Calcium &Parathyroid Gland (8th lecture)
- Calcium Homeostasis: It is maintaining normal Ca level in the body.

- Ca is important in:
  1- Bone structure (99% of Ca is in the bone).

  2- Muscle contraction (skeletal, cardiac, & smooth muscles).

  3- 2nd & 3rd messenger.

  4- Release if neurotransmitter.

  5- Co-factor for blood clot (activation of factor 10)
  6- Increase excitability of nerve & muscle:

     When Ca in plasma is decreased that will leads to increase in the Na permeability. If the decreased Ca becomes sever (Ca concentration is 6mg/dl) it will develop to tetanus (spontaneous contraction of skeletal muscle). But if the tetanus affect the respiratory muscles especially the larynx it will leads to spasm (involuntary muscular contraction), which causes closure of air way & death.

- Hypocalcaemia is more severe than hypercalcaemia

- Decrease in Ca concentration (hypocalcaemia) leads to hyper reflexia (low threshold).

- Increase in Ca concentration (hypercalcaemia) leads to hypo reflexia (high threshold). It will lead to cardiac arrhythmia, & it may lead to renal stones & peptic ulcer (more acid formation by the stomach).
- The plasma Ca level ranges between 9 & 10.5 mg/dl (2.1 & 2.6 mmol/L)
Types of Ca in the plasma
  1- 41% of the Ca is combined with the plasma proteins & in this form is nondiffusible through the capillary membrane. 

  2- 50% of the Ca is free, ionized & diffusible. It is important for most functions of Ca in the body. 

  3- 9% of the Ca is combined with anionic substances of the plasma & an interstitial fluid (like citrate, sulfate, & phosphate) is diffusible but it is not ionized.
 - If there is increase in the anions it will combine to the free ionized Ca which will cause hypocalcaemia in the plasma, which lead to tetanus.
- Plasma protein will not affect the ionized Ca if they are increased in number.

Effect of acid-base of Ca concentration
- In case of acidosis: Protein such as albumin will combine to the excess H ion. Then, the Ca that was combining to the proteins will be released. This will increase ionized Ca.
- In case of alkalosis: protein such as albumin will release the H ion connect to it, & they will combine to Ca which will decrease ionized Ca.
- In case of hyperventilation, respiratory alkalosis will happen which leads to decrease ionized Ca which causes tetany.

Sources of Ca
- The normal daily intake of Ca is 1000mg.

- 850-900mg is lost in feces & 100-150mg is lost in urine.

- Ca is found in: milk & milk products mainly.

Note: 

- Ca mainly is found (99%) in bone, tooth, .1% in extra cellular fluid, & 1% in intracellular fluid.

- If the patient has chronic acidosis it will causes weakness of the bones because of loss of carbonate to buffer the acidosis.

- If we want to control the phosphate we control it thru the kidney reapsorbition. But, Ca is by controlling the intestinal absorption by vitamin D.
Control of plasma Ca

1- Parathyroid hormone.

2- Calcitonin.

3- Vitamin D.

Parathyroid Gland

-4 small glands, found in the back of the thyroid gland.

- They are separated from the thyroid gland.

- If there is decrease in Ca; it will increase PTH.

   & if there is increase in Ca; it will decrease PTH.

   So, parathyroid hormone is hypercalcemic.

- The effect of parathyroid gland is a direct effect (chemical stimulation).

- Effect of parathyroid hormone:
   1- Increase bone resorpition (release of Ca from bones).
   2- Increase Ca reabsorpition by the kidney.

   3- Decrease phosphate reabsorpition by the kidney.

   4- Increase active form of vitamin D, which increase Ca reabsorpition in the intestine.

-Note: If there is increase in Ca & P reabsorpition. Than Ca will combine with P to be phosphated in the bone (in normal conditions). That why parathyroid hormones, if they are increased in case of decreased Ca tend to decrease the reapserbition of phosphate to prevent Ca reaction with P & deposition in bone.
Calcitonin (8th lecture)

- It secreted by parafollicular cell of the thyroid gland.

- Its stimulation is when Ca concentration is increased in plasma.

- It effects:

   In the kidney: decrease phosphate & calcium reabsorpition.

   In the bone it decrease bone resorpition.

   So it will causes increase in exceretion of P & Ca in urine, & decrease

   Ca release from the bones.

   So the overall effect is hypocalcemic.

Vitamin D

- It is taken in the diet or can be synthesized in the skin by ultraviolet light & 7 dehydrocholestirol .
- Vitamin D3 is activated by the liver & the kidney (by hydroxylation)

- In the liver: first hydroxylation to become 25-hydroxychole-calciferol (inactive).

- In the kidney: second hydroxylation to become 1,25-dihydroxychole-calciferol (active) by alpha hydroxylase.

Note:
- If there is decrease in plasma Ca this will lead to increase in the secretion of parathyroid hormone, & then increase in the activity of renal 1 alpha hydroxylase which will lead to increase the activity of vitamin D.

- Vit D: increases phosphate & Ca reapsorpiton in the kidney & intestine which will lead to increase in P & Ca in the plasma. It also promotes the effect PTH action on bone minimally which lead to bone resorpition.

- P can combine to Ca & be deposited in the bone which increases bone minerals.

- As what we mentioned above there are 2 opposite effects but the overall is to increase bone minerals.

- If there is deficiency of Vit D this will lead to decrease menaralization of the bones & this will make the bone fraction easy.

- If the deficiency of Vit D occur in children this condition is called rickets which charactized by:

1- bowlegged child: because of decrease menirals or weakness of the bone.

2- in the adult: it is called osteomalasia

  Which is ccharachtrized by:

    - weakness in legs & easly fractured
- pain in legs.

- causes of difiency of Vit D:

 1- dietry deficiency (because it found in milk & its products).

2- decrease intestinal absorption.

3- liver or kidney proplem (because of activate ion of Vit D).

Hypoparathyrodism:

- most common cause of it is accidental surgical removal of parathyroid gland.

- it may cause hypocalcemia which is life therting.

- there are 2 tests to know if there is removal of parathyroid hormone after surgry:

1- Chovestk’s sign:

  By tapping the fasial nerve in front of the ear & if there is contraction of fasial muscle due to decrease Ca level (hypocalcemia) that means that chovestk’s sign is +ve. & if it is –ve that means that the parathyroids are there.
2- Trossean’s sign:

By sphignomotor cugph & infelate it above systolic preture this will lead to isohemia to median nerve which will lead to flexion of wrist joint, thumb, & metacarbal joint & extension of phalenges. That means that trossean’s sign is +ve.

Hyperparathyrodism:

Causes: 1- adenoma of parathyroid gland which leads to:
                   - hyporeflexia                      - cardiac arresthmia

                   - peptic ulcer                       - renal stones

              2- increase bone resorption which leads to bone weakness

              3- excessive PTH for long period leads to decrease bone resorption so it will make the bone weak.
Osteoporosis:

- There is reduction on bone mass (decrease menirals & matrix).

Note: this is the opposite of osteomalasia which have decrease in menirals but not matrix.

- causes:
1- long term Ca deficiency.

2- immobilization of bone (due to paralysis or the bone in plaster..

3- weight lessness (due to not using the limps)

4- aging (especially females in postmanpous period due to)

     Decrease estrogen, you can give small amount of estrogen to post monopous females to prevent fractures & reduses the effects.

Paget’s disease:

- the proplem is an abnormality of bone remodeling.

- this is due to bone resorption & bone formation is abnormal.

- this is congenital proplem.

- it can effect any part of the bone.

- it will cause pain & fractures.

