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Calcium homeostasis

Obijectives:

e List the functions of calcium

e Describe calcium metabolism

e Describe physiology of bone

e Understand and explain hormonal regulation of calcium metabolism
o Parathyroid hormone

o Calcitonin QGV‘Sed B,l/
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Distribution of Ca** in Body

Body Content and Tissue Distribution of
Calcium and Phosphorus in a Healthy

Adult
ECF Calcium Phosphorus
0'1V° Total Body Content 1,300 g 600 g
Relative Tissue Distribution
(% of total body content)
/ ICF Bones and teeth 99% 86%
1V° Extracellular fluid 0.1% 0.08%
. X Intracellular fluid 1.0% 14%
7——/ Endoplasmic Reticulum

99% Skeleton & Teeth

Distribution of Ca** in ECF/Plasma

e Total concentration of calcium in ECF =
o 9-10.5 mg/dl
o 5m mEqg/L
o 2.5 mmol/L

e Non Diffusible = 41% 50% 41%

® lefu5|ble — 59(% (1.2 mmol/L) (1.0 mmol/L)
o Complexed 9%
o lonized 50%

Calcium complexed to
anions 9% (0.2 mmol/lL)

lonized calcium Protein-bound calcium

Protein-bound calcium

e Most of this calcium is bound to albumin & much smaller fraction is

bound to globulin.

e Binding of calcium to albumin is pH-dependent.

e Acute respiratory alkalosis increases calcium binding to protein thereby
decreases ionized calcium level.

*

Alkalosis 'V lonized Ca%*

Acidosis /A lonized Ca%*


https://www.youtube.com/watch?v=EEM0iRJNhU8
https://www.youtube.com/watch?v=EEM0iRJNhU8
https://www.youtube.com/watch?v=EEM0iRJNhU8

Physiological Importance of Calcium

e Calcium salts in bone provide structural integrity of the skeleton.
e Calcium ions in extracellular and cellular fluids is essential to normal
function for the biochemical processes,

Second Neuromuscular

messenger Hormonal excitability
secretion

Blood Enzymatic

coagulation ot mesege regulation s

Calcium Source Absorption

Calcium_@ inside of @
Intﬁunes

Y W’@’ WM [

T Milk

Daily requirements

Recommended Daily Amount of Calcium

S

o 12.5-25mmol/day:  ioms so.roms sooms  1ocoms eome | ®  DUODENUM:
o Infants -~ 60 o Active transport
o Adults ® ‘: g " e Smallintestine
e 25-35 mmol/day 38 “ = | I o concentration
o Pregnancy e o e o) e gradient
o Lactating O 00 OBy gt Gl

o After menopause 3



Phosphate

e Phosphorous is an essential mineral e Forms:
necessary: for ATP and cAMP second Forms of Ca and Py in Plasma
messenger systems.

Protein

e Phosphate plasma concentration is lon  mg/dL lonized  Bound  Complexed

Ca 8.5-10.2 50% 45% 5%

around 4 mg/dL. P 3-45 84% 10% 6%
[ ] CalCl u m |S tig htly reg u I ated With Ca™ is bound (i.e., complexed) to various anions in plasma, including
. HCOs, citrate, and SO,*. P, is complexed to various cations, including
P h O S p h O ru S I n th e bOdy' Eraomarll(:)eri)en BM, Stanton BA. Renal Physiology. 4th ed. Philadelphia:

Mosby; 2007.
Bone Cells

Osteocytes W Osteoclasts W Osteoblasts W

4 It's an osteoblasts
surrounded by
calcified matrix

4 It's a bone forming
cells

0 It's a bone eroding
(resorping) cells
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Canaliculi Osteocyte Matrix

¢
~ \
Osteocyte: Mature bone cell - Osteoblast: Immaturebone
that maintains the bone matrix - i cell that secretes organic
X B\ / components of matrix

