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CALCIUM METABOLISM 
 

Reading Assignment: Katzung 11th Edition, Chapter 42, pp. 753-772 
 
KEY CONCEPTS AND LEARNING OBJECTIVES 
 
Calcium is the fifth most abundant element in the body and plays major roles in the regulation of 
several physiological and pathological conditions. 
  

1) To understand the role of the key organs involved in regulation of plasma calcium 
concentration 

 
2) To understand the endocrine regulation of calcium homeostasis and mechanisms involved 

 
3) To understand the principles underlying the treatment of hyper- and hypo- calcemia. 

 
4) To know the drugs used in therapy of hypo- and hyper- calcemia. 

 
5) To know the therapeutic uses of vitamin D, calcitonin, bisphosphonates, estrogen, and 

glucocorticoids in maintenance of calcium homeostasis.  
 
 
List of Drugs: See summary Table at end of the handout 
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CALCIUM METABOLISM 
 

PARATHYROID, CALCITONIN AND VITAMIN D 
 
Calcium Regulation: 
 
- Fifth most abundant element in the body, mostly in bones 
 
- Essential for muscle contraction, cardiac function, maintenance of membrane integrity, blood 
coagulation, mediation of intracellular action of numerous hormones 
 
- Organs involved in Ca2+ regulation: Kidneys, Intestine, Bone 

 
 

 
 
 
 
 
 
 
 
 
 
 
Exchangeable pool~ 4-5 g 
 
Adapted from Human 
Pharmacology, 2nd Edition 
Mosby Publishers 
 
 

Hypocalcemia: neuromuscular tetany, muscle cramps, convulsions, laryngospasm 
 
Rickets (inadequate bones mineralization during development) 
 
Osteomalacia (inadequate bone mineralization in adult).  Associated with 
 
1.  Inadequate dietary Ca2+ and/or vitamin D 
2.  Malabsorption due to defect in vitamin D activation 
3.  Malabsorption due to end-organ resistance to vitamin D 
4.  Hypoparathyroidism 
5.  Renal failure 
 
-usually treated with vitamin D and Ca2+ 
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Hypercalcemia 
 
Can result in cardiac arrhythmias (life threatening), renal damage (stone), soft tissue 
calcification, CNS abnormalities. 
 
-more diverse in nature & etiology (e.g. hyperparathyroidism, hypervitaminosis D, sarcoidosis, 
neoplasia, hyperthyroidism, etc.); treatment depends on disease etiology and severity of 
condition 
 
-usually treated with fluids, low Ca2+ diets, loop diuretics, glucocorticoids, sulfate, calcitonin, 
antiinflammatory agents, anticancer drugs 
 
Vitamin D 
 
- can be considered as a hormone; synthesized in skin (under ideal conditions, not required in 
diet), transported by blood to target tissues where it is activated, and binds to specific receptors 
 
- vitamin D2 is produced by u.v. irradiation-elicited activation of ergosterol in yeast and fungi 
 
- vitamin D3 (cholecalciferol) is produced similarly from 7-dehydrocholesterol in animals and 
higher plants 
 
- vitamin D2 and vitamin D3 are not biologically active but both are equally good “prohormones” 
in the human 
 
- initial activation of vit. D2/D3 occurs in the liver to form 25-hydroxy vit. D (calcifediol)  
 
-final hydroxylation takes place in the kidney and is stimulated by parathyroid hormone and low 
phosphate; product is the most potent form of vit. D: 1,25-dihydroxy vit. D (calcitrol) 
 

 
 
 
 
 

Please note: Vit. D in figure refers to D3 
 
   
 
 
 
 
 
High Ca2+ directly inhibits 1 hydoxylase and indirectly by decreasing PTH secretion - same 
for 1,25- di(OH) D ( inhibits transcription of PTH). 
 
