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Calcium 

• mineralization and strengthening of bone and teeth 

• regulation of voltage-gated ion channels in neurons 
and muscle 

• muscle contraction 

• intracellular processes 

• facilitation of blood clotting 

• milk production 
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calcium entry calcium removal 



 



• Parathormone 

• Calcitonin 

• Vitamin D 

 



Calcium-Sensing Receptor (CaSR)  

• G protein–coupled receptor (GPCR) 

• activated by extracellular Ca2+ 

• activated by Mg2+, amino acids, polyamines 

• controller of the extracellular Ca2+ 
homeostatic system 

• high expression in: 

▫ parathyroid gland 

▫ kidney 

▫ gut 

▫ bone 

 

 



 







https://www.youtube.com/watch?v=YEnxruA-bsk 



osteoclast-mediated bone resorption 

https://www.youtube.com/watch?v=GpMV197xZXc 
 
RANK – receptor activator of NFκB 
OPG – osteoprotegerin (OCIF - osteoclastogenesis 
inhibitory factor) 

https://www.youtube.com/watch?v=GpMV197xZXc


• Bone resorption: 
▫ PTH 
▫ calcitriol 
▫ 25-(OH)D3 
▫ corticosteroids 
▫ catecholamines 

 
• Bone 

mineralization: 
▫ calcitonin 
▫ 24,25-(OH)2D3 
▫ estrogens 
▫ androgens 
▫ thyroxine 
▫ growth hormone 

 
 
 



Parathyroid gland 

 • behind the 
butterfly-shaped 
thyroid gland 

• produce parathyroid 
hormone 

• small pea-sized 
glands  

 



Parathyroid hormone (Parathormone) 

• Polypeptide – prepro-PTH 

• Hypocalcemie and 
hyperphosphatemia → ↑PTH 

 



Parathyroid hormone receptor 

•  GPCR receptors 
• 2 types: 
• PTH1R - ↑ expressed in bone and kidneys 

▫ Ligands: PTH, PTHrH 
▫ regulates calcium ion homeostasis through activation 

of adenylate cyclase  
• PTH2R - ↑  expressed primarily in the CNS,  

pancreas, testis, and placenta 
▫ more selective in ligand recognition (only PTH) 
▫ postnatal development of growth plate in bone 

▫ anxiety, fear, nociception, release of pituitary hormones? 

 







Vitamin D(calcitriol) 



Vit D receptor 

(VDR) 
• nuclear receptor 
• heterodimer → 

nucleus → HRE 
• activated receptor 

= a transcription 
factor - gene 
transcription 
(down-, or 
upregulation of 
genes) 
 



• ↑ transepithelial transport → 
intestinal absorption, tubular 
reabsorption 

• ↑osteoclastic activity → bone 
resorption 

• ↓ PTH production 
 

• ↑ Ca, P in blood 
 

• Others: immune functions 
(inflammation), glucose 
metabolism, cellular 
proliferation, differentation 
and growth, cognitive 
functions, antioxidant 
activity 



Calcitonin 

• Parafollicular C cells 
in the thyroid gland 



Calcitonin receptor (CTR) 

• GPCR 

• Osteoclasts, kidney, brain, ovaries, testes 

 







Pathology 

• Hypoparathyroidism - ↓ PTH secretion from 
parathyroid glands → hypocalcaemia = ↓ serum 

Ca2+ concentration 

 

• Hyperparathyroidism = ↑ PTH secretion from 
parathyroid glands → hypercalcaemia = ↑ serum 

calcium concentration 

 

 

 



Hypocalcemia 

• <2.25 mmol/L 

• Causes 
▫ Parathyroid (hypoparathyroidism) - ↓PTH  

 post surgery, idiopathic 

▫ Non-parathyroid - ↑PTH 

 hypovitaminosis D, renal and liver failure, 
osteoblastic metastasis, low calcium intake and 
resorption, high renal excretion 



• Symptoms & Signs 
▫ muscle cramps (convulsions) 

▫ parasthesia 

▫ cardiac arrythmias 

▫ tetany, spasm 

 manifest  (˂1.75 mmol/L) 

(eg. laryngospasm, carpal-, 
pedal spasm) 

 latent (1.75-2 mmol/L) 

▫ Chvostek’s signs 

▫ Trousseau’s signs 

 

 

 

 



• Hypovitaminosis D 
▫ Rickets (long bone malformation in children) 
▫ Osteomalacia (in adults, „soft bone“ disease) 
▫ Osteoporosis 

 

 

• Therapy 
▫ Bisphosphonates 
▫ Estrogen replacement 
▫ Calcitonin  
▫ Calcium, vitamin D 

 



Hypercalcemia 
• >2.75 mmol/L 

• Causes  

▫ Primary (tertiary) 
hyperparathyroidism 

▫ Malignancies 
(parathyroid 
hormone-related 
protein) 

▫ Hypervitaminosis D 

▫ Renal failure 

 



 



• Symptoms & Signs 

▫ renal (stones, polydipsia, polyuria) 

▫ bones (pain) 

▫ gut (constipation) 

▫ brain (depression, fatique, anorexia) 

▫ hypercalciuria 

▫ aterosclerosis, hypertension 

▫ osteosclerosis 

▫ cognitive impairment 

▫ joint swelling 

▫ bone deformities 

 



• Therapy 

▫ hydration (intravenous)  

▫ increasing salt intake (intravenous) and forced 
diuresis  

▫ diuretics 

▫ bisphosphonates 

▫ calcitonin  

 


