Bone and Mineral Metabolism Pharmacology
Anti-resorptive agents in decreasing order of potency:

1.  Bisphosphonates

2.  Estrogen (or selective estrogen receptor modulators (SERMs))


3.  Calcitonin

These all uncouple bone formation and resorption, allowing formation to proceed faster.

Vitamin D

Cholecalciferol (Vitamin D3) from dermal synthesis; more potent than Ergocalciferol (D2,plants)

Blood 25(OH)D levels are the best test of D level

Calcitriol - 1,25(OH)D is the active form, stimulates GI Ca++ absorption and:

· regulates cell growth (cancer prevention) and immune function

· calcium, blood pressure, insulin, heart disease, diabetes…

· onset is 1-3days ( indicated for:

· Acute hypocalcemic emergencies (other hypocalcemia just use D3)

· Renal failure (can’t synthesize)

Sources – sunlight, supplements. Current RDA of 400IU too low, recommend 1000IU/day (safe)

Deficiency – especially in limited sunlight exposure, aging, dark skin, obese (D binds fat)

**Bisphosphonates are first-line inhibitors of bone resorption for treatment of osteoporosis, 
Paget’s Disease, Hypercalcemia of Malignancy, and metastatic bone disease.
--Non-nitrogenous bisphosphonates such as Etidronate halt osteoclasts by incorporating into 
their ATP.

--Nitrogenous bisphosphonates such as Alendronate and Zoledronate inhibit farnesyl-PP-synthase 
in the mevalonate pathway.  This blocks protein prenylation, causing osteoclast apoptosis.

Potency:  Etidronate (oral) < Alendronate (oral - Fosamax) < Zoledronate (IV)
Dosing: bone sequestration ( very long halflife. Alendronate once/month, IV Zoledronate 1/year!
Bisphosphonates are the only anti-resorptive drug that decreases hip fractures.
Analogs of inorganic pyrophosphate; binds to hydroxyapatite crystals on bone
Bisphosphonates are sequestered in bone as it is remodeled, and persists there for years.  It may 
become buried as new bone is laid over dead osteoclasts.  This buried drug is not 
pharmacologically active.  Only recently administered drug is active.
Bisphosphonates have extremely low GI absorption, especially with food.

Toxicities:
-esophageal irritation: DOSE IN MORNING on empty stomach, STAY UPRIGHT

-flu-like symptoms with first-time IV therapy


-hypocalcemia (baseline hypocalcemia is contraindication)
Estrogen

Estrogen increases production of osteoprotegrin (OPG), which binds “receptor activator of 
nuclear factor Kappa-B ligand” (RANKL) on osteoblasts.  This prevents osteoclast maturation.
Estrogen is involved in bone anabolism in both men and women.
SERMs such as Raloxifene and Tamoxifen have combinatorial effects in different tissues.  

Their action is extremely complex, but in bone they also bind RANKL.
SERMs reduce the risk of breast cancer.
Toxicities: 
--thromboembolism (all estrogen analogs / OCPs are pro-coagulants)
Calcitonin is made by thyroid C cells.  It inhibits osteoclasts.

Useful treatment in hypercalcimia of malignancy – rapid effect via urine exretion


Nasal admin ( nasal irritation, epistaxis, …

PTH can be given to stimulate bone formation.  
Continuous exposure ( osteoclast bone resorption (standard response to hypocalcemia) 

Intermittent exposure causes opposite response ( bone deposition (stim osteoblasts)

PTH is the only anabolic bone drug ( boosts osteoblast maturation and mineralization.  
PTH is used to treat osteoporosis.
Contraindications: history of skeletal malignancies (risk of osteosarcoma) or hypercalcemia.
Thiazide diuretics treat hypercalciuria and kidney stones by decreasing urinary calcium excretion.
BMP-2 – bone morphogenic protein 2 – used in ortho/spinal surgeries; stimulates bone formation and required for fracture healing

Treatment of (acute) Hypocalcemia – 
+/- HYPOphosphatemia ( probable vitamin D deficiency
- Stabilize calcium IV, replace vitamin D (calcitriol for short term, D3 takes longer to kick in) 

- In setting of renal failure, must give only calcitriol (can’t 1-hydroxylate)

Hypomagnesemia – impairs PTH secretion / action – use IV magnesium acutely

With HYPERphosphatemia (looks like PTH deficiency which is only acute after surgery)
(acute) ( phosphate overload – must lower phosphate first


(chronic) ( classic renal failure symptoms – reduce phosphate and give calcitriol

Treatment of Hypercalcemia – acute: treat with IV bisphosphanate; calcitonin can be useful too


- glucocorticoids useful, especially in hematologic / granulomatous diseases
Denosumab-  anti-RANKL monoclonal – similar performance to alendronate (Fosamax)