Potency: Vitamin D3< 25-hydroxy D< 1,25 di-hydroxy D 
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- binds to receptors (similar to steroid receptors) which then alter transcriptional regulation of 
genes; increases calbindins (Ca2+ absorption); more rapid effects likely due to effects at different 
levels also seen 
 
- active vit. D (25-hydroxy and 1,25-dihydroxy) increase serum Ca2+ by increasing absorption of 
Ca2+ and phosphate from the intestine 
 
- increase in serum Ca2+ and phosphate leads to bone mineralization (antirachitic effect) 
 
- will also stimulate Ca2+ mobilization from the bone directly if dietary supplement of Ca2+ is 
inadequate. Stimulates osteoblasts on the bone that then activate osteoclasts to cause bone 
resorption - increasing Ca2+ and PO4. (RANKL - osteoclast activation & Osteocalcin-osteoblast 
differentiation) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Therapeutic Uses: 
 
1.  Prophylaxis and cure of nutritional rickets (inadequate sunlight or diet) 
2.  Treatment of metabolic rickets and osteomalasia (inadequate bone deposition) in chronic 

renal failure 
3.  Treatment of hypoparathyroidism 
4.   Prevention and treatment of Osteoperosis 
 
Several derivatives for specialized use: Calcipotiol – topical use for psoriasis, Paricalcitol 
(synthetic D2) – i.v. infusion for secondary hyperparathyroidism. 
 
Drug Interactions:  
 
1) Estrogen, isonazide (TB drug), thiazide diuretics increase vit D levels – Estrogen effect 

desirable in osteoperosis treatment. 
2) Ca Channel blockers (verapamil) decrease vit D synthesis 
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3) Cholestyramine decreases vit D. absorption 
4) Phenobarbital, pheytoin, increase vit D metabolism 
5) Antacids –over long term alter vit D. metabolism/bioavailability 
 
 
 
Parathyroid Hormone (PTH) 
 
- 84 amino acid polypeptide synthesized in the parathyroid gland attached to the thyroid gland  
- binds to specific plasma membrane receptors and activates adenylyl cyclase 
- acts directly on the kidneys to stimulate renal tubular reabsorption of Ca2+ and increases 
formation of 1,25-dihydroxy vit. D from 25-hydroxy precursor; also decreases phosphate 
reabsorption from kidney 
- stimulates Ca2+ resorption from the bone (RANKL) 
- indirectly enhances dietary Ca2+ absorption by increasing the formation of 1,25 dihydroxy vit.D 

 
Direct and indirect effects of parathyroid hormone on calcium metabolism.  Renal tubular reabsorption of phosphate 
decreases and that of calcium increases; calcium into extracellular fluid.  
 
A PTH related protein is produced by several types of tumor cells- leading to hypercalcimia - 
may be involved in regular Ca metabolism in mammary gland and placenta. 
 
PTH is used diagnostically to examine cAMP production by the kidneys (as monitored in urine), 
to detect pseudohypoparathyroidism (resistance to hormone). 
 
PTH has very short half-life and until recently used only as diagnostic tool. 
 
However since intermittent administration of PTH has been shown to increase bone deposition -  
Recombinant Human PTH (1-34) Teriparatide (Forteo®): used for treatment of severe 
osteoperosis – increases bone formation 

- only available in injectible form 
combination with alendronate may synergistically increase efficacy. 
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 Not useful in treatment of hypoparathyroidism (short t1/2) 

 
Adverse Effects & Contraindications: Osteosarcoma in animal model but – no human data but 
contraindicated in patients with increased risk of osteosarcoma (e.g. Paget’s disease with 
elevated Alkaline Phosphatase, open epiphyses, or prior skeletal radiation therapy) 
 

- also not approved for use in children 
 

-  hypoparathyroidism is best treated by vitamin D and dietary Ca2+ 
 

- hyperparathyroidism is usually treated by surgical resection of the gland; if surgery is 
contraindicated, low Ca2+ and lots of fluid are indicated. 

-  
Calcimimetics  
 
Cinacalcet activates the Ca2+ sensing receptor (CaR) which has greatest conc. in the 
parathyroid gland. Activation of CaR inhibits PTH release 
 
Indications: 2° hyperparathyroidism, parathyroid carcinoma, chronic kidney disease.  
 
Drug Interactions: Metabolized by CYPs - therefore, certain drugs (ketoconazole, 
itraconazole, erythromycin) increase Cinacalcet conc. 
 
