tissue and it does this by facilitating glucose transport through the muscle cell membrane.  Of significance is the fact that brain cells are permeable to glucose without insulin.  

Insulin and fat metabolism –

Insulin acts as a fat sparer, it causes fat synthesis in the liver.  Insulin inhibits the action of hormone sensitive lipase, which results in less fat being released to the blood stream from adipocytes. Interestingly, without insulin, fat storage is almost completely blocked.  

Insulin and protein metabolism – 

Insulin causes the active transport of the amino acids valine, leucine, isoleucine, tyrosine, and phenylalanine into the cells.  As a result, insulin causes the synthesis of new proteins and inhibits catabolism of protein.  

Insulin control-

Based directly on blood glucose levels.  Elevated blood glucose, leads to elevated insulin release; which increases carbohydrate metabolism, which decreases blood glucose, which decreases insulin release which switches us over to fat metabolism.  

Glucagon-

Basically does the exact opposite of insulin.  Its secreted by the alpha cells, it increases blood glucose, and glucagon is sometimes called a hyperglycemic factor.  Operates using the 2nd messenger, cAMP mechanism of action because it is the best studied of cAMP cascade in the body.  Its control is negative feedback.  As blood glucose falls, glucagon secretion increases, which increases blood glucose, which decreases glucagon secretion.  

**Glucose is the only nutrient that can be used by the brain, the retina of the eye, and the germinal epithelium of the gonads.  

Parathyroid Glands –

Usually one on each lobe behind the thyroid glands, they contain chief cells that synthesize and secrete parathormone.  PTH causes calcium and phosphorus absorption from bone, by causing osteolysis (bone breakdown).  PTH also causes the activation of osteoclasts while it decreases osteoblastic activity.  

Control-

Under the direct influence of ECF calcium concentration.  

Calcitonin
Calcitonin, which is synthesized and secreted by the parafollicular cells of the thyroid, decreases blood calcium concentration by decreasing osteolytic activity, and by increasing osteoblastic activity.  Its control is also based on ECF calcium concentration.  Calcium is important in muscle cell contraction, cardiac muscle activity, blood coagulation, and important in the function of neuromuscular junctions and synapses, important in the skeletal system.

