calcium

Function of calcium :

1) need for excitation -contraction coupling of skeletal ,smooth ,cardiac muscle 

2) skeletal bone and teeth growth 

3) act as a 2nd messenger 

4) in secreting process by Ca+2 influx , e.g, neurotransmitter and , insulin .

5) in coagulating process ( formation of blood clot )

6) for stabilizing of excitable membrane (membrane of skeletal muscle , this will occur as the Ca+2 influx and efflux of Na+ in this no depolarization will occur ( i.e, depolarization equivalent )

Normal level :
 )   8 - 9 mg/dl  ( (narrow range , so we should have sharp regulation
►acute hypocalcemia ( concentration of Ca+2 ↓ ( will cause Na+ to influx ( to the cell) ( membrane depolarized ( more excited) ( spontaneous contraction (always when Ca+2 ↓) ( alt of convulsion will occur especially in the vocal cords ( lead to death .

► 7 - 8 considered as hypocalcemia with no overt (clear ) manifestations (symptoms)
►Ca+2 not regulated by hypothalamic- hypophseal axis 

► pancreas also not  regulated by hypothalamic- hypophseal axis .
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Forms of Ca+2 in our body :
A) ionized Ca+2 ( more important form
B) non-ionized ( bonded )

1- bond to protein 

2- salts (citrate , and bicarbonate) ( inactive .

►parathyroid gland ( essential for life (if accidentally remove parathyroid gland in thyroid surgical , we give the patient Ca+2 )
actions of parathyroid hormone :

►the net effect on Ca+2 is to elevate plasma Ca+2 concentration and lower phosphate concentration in the plasma .
A) on bone :
1- ↑ bone resorption and mobilization calcium 

2- inhibit osteoblast activity ( osteoblast : bone forming cell)
3- increases osteoclastic activity 

4- stimulate formation of new osteoclasts ( eat from the bone till Ca+2 goes out (osteoclast : bone eating cell )

B) on kidney :
1- decreases phosphate reabsorption in PCT , will increases phosphate excretion in urine and ↓ plasma phosphate concentration .

2- increases Ca+2 reabsorption in the DCT.
3- increases formation of 1,25 vit D3 in the kidney. 

● in case of abnormality in the kidney and no 1,25 D3 ( inject of vit D
C) on intestine :
increases Ca+2 absorption from the intestine which is due to formation of 1,25 vit D3
● PTH does not work on intestine directly : 
PTH ( formation of vit D3 on kidney ( ↑ Ca+2 reabsorption from intestine .

Control of PTH secretion :
1) plasma ionized Ca+2 level 
►↓ plasma Ca+2 ( ↑ PTH secretion 

►↑plasma Ca+2 ( ↓ PTH secretion 
2) ionized Mg : similar to Ca+2 

3) stimulate β adrenergic receptor on parathyroid . this will ↑ PTH secretion 

4) high 1,25 D3 ( ↓ PTH secretion .

◙  Summary : 
►↑ Ca+2 , ↑Mg ,or ↑ 1,25 D3 ( ↓ PTH 

►stimulation of β adrenergic receptor ( ↑ PTH 
Disorder of parathyroid hormone (PTH) :
A) Hyperparathyroidism : 

» cause : tumor or hyperplasia of gland 

» characterized by : 
1- osteoprosis ( bone become weak ) ( due to calcium mobilization from bone ,and cyst formation .

2- polyuria ( due to increased load of excreted Ca+2 and phosphate ( osmotic-diuresis)

deposition of Ca+2 and phosphate lead to stone formation 

3- abnormal calcification of soft tissue 

4- hypercalcemia 
B) Hypoparathyroidism : 

» cause : parathyrodectomy ( accidentally removal of parathyroid gland )

» effect : 
a) ↓↓↓ plasma Ca+2 

b) ↑ plasma phosphate ( i.e, hypocalcemic tetany , which is characterized by neuromascular hyperexcitability " uncontrolled contraction of muscle ")

» manifestation :
1- latent tetany : Ca+2 level 7 - 9 mg/dl

i) chvostek's sign : contraction of ipsilateral facial muscles produced by tapping over facial nerve of jaw angle ( if we have hypocalcemia that muscle will tremor )

ii) trousseau's sign : spasm of muscles of  the upper extremity ( flexion at wrist and thumb ,and extension of fingers.
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Position of the hand in hypocalcemic tetany (Trousseau's sign).
► this also can be seen when you occlude the circulation for few minutes with BP cuff .
iii) hyper-reflectia ( i.e, shooting reflex ) ( by tapping on the joint .