Cinacalcet can increase conc of other CYP substrates e.g. Desipramine. 
 
Adverse reactions: Hypocalcemia - check serum Ca closely  

 
Calcitonin 
 
- 32 amino acid polypeptide synthesized by the parafollicular cells of the thyroid.  Secretion is 
regulated by plasma Ca2+ levels; high Ca2+ stimulates release of calcitonin 
 
Actions: (generally opposite of those of 
PTH) 
 
- decreases absorption of Ca2+ from 
intestine 
 
- increases urinary excretion of Ca2+, 
Na+, Mg2+, Cl-, and PO4

3+ 
 
- inhibits osteoclast activity - resulting in 
decreased bone resorption and therefore, 
increased deposition - this leads to 
decreased plasma Ca2+ concentration 
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Therapeutic Use 
 
Human synthetic calcitonin (Cibacalcin) or salmon calcitonin (Calcimar or Miacalcin) can be 
administered IM, sub q., or by nasal spray to treat the following conditions. 
 
1.  Used in treatment of Paget’s Disease (abnormal bone turnover), recently approved for 
osteoperosis and less frequently in hypercalcemia associated with malignancy (osteolytic bone 
metastasis) - more usual treatment with sulfate, EDTA, furoseamide, ethacrynic acid, 
glucocorticoids, and antineoplastic drugs (plicamycin) (NOT PHOSPHATE - causes metastatic 
calcification in soft tissues).  Also low Ca2+ diet and fluids are indicated. 
2.  Used in osteoperosis to decrease bone resorption and diminish the chances of fractures 
3.  Useful in vit. D intoxication 
 
Adverse Effects: 
 

- hypersensitivity reactions (allergic reactions), nausea 
- “escape” a major problem: loss of effectiveness especially of actions at the bone tissue 

 
Gallium Nitrate: Gallium nitrate has been approved by the FDA for treatment of hypercalcemia 
of malignancy.  
 

- decreases bone resorption 
-  

Drug Interactions with numerous drugs - antibiotics, anti-fungals, immunosuppresives. 
 
Adverse Effects: Nephrotoxic – patients should be well hydrated and have good renal function. 
 
Glucocorticoids:  
 
Antagonizes the actions of vitamin D to increase absorption of Ca2+ from GI tract.   Increases 
urinary excretion of Ca2+.  
 
Therefore, used in treatment of hypercalcemia associated with sarciodosis, malignancies or Vit. 
D intoxication.  Not particularly effective in PTH induced hypercalcemia – so differentiate 
cause. 
 
Adverse Effects: Should be used for intermittent treatment since long term- treatment can result 
in osteoperosis.  Also remember the suppression of the hypothalamic-adrenal axis. 
 
Thiazides: Used for renal hypercalciuria 
 

- Site of action – early segment of distal convoluted tubules in the kidneys 
- Inhibits renal stone formation by increasing renal reabsorption of calcium from the lumen 

of the tubules. 
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Bisphosphonates: 
 
Used in the treatment of bone diseases involving excessive bone destruction or resorption, e.g. 
Paget's disease, tumor-associated osteolysis, post-menopausal osteoporosis. 
 
Act by adsorbing to bone crystals making bone resistant to enzymatic hydrolysis.  Inhibits 
activity of osteoclasts that manage to ingest bisphosphonate-containing bone. 
 
Structure is similar to pyrophosphate. 
 
Pyrophosphate consists of two phosphate groups linked by an oxygen atom (P-O-P)  
 
bisphosphonates have two phosphate groups linked by a carbon atom (P-C-P) 
 
like pyrophosphate, bisphosphonates have very high affinity for calcium and therefore target to 
bone mineral in vivo.  
 
Also inhibit production of 1,25-di-OH vit D – Adv. in Rx of Hypercalcemia due to Paget’s 
Disease. 
 
Etidronate - Didronel, Didronel  IV 
 
Used to treat Paget’s Disease and hypercalcemia 
 

• Pharmacokinetics 
 

- poorly absorbed (decreased with food) 
- distributes readily and concentrates in bone 
- excreted by kidneys; not metabolized 
- plasma elimination half-life - 6 hr 
- retention half-life in bone - 3-6 months 

 
• Administration - oral (for Paget’s Disease); i.v. (for hypercalcemia) 
• Not approved for osteoperosis. 