Osteoprogenitor cell

Osteoclast Matrix

Medullary LT ENRE Medullary
cavity » B 4‘ : cavity /@®
Endosteum 4

\N / @ iz
Osteoprogenitor cell: Stem cell
whose divisions produce osteoblasts

> - S Lz \z
Osteoclast: Multinucleate cell

that secretes acidsand enzymes
to dissolve bone matrix
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- Absorbed from intestine to blood only 350, remain 650 - will be excreted -
o U L elaa¥) (g i 1) pspedlS LiaS 4 (Y]
Gastric juices secreted Ca = 250 so the total now 650+ 250 = 900 excreted in the feces
Feces oe LilSs Y
Now we will explain how it will be excreted into urine = after secretion of 250 from -
1300 = remaining 1050 + 350 that have been absorbed = 1400 ( from this 1400
kidney will take only 9980 to filter it and reabsorb 9880 so the total amount excreted
now is =100 mg\da
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Bone cells :
- Osteoblast ( produce collagen)
- this Precipitate collagene called = osteoid
When osteoblast done from its function it’s trapped we called it = osteocyte
- Precipitate of calcium called = calcified bone matrix
- Function of the osteoclast is bone resorption = it means the Ca travel from bone to blood but
when we talk about Ca absorption from intestine to blood
Regulation of Ca: 9-10.5 (0.1%)

Hypocalcemia in blood :
Tetany , excitability of neuromuscular junction why ? when we have low Ca level the Na permeability
increase which lead to depolarize the cell then the cell become excitable

“High ca” Hypercalcemia in blood :
Decrease Na permeability , decrease Na permeability , the cell is less excitable .




Regulation of Calcium Level

Regulation of Plasma Calcium and Phosphate Concentrations:

e Non-Hormonal mechanisms can rapidly buffer small changes in plasma
concentrations of free calcium.

e Hormonal Mechanisms provide high-capacity, long-term regulation of
plasma calcium and phosphate concentrations.

Tetany 9-10.5 mg/dL Renal stone

Calcium Metabolism in an Adult Human

Calcium
intake Cells
(1000 mg/day) (13,000 mg)
Bone
(1,000,000 mg)
Absorption Deposition
350 mg/d 500 mg/da
(_ga»y) Extracellular (ll)
fluid
R —
Secretion {1300 mo) Resorption
(250 mg/day) (500 mg/day)
l Filtration Reabsorption
(9980 mg/day) (9880 mg/day)
Feces
(900 mg/day) _ | Kidneys 9-10.5 mg/dL
Urine
(100 mg/day)

Composition of Bones

Tensile strength Compression force

Composition of Bones

///\

Organic Matrix Mineral Salts
Ground .
Collagen Hydroxyapatite
Fibers (95%) Substances Syl Amorphous Salts
(5%) | |
(0) _10
ECF e 99% of total 0.4-1% of total

Ca*? salt Ca*? salt



Composition of Bones Cont.

(2) Bone Salts
e Hydroxyapatite crystals.
o Inthe form of Hydroxyapatite crystals Ca, (PO
e Mg, Na, K, Carbonate ions.
e Amorphous salts:
o A type of exchangeable calcium.
o Play role in rapid regulation of ionized Ca*? level in ECF.
o 0.4-1% of total bone Ca*2.
o Always in equilibrium with Ca*? in ECF.

Osteocytic—
osteoblastic bone
membrane

G

4)6(OH),

Osteoblast

Osteoblast
o =

Quter
surface

Central canal

== -
Lamellae

In canaliculi In central canal

Mineralized bone: Bone fluid:
stable pool of Ca?*| labile pool

(Bone
dissolution)

Fast

Osteocytic—-osteoblastic bone membrane
(formed by filmy cytoplasmic extensions of
interconnected osteocytes and osteoblasts)

O = = Membrane-bound
Ca?* pump

Three Hormones (That contribute to the Regulation of Calcium)

Vitamin D
Parathyroid .
Hormone Calcitonin

Ca+2
Level



Vitamin D

Vitamin D

1,25 Dihydroxycholecalciferol o
1.Intestinal tract 2.Renal 3.Bones
Has a potent effect Increases Renal
to increase calcium calcium and Bone absorotion
& phosphate Phosphate P
absorption absorption

\l/

Increase calcium
blood level

4 stimulates differentiation of
immune cells.