2- overt (manifest ) tetany : (emergency )
● occur when plasma Ca+2 level ≤ 7 mg/dl 

● characterized by : 
i) spontaneous spasm in hand and feet (carpopedal spasm )

ii) spontaneous laryngeal spasm ( safocation 
iii) convulsions due to laryngeal spasm
● treatment : intravenous (IV) Ca+2
Vitamin D
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*Formation and hydroxylation of vitamin D3. 25-Hydroxylation takes place in the liver, and the other hydroxylations occur primarily in the kidneys.
►these two pathways which occur in kidney depending on : 
1- body need 

2- parathyroid hormone (PTH) .
actions of 1,25 D3 : ( ↑ plasma level of Ca+2 and phosphate )
A) intestine :
1- 1,25 vit D3 increase Ca absorption form intestinal calls by :

i)   increasing formation of calcium binding protein 
ii)  increasing formation of calcium- stimulated ATPase 
iii) increasing formation of alkaline phosphatase 
2- increases phosphate absorption from intestine .
 B) kidney : increases Ca+2 reabsorption by kidney 
C) bone : mobilization Ca+2 and phosphate by increasing number of mature osteoclast (remodeling) "net effect on bone ( Ca+2 mobilization"
Rickets :  

►occurs in children 

►caused by vit D3 deficiency ( poor intestinal absorption of Ca+2 (
1- hpocalcemia 

2- failure of bone to mineralize( bone become weak and deformed (e.g, bow leg)
3- PTH ( stimulate osteoclast ( bone resorption ( weak bone 

◙ note : hypocalcemia will stimulate parathyroid gland to release its hormone
►treatment of Rickets :
● exposure to sunlight 

● Vit D3 supplement ( e.g, milk ).
regulation of synthesis of vit D :
1- parathyroid hormone (PTH )
2- growth hormone (GH)
3- calcitonin ( stimulate 1,25 which will inhibit PTH
Feedback control of the formation of (1,25-[OH]2D3)) in the kidneys :
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* Feedback control of the formation of 1,25-dihydroxycholecalciferol (1,25-[OH]2D3) from 25-hydroxycholecalciferol (25-OHD3) in the kidneys. Solid arrows indicate stimulation, and dashed arrows indicate inhibition.
three main organs which synthesis vit D :
1- skin 

2- liver 

3- kidney .

◙ notes :
►active form of vit D3 present in kidney 

►hypervitaniema D3( form stone , cause toxicity ,ad the manifestation just like the hypercalcemia .

►obstructive junduce (↓ bile salt ( ↓ solubilization of vit D ) 

Calitonin
►calcitonin : pull the Ca+2 to the bone
►contains 32 amino acids

►secreted by C- cell ( parafollicular cell)of thyroid gland .
► however , total thyroidectomy does not reduce level of the hormone to zero ,because  the hormone found in other tissue  .
►it is a calcium lowering hormone .

regulation of secretion :
» all of the following stimulate calcitonin secretion .

1- ↑ plasma Ca+2 level [≥ 9.5 mg/dl ] ( stimulate calcitonin secretion 

2- β adrenergic agonist 

3- estrogen ( make the bone mass constant ( ↑ age ( ↓ bone mass )

4- GIT hormones 

a) gastrin 

b) CCK

c) glucagons 

d) secretin 

action of calcitonin :
» decrease both calcium and phosphate

1- it decreases circulating level of Ca+2 and phosphate 

a) inhibit bone resorption by decreasing acivity of osteoclasts

b) increases Ca+2 excretion in urine

2- increases activity of osteoblasts ( ↑ bone mineralization ( i.e, cause deposition of Ca+2 in bone ) 

►long term effect on bone : 
● ↓ number of osteoclasts found in bone 
● ↑ number of osteoblasts
3- inhibit transport of Ca+2 from ICF to ECF ( ↓ Ca in ECF (plasma).
4- protect bones of the mother from excess Calcium loss during pregnancy 

other hormones effect Ca hemostasis :

1- GH : ↑ Ca+2 excretion in urine ( ↓ Ca+2 in plasma )
                 ↑ Ca+2 reabsorption in intestine 

2- IGF-I : stimulate protein synthesis in bone 

3- thyroid hormone : ● hypercalcemia 

    ● hypercalceuria
    ● osteoprosis
4- estrogen : prevent osteoprosis by direct effect on osteoblasts ( stimulate calcitonin)
5- cortisol : anti-vit D3 effect (↓ Ca+2 )
◙ Summary :
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 Calcium metabolism in an adult human ingesting 25 mmol (1000 mg) of calcium per day.*               
osteoprosis :

► loss of matrix and minerals ( loss of bone mass ( ↓ strength (increased rate of fractions
 » causes :
► prolonged immobilization , aging , menopause ( ↑ predisposition to it

osteomalacia :

» osteomalacia ( due to vit D3 deficiency in adult 

●↓ amount of Ca+2 perunit of bone matrix
● weak bones , easily fractured 

» caused by :  ▪ chronic kidney disease 

  ▪ liver disease 
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Ca+2 hemositasis (regulation)  :
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