 
• Contraindications/precautions 

     
- children, pregnancy, breast-feeding colitis 
- pregnancy 
- renal impairment 

 
• Interactions 

 
- aluminum hydroxide 
- antacids 
- calcium salts, magnesium salts 
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- iron salts 
 

• Adverse effects 
 

- bone pain 
- adverse GI effects- dysphagia, pain, etc. 
- hypocalcemia, osteomalacia 
- metallic taste 

 
Pamidronate B  Aredia  
 

• Pharmacokinetics 
 - poorly absorbed or tolerated orally 
 - concentrates in bone - biphasic disposition 
 - half-life - 2.1 hr;  ß half-life - 28 hr 
 - excreted by kidneys; not metabolized 
 - plasma elimination half-life - 6 hr 

• Administration: i.v. 
 

• Contraindications/precautions 
 

 - children, pregnancy, breast-feeding 
 - renal impairment 

 
• Interactions 

 
- no drug interactions 

 
• Adverse effects 

- bone pain, abdominal pain 
 - anorexia 
 - dyspepsia 
 - fever 
 - hypocalcemia, hypokalemia 

 
Alendronate - Fosamax  
 

• Pharmacokinetics 
 

- poor oral absorption 
 - transient distribution to soft tissue, with rapid redistribution to bone 
 - 78% protein bound 
 - excreted unchanged in urine 
 - half-life in bone - 10 years 

 
Approved for treatment of osteoperosis – particularly useful in women who cannot 
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tolerate estrogen 
 

• Administration - oral or i.v. 
  

• Contraindications/precautions 
 

 - children, pregnancy, breast-feeding 
 - dysphagia 
 - GI disease, esophagitis, gastritis  
 - hypocalcemia 
 - renal impairment 
 - vitamin D deficiency 
 

• Interactions 
 

 - aluminum hydroxide 
 - antacids 
 - calcium salts, iron salts, magnesium salts 
 - NSAIDs, ranitidine, salicylates - ulcerations 

 
• Adverse effects 

 
- abdominal pain, constipation, diarrhea  
 - bone pain,  
 - dysphagia 
 - esophageal ulceration, esophagitis, gastritis 
 - headache 

- hypocalcemia, hypophosphatemia 
 
Newer Bisphosphonates: Risedronate and Tiludronate 
 

Risedronate is approved for use in osteoperosis. 
 

Main Characteristics of Bisphosphonates: 
 
1) Pharmacokinetics: Poor absorption when orally administered 

- decreased further by food! 
- short plasma half-life, but half-life after deposition in bone long - 3/6 mths 

etidronate - >10 yrs alendronate 
 
2) Contraindication: Children, pregnancy, breast feeding, GI ulcers, decreased renal 

function. 
 
3) Drug Interactions: Al(OH)3, Antacids, Ca, Mg, Fe salts, NSAIDs - None with 

Palmidronate (i.v.) 
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4) Adverse Effects: Bone pain, GI- dyspepsia, anorexia, esophageal ulcerations, 
hypocalcemia, hypophosphatemia 

 
5) Indications: Paget’s disease, Osteoperosis - alendronate, risendronate, ibandronate 
 
6) Other effects: decreased production of 1, 25 di(OH) D decreased intestinal transport of 

Ca. 
 
Fluoride 
 

• Mechanism of Action 
  - mitogen for osteoblasts to stimulate bone formation 
 

• Indications: Prophylaxis of dental caries  
 
• Pharmacokinetics 
 

- absorption from GI tract is rapid and complete 
 - stored in bones and teeth 
 - ion is pharmacologically active form 
 - renal excretion, 90% filtered by glomerulus; reabsorption by tubules 

 
• Administration 
•  

 - oral 
 - topical to oral cavity preferably during teething in children 

 
• Contraindications/precautions 

 
- arthralgia 
- pregnancy, breast-feeding, children 
- dental fluorosis B mottled enamel, small paper white opaque areas scattered over the 
enamel - in extreme cases deep brown or black stains on the enamel 

