Osteoporosis
● Abnormal loss of bone and skeletal fragility predisposing to fractures .

● In osteoporosis the bone mineral density (BMD) is reduced and bone microarchitecture is disrupted.
Causes and risk factors:

● Long term use of glucocorticoids and other drugs.

● As a manifestation of endocrine disease (thyrotoxicosis – hyperparathyroidism).

● Malabs syndrome.

● Alcohol abuse and cigarette smoking.

● Age above 65 years.

● Idiopathic.

● Occur in elderly in both sexes, and it is most pronounced in postmenopausal women.
Glucocorticoids hormones:
● Prolonged administration of glucocorticoids is a common cause of osteoporosis by the following mechanism:

○ Antagonizing vitD stimulated intestinal Ca transprt.

○ Stimulating renal Ca excretion.

○ Blocking bone formation.

● The postmenopausal form of osteoporosis maybe accompanied by lower 1,25(OH)2 vitD levels and reduced intestinal Ca transport.

● This form is due to estrogen deficiency and can be treated by estrogen.

● Physiological control of serum Ca within a narrow range from 2.2 to 2.6mmol/L is maintained by:

○ Parathyroid hormone (PTH)

○ Calcitonin.

○ Production of 1,25 dihydroxy vitD

These 3 hormonal substances act on:

● Bone to control the transfer of Ca between extra- and intracellular fluid, as well as bone resorption, formation and mineralization.

● GIT to regulate absorption of Ca and phosphate.

● Renal tubule to regulate reabsorption of Ca and phosphate.

►Disorders in 2 , 3 lead to hypocalcemia and release of PTH

Parathyroid Hormone
 ● Product of  PT gland.

● PTH regulates Ca & phosphate flux across cellular membrane in bone & kidney, resulting in increased serum Ca+2 & decreased serum phosphate.

● In bone, PTH increase the activity & number of osteoclast, increase bone turn over / bone remodeling, followed by osteoblastic bone formation.

● PTH in low & intermittent doses increase bone formation without first stimulating bone resorption ( indirect through growth factor ). This leads to recent approval of recombinant PTH.
● PTH also stimulate the production of 1,25[OH]2D by the kidney.

● Increase the ability of nephron to reabsorb Ca & Mg it reduces its ability to reabsorb phosphate, Na & Cl .
Anti-Resorptive Therapies:  Calcium and Vitamin 

1-Vit D
● Produced in the skin from 7-dehydrocholestrerol under the influence of UV light. (1st) hydroxylated in the liver to 25-OHvitD by the kidney under the control of PTH, which stimulate its production. (1,25[OH]2D = calcitriol.

● Natural form: vitD3, cholecalciferol.

● Planet-derived form: vitD2, ergocalciferol.

● Both are present in the diet.

● Vitamin D is a fat-soluble prohormone that serves as a precursor to a number of biologically active metabolites.

● For clinical use: Vit D & cacitriol are available.

● The net effect of PTH is to raise serum Ca & reduce serum phosphate, while

●Vitamin D: increase serum Calcium and phosphate.

PK:

● Vit amin D bind to alpha-globulin

● Bile is essential for Vitamin D absorption

● Terminal T 1/2: 23 days

● Cleared by the liver

● Excess vitamin D is stored in adipose tissue.

Actions of calcitirol: active form of vitamin D

● Act on the cells of intestine by:

○ Induction of new peptide synthesis (Ca+2-binding peptide) to transport Ca form the lumen of the intestine, across the epithelial cells & into blood

○ Regulates the calcium & phosphorus levels in the blood by modulation of Ca+2 flux across the brush border & basolateral membrane, to promote the absorption of Ca from food. (absence of vitamin D,, dietary Ca is not absorbed efficiently).

