ACEM

PRIMARY EXAM

Practice Physiology Vivas

Endocrine Physiology
Katie Mills

Toowoomba Hospital
Describe the regulation of calcium in the body
· It is regulated by

· 1,25-OH-D3 – increases calcium absorption from the intestine

· Parathyroid hormone – mobilizes calcium from bone, and increases urinary phosphate excretion

· Calcitonin – inhibits bone resorption

· Glucocorticoids, Growth hormone, Oestrogens, Growth factors

· Total calcium = 1100g (99% in the skeleton)

· Plasma calcium = 10mg/dL (2.2-2.55 mmol/L) – 45% protein bound, 55% diffusible

· Actions of free ionized calcium

· 2nd messenger

· coagulation

· muscle contraction

· nerve function

· Bound calcium is proportional to the plasma protein level

· Ionised calcium is affected by pH, and other electrolytes

· Bone

· Readily exchangeable reservoir

· Movement of calcium that is plasma calcium-dependent
· Slowly exchangeable pool (much larger)

· Bone resorption / deposition

· Kidneys

· Large amounts filtered

· 98-99% reabsorbed – 60% in proximal tubule, 40% in ascending loop and distal tubule

· Distal tubule reabsorption is controlled by parathyroid hormone

· GIT

· Absorption involves calcium-dependent ATPase in the brush border, regulated by 1,25-OH-D3

· There is also some passive diffusion

· Decreased absorption occurs with

· Increased intake (saturate the transport mechanism, and decrease 1,25-OH-D3

· Substances that form insoluble salts (phosphates, oxalates)

· Alkali (form calcium soaps)

· Increased absorption with high protein diet
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Describe the formation of parathyroid hormone
· There are usually 4 parathyroid glands

· 2 types of cells in these glands – the Chief cells secrete PTH

· PTH is a linear polypeptide

· PreproPTH ( ProPTH in endoplasmic reticulum ( PTH in Golgi apparatus

Describe the actions of PTH
· Direct effect on bone

· Increased bone resorption

· Mobilise calcium

· Kidneys

· Increased phosphate excretion (decreased reabsorption in proximal tubule)

· Increased calcium reabsorption in distal tubule

· Increased formation of 1,25-OH-D3

· Intestine

· Increased calcium absorption (secondary to increased 1,25-OH-D3)

What is its mechanism of action on bone?
· It binds to a membrane receptor coupled to a G5 protein
· This activates adenylyl cyclase, and increased cAMP

· Increased permeability of osteocytes and osteoblasts to calcium in bone fluid – Calcium then enters osteoblasts, and is pumped into the extracellular fluid (this pump stimulated by 1,25-OH-D3

· Increased number and activity of osteoclasts

· Increased osteoblastic activity, but not sufficient to overcome increased osteoclastic activity

How is PTH regulated?
· Ionised calcium feedback on the parathyroid gland via calcium receptor

· 1,25-OH-D3 acts on the parathyroid gland, to decrease preproPTH

· Increased phosphate causes decreased calcium, which decreases 1,25-OH-D3, and so increases PTH

· Decreased Mg causes increased PTH

· Beta adrenoceptor causes increased PTH

Describe the anatomy of the adrenal cortex
· 3 zones (from outer to inner)

· Zona glomerulosa (15% of adrenal mass)

· Whorls of cells

· Formation of new cortical cells

· Zona fasciculata (50% of adrenal mass)

· Columns of cells separated by venous sinuses

· Zona reticularis (7% of adrenal mass)

· Network of interlacing cells

· All 3 zones produce corticosterone

· Zona glomerulosa produces aldosterone

· Zona fasciculata and Zona reticularis produce cortisol, sex hormones

Describe the mechanism of action of mineralocorticoids
· Aldosterone is the major mineralocorticoids.  Corticosterone exerts minor mineralocorticoids effects.

· They act on intracellular mineralocorticoids receptors, as with all steroids.

· This increases Na-K ATPase molecules

· Also increases Amiloride inhibitable sodium channels

· Result

· Increased active transport of sodium from the cells – therefore increasing diffusion of sodium out of urine, sweat, saliva, gastric juice.

· In the kidney, this effect is primarily on cortical collecting duct.  There is an increased exchange of sodium for H & K in the tubules.

· In brain and muscle, there is increased K and decreased sodium in cells.

Describe the mechanism of action of Glucocorticoids
· They bind to the glucocorticoid receptor in the nucleus, which transforms to expose DNA binding domain.

· Binding to DNA promotes transcription of certain segments of DNA.  This produces mRNA, and so forms proteins (eg. enzymes) that produce the effect.

What are the end results of their action?
Metabolic
· Increased protein catabolism

· Increased hepatic glycogenesis and gluconeogenesis

· Increased Glucose-6-phosphatase activity

· Increased plasma glucose

· Anti-insulin effects in all peripheral tissues except the heart and brain

· In diabetics, increased plasma lipid and increased ketone bodies

Permissive Action
· Ie. Glucocorticoids essential for effect, but don’t produce the effect themselves

· Glucagon and Catecholamines – calorigenic effects

· Catecholamines – lipolysis, pressor response, bronchodilation

Water Metabolism
· Ability to excrete water load (via increased GFR and decreased ADH)

Blood Cells / Lymphatic Organs
· Decreased eosinophils, basophils, lymphocytes

· Increased neutrophils, platelets, red blood cells

How are Glucocorticoids regulated?
· ACTH is required for basal secretion and response to stress.

· With ACTH stimulation, there is prompt increased secretion of Glucocorticoids

· It also sensitizes the adrenal to further ACTH

· There is a circadian rhythm of ACTH secretion

· Irregular outbursts of ACTH, maximal in the morning.

· Response to stress

· The amount of ACTH released during stress exceeds the amount needed for maximal glucocorticoid secretion.

· Stress causes Corticotropin Releasing Hormone release in the median eminence of the hypothalamus.  This is transported to the anterior pituitary, where it stimulates ACTH release.

· Afferent pathways to the median eminence cause release due to fear, emotional stress, and anxiety. 

· Ascending pathways from nociceptors and the reticular formation cause ACTH release secondary to injury.

· Feedback

· Free Glucocorticoid causes decreased ACTH via the pituitary and hypothalamus.  The effect is via DNA, so takes several hours to occur.

Describe the synthesis and secretion of thyroid hormones
Synthesis
· Iodide is absorbed as iodide, and taken up by the thyroid (and kidneys) by active transport.

· Iodide is then oxidised to iodine, and bound to tyrosine (using thyroid peroxidase), to form monoiodotyrosine (MIT), some of which binds further iodine to form  diiodotyrosine (DIT)

· These then combine

· DIT + DIT = T4 + Alanine

· MIT + DIT = T3 + Alanine

· DIT + MIT = rT3 + Alanine

Secretion
· Colloid is reabsorbed, and globules merge with lysosomes.  This releases T3, T4, MIT, DIT into the cytoplasm

· Iodotyrosine deiodinase removes iodide from MIT & DIT, but not T3 or T4.  This iodide is reutilized
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Describe the metabolism of the thyroid hormones
· Free T3 and T4 are in equilibrium with the protein-bound fraction in both plasma and tissues.  It is this free T4 level that is controlled by feedback.

· They bind to 3 plasma proteins – Albumin, thyroxine-binding prealbumin (TBPA) and thyroxine-binding globulin (TBG) – mostly to TBG

· T4 is 99.98% protein bound
· T3 is 99.8% protein bound

· T4 is broken down:

· 1/3 to T3

· 45% to rT3

· T3 and rT3 are metabolized to diiodothyronines

· There are 5 different 5’deiodinases

· I – converts T4 to T3 in plasma

· II – converts T4 to T3 in tissues

· III – converts T4 to rT3

· T4 and T3 are conjugated in the liver, and excreted in bile.

Describe the mechanism of action and effects of the thyroid hormones
· T3 binds to a receptor in the nucleus (T4 does too, but not as avidly).  This hormone-receptor complex binds to DNA, and increases the expression of certain genes.

· The effect of T3 is more rapid and more potent than that of T4

Effects
· Increased BMR

· Increased oxygen consumption due to
· Increased metabolic rate

· Increased activity of Na-K ATPase (but this is not the sole cause for increased oxygen consumption)

· Increased protein / fat catabolism if food intake is not increased
· Increased heat production, leading to cutaneous vasodilation

· Tachycardia, increased pulse pressure – increased cardiac output

· Increased vitamin usage

· Essential for normal menstrual cycles / fertility

· Nervous system effects

· Rapid mentation, irritability, restlessness (secondary to increased response to Catecholamines)

· Decreased reaction time for reflexes

· Heart

· Increased number and affinity of beta receptors (therefore increased inotropic / chronotropic effects of Catecholamines)

· Skeletal muscle

· Muscle weakness secondary to protein catabolism in hyperthyroidism

· Catecholamines – increased effects of these

· Carbohydrate metabolism – increased absorption from GIT, but no increase in BSL

· Cholesterol metabolism – decreased cholesterol

· Growth and development – potentiate effect of growth hormone on tissues.

· Increased 2,3-DPG in red cells – increased oxygen dissociation.

Describe the regulation of thyroid hormones
· They are controlled by Thyroid Stimulating Hormone (TSH)

· Increased with TRH (Thyrotropin releasing hormone) and drop in temperature

· Decreased with free T3, T4; stress

· TSH has alpha and beta subunits.  Its biological activity depends on glycosylation of these subunits (this is increased by TRH)

· Effects of TSH

· Increased iodide binding / trapping

· Synthesis of T3, T4 and iodotyrosines

· Secretion of thyroglobulin into the colloid

· Endocytosis of colloid

· Increased blood flow

· Feedback

· T3 and T4 (primarily T3) act on the hypothalamus and the pituitary

· They initially block secretion, then synthesis.

· During stress, there is decreased TRH

· Glucocorticoids, Dopamine, Somatostatin all decrease TSH

Conjugates





T4


80 mcg









































Thyroid


-





+





-





+





+





-





+





Ca





PO4





Bone & Intestine





1,25-OH-D3





24,25-OH-D3





25-OH-D3





PTH





rT3


38 mcg





T3


31 mcg





80 mcg





2 mcg





4 mcg





27 mcg





38 mcg





17 mcg











PAGE  
104