 
• Adverse effects 

 
- dermatitis 
- fluorosis 
- GI bleeding, nausea/vomiting 

- stomatitis, urticaria 
 
Estrogen: Used in postmenopausal women to prevent osteoperosis 

- increases risk of endometrial carcinoma.  However combined with progestins decreases 
this risk – combination of estrogen and progestins may cause menstruation again  

- probably works by decreasing the actions of PTH to increase bone resorption (increase 
osteoprotegrin from osteoblasts - inhib RANK on Osteoclasts) 
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- also increases 1,25-di-OH vit D probably by decreasing serum phosphate 
- may also have direct actions on bone remodeling. 

 
Specific Estrogen Receptor Modulators (Raloxifene – 1st approved FDA SERM): Estrogen 
agonist in bone but estrogen antagonist in breast and uterine tissues (also in brain – causes hot 
flashes).  
 
Raloxifene (Evista). First SERM to be approved for preventing spinal fractures. (Does not appear 
to have any protective effect on other fractures, including those in the hip.) 
  
Raloxifene does not effect ovulation and may be an option for women at risk for osteoporosis 
who are still menstruating, but should not be used in pregnant or breast-feeding women.  
 
Raloxifene also increases risk for deep vein thrombosis, in which clots form in the large veins of 
the legs. 
 
 
Newer SERMs: lasofoxifene and bazedoxifene – reduced breast cancer risk



Pharmacology & Therapeutics  Tarun B. Patel   

 13 

SUMMARY REVIEW TABLE FOR LECTURE 
 

Drug Forms available Mechanism 
of Action 

Routes of  
administration 

Type of 
therapeutic use 

Drug interactions Major 
side effects 

Comments 

Vitamin D 1. Calcitriol 
2. Doxercalci-ferol 
(hypoparathyrodism) 
3. 1α-hydroxy-
cholecalciferol 
already OH in 1 
postion (renal 
osteodystrophy) 
4. also see under 
comments 

Increases Ca and PO4 
absorption from GI 
 
Increases bone resorption if 
dietary Ca intake low. 

1. Oral 
2. parenteral 
 

1. Prophylaxis 
2. nutritional 
rickets 
3. metabolic rickets 
and osteomalacia in 
chronic renal 
failure 
4. prevention and 
Rx of osteoperosis 
5. hypopara- 
thyroidism 
 

1. Estrogen, isonazide 
(TB drug), thiazide 
diuretics increase vitamin 
D levels – estrogen effect 
desirable in 
postmenopausal women 
on hormone replacement 
2. Ca channel blockers 
(verpamil) may decrease 
vit D synthesis 
3. Cholestyramine – 
decrease vit D absorption 
4. Phenobarb, phenytoin – 
increase vit D metabolism 
5. Antacids (long term) 
alter metabolism/ 
bioavailability of vit D. 

 
Those of 
hypercalcemia – 
decrease dose 

Several derivatives 
available for 
special use: e.g. 
Calcipotiol used 
topically for 
psoriasis, 
Paricalcitol 
synthetic D2 given 
i.v. for 2° 
parathyroidism 

Parathyroid 
Hormone 

Teriparatide 
(recombinant human 
PTH (1-34) 

Although PTH causes bone 
resorption, intermittent 
injections (once/day) enhance 
bone deposition.   
Note: Only teriparatide is 
described above but you 
should also know that 
mechanism of action of PTH 
and its role in Ca homeostasis. 

1. injection  1. severe 
osteoperosis 

 
 

Ostetosarcoma in 
rats – no data in 
humans – but limit 
to use for 24 mths 
 

Contraindicated 
when risk for 
osteosarcoma, (e.g. 
paget’s disease 
with high alk. 
Phtase, open 
epiphyses, or prior 
radiation of 
skeleton). 
 
Given with 
Alendronate - 
synergistic action. 

Cacitonin Human synthetic – 
Cibacalcin 
Salmon – Miacalcin, 
Calcimar 

Decreases absorp of Ca from 
intestine.   
Increases urinary excretion of 
Ca, Na, Mg, Cl,  & PO4.. 
Inhibits osteoclast activity – 
decrease bone resorption & 
increased deposition  
All of the above lower Plasma 
Ca. 

