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.

**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 < Alendronate < Zoledronate
Bisphosphonates are the only anti-resorptive drug that decreases hip fractures.
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



--flu-like symptoms with first-time IV therapy



--hypocalcemia

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
Calcitonin is made by thyroid C cells.  It inhibits osteoclasts.
PTH can be given to stimulate bone formation.  Continuous exposure causes bone resorption, 
but intermittent exposure causes bone deposition.  PTH is the only anabolic bone drug.  


It boosts osteoblast maturation and mineralization.  PTH is used to treat osteoporosis.

Not to be used in patients with history of skeletal malignancies or hypercalcemia.
Thiazide diuretics treat hypercalciuria and kidney stones by decreasing urinary calcium excretion.