Sunlight b
Skin

7-Dehydrocholesterol

Cholecalciferol
(vitamin D3)

dietary intake

Vitamin Ds (fish, meat)
Vitamin Dz (supplements)
Liver

25-hydroxyvitamin D,

. 1,25-dihydroxyvitamin D
. Maintains calcium balance
Kidney

in the body

1a-hydroxylasde




Effects of Vitamin D on Bone

Vitamin D

& lts Relation to Parathyroid Hormone Activity

Vitamin D in smaller quantities :

Promotes bone calcification by 1 calcium and phosphate

Ca+2
Level

absorption from the intestine and enhances the

mineralization of bone.

The administration of extreme quantities of vitamin D

causes absorption of bone:
o By facilitating PTH action on bones.

o Number & activity of osteoclasts.

Control of Vit D

Low Ca*?

. PTH
ions

Prolactin

All stimulate renal
1,alpha hydroxylase.

¥ Plasma calcium
A Plasma PTH

Regulation of
calcium level

4 Renal 10-hydroxylase activity

41,25-(OH), D3 formation

A Plasma
1,25-(OH), D3

Kidneys

A Phosphate
reabsorption

4 Calcium
reabsorption

Intestine

4 Phosphate 4 Calcium

¥ Urinary excretion
absorption absorption

of phosphate

Y

¥ Urinary excretion

Bone

promotes PTH
action

of calcium

Skin
Cholecalciferol (vitamin Dj)
Liver
€ ——mmm—————— )
: Inhibition
25-Hydroxycholecalciferol « = = = = 4
Kidney
Activation Parathyroid |
hormone
‘ ' A PR AR
1,25-Dihydroxycholecalciferol f
]
Intestinal :
epithelium :
]
¥ Y Y i
Calcium- Calcium- Alkaline :
binding stimulated phosphatase :
protein ATPase J ]
L | !
Inhibition

Plasma calcium ion concentration

| 4 Plasma phosphate | | 4 Plasma calcium

|

Intestinal absorption of calcium

|



Parathyroid hormone (PTH)

Source: Parathyroid gland
Polypeptide hormone: (84 AA)
Molecular Weight: 9500

Half Life: 10 min

Overall Effect:

1 plasma Ca™* level

| phosphate level -
Mechanism of action: acts via 2nd Saa| | C
messenger mechanism utilizing cAMP '

Thyroid gland

Parathyroid gland

(located on posterior PTH
side of the thyroid

gland)

Ca+2
Level

Oxyphil cell

Red blood cell

o =
© o N
Phosphate (mmol/L)

Act on
Figure 79-10
Intestine Bones Kidney
! | !
1 absorption of calcium Increase calcium resorption | Phosphate
and phosphate indirectly from the bone via: reabsorption from the
through stimulating 1.  Stimulates the proximal convoluted
formation of formation of new tubules (phosphaturic
1,25 - (OH),-D3 in kidney osteoclasts action). Leading to :
2. Depression of TPhosphate excretion in
osteoblastic activity the urine
3. Activation of | plasma phosphate
osteoclasts concentration
1 Ca*? & Mg ions
Effect of Calcium level on PTH GELEEA I
distal convoluted
tubules, collection ducts
t and ascending loop of

Parathyroid gland
Henle. - _
1 Formation of 1,25 vit
4 Plasma PTH D3 in the kidney.

Caldumin

Kidneys
¥ Phosphate 4 1,25-(OH), D3
reabsorption formation
4 Calcium

Bone
4 resorption

reabsorption
*
A Urinary excretion A Plasma . "
of phosphate 1,25-(OH), D3 Kidne | .
Y 1. Returns Caldum T
¥ Urinary excretion 4 Release of calcium < .
of calcium into plasma Parathyroid 2. Makes Vit D3 oot
Glands .
Intestine 4 AR
A Calcium absorption Intestines Absorb
More Calcium
\ 4 \ 4 \ 4 10

| ¥ Plasma phosphate | | 4 Plasma calcium |




Calcitonin

Calcitonin

o Source Secreted by the
parafollicular cells (C cells) of the
thyroid gland.

o Natur 32 amino acid peptide.