1.   injection 
2. nasal spray 

1. Paget’s disease 
2. osteoperosis 
3. Vit D 
intoxication 
4. less frequently in 
hypercalcemia of 
malignancy 

 Hypersensitivity 
reactions 
 

“Escape” – lack of 
effectiveness at the 
level of bone over 
time problematic 
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Drug Forms available Mechanism 

of Action 
Routes of  

administration 
Type of 

therapeutic use 
Drug interactions Major 

side effects 
Comments 

Gallium nitrate 
 

Ganite Inhibits bone resorption 1.  injection 1. hypercalcemia of 
malignancy 
 

Too numerous to list here 
but include antibiotics, 
anti-fungals, 
immunosuppressives - 
look out for 
nephrotoxicity 

1. Nephrotoxicity Patients should 
have good renal 
function and kept 
well hydrated. 

Glucocorticoids Hydrocortisone 
 

Antagonize the actions of Vit 
D. 
Decrease Ca absortion from 
intestine, Increase urinary Ca 
excretion 
 

1.   Oral 
2. i.v. 

1. Vit D 
intoxication 
2. hypercalcemia of 
malignancy 

Refer to glucocorticoid 
lecture 

Intermittent 
treatment only – 
long term use 
causes osteoperosis 
and inhibits HPA 
axis 

Not effective in 
PTH- induced 
hypercalcemia – 
imp. to identify 
cause. 

Bisphosphonates Etidronate, 
Pamidronate, 
Alendronate 
Risendronate, 
Tiludronate 

Adsorbed to bone crystal 
making it resistant to enzymatic 
hydrolysis. 

1.   Oral 
2. injections 
(Pamidronate) 

1. Paget’s disease 
2. Osteoperosis 
3. Hypercalcemia 
of malignancy 
 

Al(OH)3,, Antacids, Ca, 
Mg, Fe salts, reduce 
absorption 
 
NSAIDs- increased 
incidence of GI ulcers 
 
None with Palmidronate 

Bone pain, GI-
dyspepsia, 
anorexia, 
esophageal 
ulceration, 
hypocalcemia, 
hypophosphatemia 

Poorly absorbed – 
given on empty 
stomach. Short 
plasma half-life 
BUT long half-life 
after bone 
deposition – 3 mths 
to 10 yrs. 
 
Contraindicated 
in: children, 
pregnancy, breast 
feeding, GI ulcers, 
renal insufficiency 
 
Alendronate + 
teriparatide may act 
synergistically 
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Drug Forms available Mechanism 

of Action 
Routes of  

administration 
Type of 

therapeutic use 
Drug interactions Major 

side effects 
Comments 

Calcium sensor 
mimetics 
(Calciominetics) 

Cinacalcet Mimics Ca on the Ca sensing 
receptors to inhibit PTH 
secretion by parathyroid 

1.   Oral 1. 2° hyperparathy-
roidism 
2. parathyroid 
carcinoma 
3. chronic renal 
disease 

Metabolized by different 
CYPs.  Ketoconazole, 
erythromycin, 
itraconazole increase 
levels of Cinacalcet 
 
Can increase conc of 
other CYP metabolized 
drugs, e.g. desipramine 

Hypocalcemia - 
Check serum Ca 
levels closely and 
regularly 

 

Estrogen & 
SERMs 

Raloxifene (SERM) Estrogen:Inhibit actions of 
PTH at bone? 

Increases 1,25 diOH vit D by 
decreasing serum PO4 

SERMs: Estrogen antagonists 
in breast and estrogen 
agonists in bone 

1. oral 1. Osteoperosis in 
postmenopausal 
women. 
2. Osteoperosis in 
menstruating 
women – 
Raloxifene only 

See estrogen lecture Hot flashes, deeep 
vein thrombosis, etc 
See estrogen lecture 

Increased risk of 
endometrial cancer 
with estrogen – not 
SERMs 
 
Raloxiphene not 

indicated in 
pregnancy and 
breast-feeding  

 
 

 


