HORMONES REGULATING CALCIUM BALANCE:

Parathyroid Hormone (PTH): 
Function: rapidly increases ionized serum Ca2+
1. First, rapid phosphate loss from proximal tubule of kidney 

2. Increased Ca2+ uptake by distal tubule of kidney 

3. Stimulation of resorption of bone mineral, increasing serum calcium phosphate (phosphate is then lost, see step 1) 

Synthesis: chief cells of parathyroid gland

1. Pre-pro-PTH (ER) ( proPTH (golgi) ( 84 a.a. peptide (stored in granules) ( secreted and metabolized at kidney and liver (amino terminal 1- 34 is bioactive) 

Control: free ionized serum Ca2+ (inhibitory) 
· Ca2+ sensor detects serum Ca2+ drop, no longer stimulated; downregulates coupled Gq – PLC pathway (DAG/IP3) and decreases intracellular Ca2+ stores.  RESULT: increased PTH transcription

PTH Action: Cellular Mechanisms: 

1. PTH binds 7-tm PTH-R, Gs-coupled, causes activation of adenylate cyclase and increase in intracellular [cAMP] 

2. Minor pathway through Gq and PLC (PKC activation) 

Cellular Targets of PTH: 

1. Osteoblasts: (osteoblasts lay down bone matrix) binds PTH-R. Causes osteoclasts to resorb bone matrix.  RESULT: increase in serum Ca2+ and phosphate.  
2. Proximal tubule cells: internalization of NaPi II (sodium phosphate co-transporter) from apical membrane, causing phosphate loss.  RESULT: rise in ionized plasma Ca2+ because less is complexed with phosphate as CaPO4.  Phosphate wasting in urine.

3. DCT and CCT: hyperpolarization of apical membrane, increasing probability of ECaC (non-selective cation/calcium channel) being open.  RESULT: increased Ca2+ resorption (least important).  

Pathology:

DiGeorge Syndrome: hypofunction of parathyroid, leads to hypocalcemia (hypoparathyroidism) 

Parathyroid Adenoma: hyperfunction, leads to hypercalcemia (hyperparathyroidism) 
Calcitonin (CT): a minor player
Function: rapidly decrease ionized plasma Ca2+ 
· Peak activity is 1 hour after increase in plasma Ca2+ or after meals (anticipatory) 

1. Decreases bone resorption (osteoclast activity)

2. Increases Ca2+ loss in kidney

Synthesis: C-cells of thyroid (parafollicular cells) 

1. Prohormone ( (cleavage) ( 32 a.a. peptide with disulfide bridge between 1st and 7th residues and amide block at COOH-terminal

Control: long-term high Ca2+ stimulates release, but not short-term; Mg2+ stimulates release

· Ca2+ sensor on C-cells detects serum Ca2+ increase, Gs-coupled increase in cAMP and Ca2+ influx through L-type Ca2+ channel, causes degranulation and release of CT  

Calcitonin Action: Cellular Mechanisms:

1. CT binds 7-tm CT-R, Gs-coupled, causes activation of adenylate cyclase and increase in [cAMP] 

Cellular Targets of CT:

1. Bone: binds osteoclast CT-R, Gs pathway, increasing [cAMP], and osteoclasts shrink and decrease resorption (basis of nasal CT spray for osteoporosis treatment).  RESULT: decreased bone resorption.  

2. Thick Ascending Limb (TAL): decreased paracellular uptake of Ca2+ by decreasing electrical driving force (mechanism unknown).  RESULT: decreased Ca2+ reuptake.  

3. DCT and CCD: increase in intracellular Ca2+ or decreasing potential difference inhibit ECaC opening.  RESULT: decreased Ca2+ reuptake.  

1 alpha, 25-dihydroxyvitamin D3 (1,25(OH)2D3):  

Function: increase total body stores of Ca2+ and phosphate (and probably magnesium) 

Synthesis: 

DBP: serum globulin protein that carries Vitamin D precursors and metabolites in circulation 

1. 7-dehydroxycholesterol formed in liver, becomes vitamin D3 via UV exposure in skin (half-life of 30 days in circulation).  

2. Unregulated hydroxylation of D3 in liver to become 25(OH)D3.  Half-life is several hundred hours.

3. Final hydroxylation in kidney to active form, 1alpha, 25(OH)2D3.  Step is PTH-dependent.  Half-life is a few hours.  Final hydroxylation is promoted by: low serum Ca2+ , high PTH, low CT, low 1,25(OH)2D3.  

4. Note: if opposite conditions, both liver and kidney forms are hydroxylated at position 24 to yield much less active forms (24, 25(OH)2D3 and 1,24,25(OH)3D3).  

Control:

· Active form synthesis increases sharply with small decreases in serum Ca2+ just below physiological range of 10 mg/dL 

· More sensitive to serum Ca2+ than PTH 

· If serum phosphate drops, active form of vitamin D increases (not as sharply as for Ca2+ drops; set-point is 8 mg/dL).  This is a PTH-independent stimulus. 

Cellular Mechanisms of Action:

1. 1,25(OH)2D3 binds VDR (nuclear vitamin D receptor), which dimerizes with RXR (retinoid receptor), then attaches to VDRE (vitamin D response element) via zinc finger DNA-binding domain ( transcription 

Cellular Targets:

1. Bone: (major target) promotes bone mineral deposition, increases transcription of type I collagen in osteoblasts, alkaline phosphatase.  RESULT: increased bone mineralization.  

2. Duodenum: Increased transcription of CaT1 (ECaC2) and calbindin D9.  RESULT: increased Ca2+ absorption.  

3. Small intestine: Increased transcription of NaPi-IIb channel. RESULT: increased phosphate absorption.  

4. CCD and DCT: Increased transcription of ECaC and calbindin D28.  RESULT: increased Ca2+ reabsorption. 

5. Proximal tubule: Increased NaPi-IIa transcription.  RESULT: increased phosphate reabsorption.  