©  Function
| blood Ca*? level very rapidly
within minutes.

(Opposite effect to PTH)

o  Stimulus for secretion Increased

plasma calcium concentration

Ca+2
Level

Thyroid
follicle

tissue

C cells secrete
calcitonin, =

AC1- i o n S O'F C CI I C i 1-0 n i n Follicular celss;ec;ei i Cr;lloid isa

thyroid hormone. glycoprotein.

On bone
® 1Ca*? deposition of bone

@ Inhibits Bone resorption via:
o Inhibition of osteoclasts
o | formation of osteoclasts
On kidney
o || Ca** reabsorption P
o 11 Ca*™" excretion (in addition to
phosphate)

i
v L F
1
——
L

Thyroid C cells

| |
Effect of Calcium level on Calcitonin
| A Plasma calcium |

Parafollicular cells
A CT secretion

O

i i

Thyrold gland Caicitonin

releases

calcitonin. d(’

4 i Reduces

Stimulates 7 Ca?* uptake
Ca?* deposition in kidneys
in bones “ 4

A Plasma CT H

STIMULUS: Blood Ca2*
Rising blood level declines
Ca?* level to set point
Kidneys
v Phosphgte v Calcium Bone (.b?,'.‘.’ffocn',;ZmL)
reabsorption reabsorption ¥ resorption
Blood Ca2* STIMULUS:
level rises Falling blood
to set point Ca?* level

Stimulates  Parathyroid @
Ca2* release gland ~__,
from bones 2o e

Al SR

4 Urinary excretion 4 Urinary excretion ¥ Calcium
of phosphate of calcium release

— V&/
Ca?* uptake /
in intestines Active Stimulates Ca2*

| ¥ Plasma phosphate | | ¥ Plasma calcium | vitamin D UPtake in kidneys




Summary

Calcium salts in bone provide Structural integrity of skeleton.
Calcium ions: Blood coagulation - 2nd messenger - Hormonal secretion -
Enzymatic regulation - Neuromuscular excitability

Increases calcium binding to protein.
lonized Ca levels Decrease

Non-Hormonal mechanisms can rapidly buffer small changes in plasma

concentrations of free calcium.

Hormonal Mechanisms provide high-capacity, long-term regulation of

plasma calcium and phosphate concentrations.

Alkalosis

Less leads to

Tetany 9-10.5 mg/dL

| blood Ca+2 level very | In small quantities: it
rapidly within minutes. | Promotes bone calcification

(Opposite effect to

PTH)

In Extreme quantities: it
causes absorption of bone
by enhancing effect of PTH
and increasing number &
activity of osteoclasts

lCaions - Prolactin- PTH
All stimulate 1,alpha
hydroxylase

Acidosis
Decreases Calcium binding to proteins.
lonized Ca levels Increase

More leads to
Renal Stones

1 plasma Ca++ level
| phosphate level

12



Questions

MCQs

A) Conversion of cholesterol to
25-hydroxycholecalciferol

B) Conversion of
25-hydroxycholecalciferol to 1,25-
dihydroxycholecalciferol

C) Transport of calcium into the
extracellular fluid

D) Storage of vitamin D3 in the liver

A) controls the rate of
25-hydroxycholecalciferol formation
B) controls the rate of calcium
transport in the mucosa of the small
intestine

C) controls the rate of formation of
calcium binding protein

D) controls the rate of formation of
1, 25-dihydroxycholecalciferol

A) Increase in extracellular
phosphate ion activity

B) Increase in extracellular pH
C) Decrease in extracellular Pco?2

D) All of the above

A) Decrease in calcitonin
concentration in the plasma

B) Increase in phosphate ion
concentration in the plasma

C) Decrease in the plasma level of
parathyroid hormone

D) Metabolic alkalosis

A) Increase in calcitonin
concentration

B) Respiratory acidosis

C) Increased secretion of
PTH-releasing hormone from the
hypothalamus

D) None of the above

A) A diet low in Ca2+
B) Hypocalcemia

C) Chronic renal failure
D) Hyperparathyroidism
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