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Chapter 8: Hormonal Control of Calcium and Phosphate 
CALCIUM COMPARTMENTS OF THE BODY 

Most Ca- in bone (99%) is in equilibrium with interstitial fluid (free unbound free Ca- bioactive Ca), which is in equilibrium with plasma Ca (half- free active Ca, half- bound to protein, not active)

Free Ca- regulate precisely- equal in interstitium and plasma (1.5 mM)

Qs- If pt’s total Ca plasma- lower than N, no sings of hypoCaemia. You should measure total plasma protein. if protein - elevated, total Ca- elevated

if protein – down, total Ca- down, but free Ca is not down or up
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RELATIONSHIPS BETWEEN CALCIUM AND PHOSPHATE 
Whether calcium and phosphate are laid down in bone (precipitate from solution) or are resorbed from bone (CaPO4 go into solution) depends upon the product of their concentrations rather than their individual concentrations. 

When the product exceeds a certain number (solubility product or ion product), bone is laid down. 

[Ca++] x [PO4] > solubility product = bone deposition 

infusion P individual, then P increase- significantly, then Ca*P > sol prod = precipit form sol = free plasma Ca decrease

hyperPemia- HypoCaemia

When the product is below the solubility product, bone is resorbed 

[Ca++] x [PO4] < solubility product = bone resorption 

kidney is damping significant PO4 in urine= low plasma PO4= Ca*PO4< sol. prod = CaPO4in the solution- raise free Ca plasma

What is regulated so precisely is free Ca++, not phosphate, and hormonal control of free Ca++ is almost entirely via parathyroid hormone 

System allow phosphate to change in order to regulate free Ca
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PARATHYROID HORMONE (PTH) 
Released from the parathyroids in response to lowered interstitial free Ca++ 

In fact the only important physiological signal regulating release of PTH is free Ca++ 

Function is to raise free Ca++ which it does so by several mechanisms 
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Actions of parathyroid hormone that raise free Ca++ 

Fast actions of PTH 
· Increases Ca++ reabsorption in the distal tubule of the kidney 
· Decreases phosphate reabsorption in the proximal tubule (decrease CaP – promote bone resorb)
· Increases the exchange of calcium from interstitial fluid pool surrounding bone (Ca from the solution to the general interstitium) 
Bone cells 
· Osteoblasts (deposit bone) arise from osteoprogenitor cells of mesenchymal origin 
· Osteocytes are osteoblasts which become entrapped in mineralized bone 
· Osteoclasts (resorb bone) arise from monocytes which migrate to bone 
Blast and clast – functional unit. Resorb- both activated, depositing- both activated
The receptors for parathyroid hormone are actually on the osteoblasts, not the osteoclasts. 

PTH- Receptor- osteoblasts- signal to osteoclasts- resorption 

Slower actions of PTH 
· PTH slowly increases the formation and activity of osteoclasts which resorb bone Ca++ 
· PTH increases the formation of 1,25 di OH D3 (active vit. D) in the proximal tubules (activate 1-a-hydroxylase)
Longterm problem- PTH action. Plasma Ca> bone ca. you’re always resorb bone mass in order to maintain plasma Ca (even 50% or more of bone is resorbed)



152965 >>> 0:20:09 

SLIDE 5 of 7 
Calcitonin – minor hormone
· Calcitonin is a peptide hormone secreted by the parafollicular cells (“C” cells) of the thyroid (C cells migrate to thyroid, so Calcitonin not a thyroid hormone)
· Is released in response to elevated free calcium 
· Lowers plasma calcium by decreasing the activity of osteoclasts, thus decreasing bone resorption (osteoclasts has receptors for calcitonin) 
· Calcitonin is not a major controller of Ca++ in humans (if you lose calcitonin – no significant in plasma Ca)

Summary of the Effects of Plasma Ca++ on PTH and Calcitonin Secretion (Figure IX 8-4). 

If plasma Ca< 10 mg/dl – PTH

If plasma Ca> 10 mg/dl – Calcitonin
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FUNCTION OF BONE CELLS IN THE REMODELING OF BONE 
· Bone is undergoing continual remodeling throughout life 
· Turnover is faster in younger individuals 
· More remodeling occurs in low density bone than in compact or high density bone 
2 steps in bone remodeling:

1. Osteoclasts- resorb bone

2. Osteoblasts- deposit bone
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BONE REMODELING 
Though poorly understood, weight-bearing stress increases the mineralization of bone 

If you lie- gravity effect- you loss bone mass- lose Ca in urine- lose bone mass

If you walk- mineralization – 

The absence of weight-bearing stress promotes the demineralization of bone
· Plasma Ca++ tends to be in the upper region of normal 
· Plasma PTH decreases 
· Urinary calcium increases 

Indices can be utilized to detect excess bone demineralization and remodeling: 
· Increased serum alkaline phosphatase, an enzyme associated with osteoblastic activity 
· Increased urinary excretion of hydroxyproline, a breakdown product of collagen (osteoclasts)