● Rapidly correct hypocalcaemia within 24-48 hr

● Both Vitamin D & PTH enhance renal retention / reabsorbed of calcium
2- calcium: 

● At least 1000 mg/d

● Calciumpreparations: IV, IM/ po

● IV injection: calcium gluconate, calcium gluceptate, and calcium chloride

● Calcium gluconate is the preferred form because it is less irritating to veins

● Po: calcium carbonate, calcium lactate, calcium phosphate and  calcium citrate

● Calcium carbonate is the preparation of choice because of its high percentage of Ca, ready availability, low cost, & antacid properties

● Combination of Vitamin D & Ca is also available

Efficacy in the treating of osteoporosis:
● Calcium reduces the rate of bone loss

● Vitamin D reduces the incidence of vertebral fracture and non- vertebral fracture

Pharmacokinetics:

● Ca is best absorbed e meal

Side effects:

● IV Ca chloride: irritation to veins 

● Oral Calcium: gastric irritation, nausea and constipation

Drug Interactions:

● Calcium is contra-indicated tetracycline

● Fluoride/phosphate contra-indicated Ca

Hormone Replacement Therapy:

● Estrogen has a major role in regulation of the bone formation –resorption equilibrium, as it stimulates osteoblast activity

● Can prevent accelerated bone loss

● Reduce the risk of vertebral & non-vertebral + hip fracture

● Reduces the bone-resorption action of parathyroid hormone

● Increase 1, 25 (OH)2D production & bone mineral density

● Suppress the production of IL1 & 6 which stimulate osteoclast replication

● Used in treating / prevention of postmenopausal osteoporosis as an estrogen replacing therapy

● Side Effects: prolonged use increases the risk of thromboembolism and risk of breast & endometrial cancers 

Treatment: cycling e progestin
Raloxifene:

● The first selective estrogen receptor modulate for the prevention of osteoporosis and reducing vertebral fractures

● Act on the bone by slowing bone resorption by the osteoclsts

● Increase women's bone density

● Protects against spine fractures \ not hip fractures

● Reduce total cholesterol and LDL

● Advantages: no risk of breast / endometrial cancer

Pharmacokinetics:

● Rapidly absorbed orally

● Significant first pass metabolism

● Hydrogen bond to plasma protein

Side Effects:

● Hot flashes and leg cramps

● Venous thromboembolism (rare)

Bisphosphonates:

● (Alendronate, Risedronate. Ibandronate and Pamidronate)
● Potent inhibitors of bone resorption , increase bone density and reduce the risk of spine and hip fractures over at least 5 years when used continuously

Mechanism of Action:

● Decrease in osteoclastic formation / activatio.

● Increased osteoclastic apoptosis

● Effective in men and women

Pharmacokinetics:
● Poorly absorbed (<10%) and must be given on an empty stomach/ infused IV.

● T½: 1 hour.

● Half of the absorbed drug accumulates in the bones; and the remainder is excreted unchanged in the urine.

● The portion bound to bone is retained for months, depending on the turnover of bone itself.

Side Effects:

● Diarrhea, nausea, and abdominal pain.

● Alendronate: esophageal and gastric ulcerations.

Contraindications:

● Decreased renal function,

● Esophageal motility disorders,

● Peptic ulcer diseases.

Teriparatide

● Recombinant form of PTH (Parathyroid Hormone), stimulates bone formation (anabolic therapy).

● Increases BMD (?Bone Mass Density)

● It acts like PTH and stimulates osteoblasts, thus increasing their activity.

● Must be given daily by subcutaneous injection for 2 years.

Side Effects:

● Nausea, headache, dizziness, and leg cramps.

● In all cases, adequate intake of Calcium and Vitamin D needs to be maintained.
Calcitonin

● Polypeptide produced by thyroid gland

● Used for the treatment of osteoporosis

● Available as nasal spray and subcutaneous/intramuscular injection.

Action:

● Decreases osteoclast size and motility and causes the osteclasts to seize their bone resorbing activity.

● Antagonizes PTH.

● Increases bone mass, reduces bone resorption, relieves pain, and reduces spine fractures.

● Increases BMD (?Bone Mass Density) and reduces the incidence of vertebral fractures in postmenopausal osteoporosis.

Pharmakokinetics:

 ● Rapid absorption

● T½: 20 minutes

● Catabolized in the liver and the kidney

Side Effects:
 ● Anorexia, Nausea, and facial flushing (parenteral)

