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[Growth Hormone (GH)

[The thyroid hormones (e.q. thyroxine)

[Testosterone -
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Thyroid gland
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/ > @ High level of Ca®* in blood € Low level of Ca®* in'blood

stimulates thyroid gland stimulates parathyroid gland
parafollicular cells to release chief cells to release more PTH.
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1. Osteoclasts break down
bone and release calcium
into the blood, and
osteoblasts remove PTH promotes and
calcium from the blood to calcitonin inhibits Ca2*
blood calcium levels by bv osteoclasts -l
indirectly stimulating e y .
osteoclast activity, PTH promotes Unabso
resulting in increased Ca?* reabsorption Caz2’lost in
calcium release into the - eces
blood. Calcitonin plays a roms the. urinq ' Ingested Ca* M \
minor role in calcium _ A
maintenance by inhibiting € | |
osteoclast activity.

Ca?* removed
from blood
osteoblasts

.4

Kidney
2. In the kidneys, PTH J,
increases calcium -
reabsorption from the Ca
K- :ﬁstthe | &) = &
VitaminD ™

3. In the kidneys, PTH also UYrine
promotes the formation X
of active vitamin D, which
increases calcium
absorption from the small

—intestine.

promotes Ca?" ), intestine
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Mutritional rickels: lack of
sunlight, lack of dietary
vitamin [ and Dy

Y

T-dehydracholesterol

skin
— |ltravioiet light

Cholecalaferol (vitamin D3)

Liver
— \itamin Dy-25 hydroxylase

Y
Calcidiol (25]0H]D3)
Kidney
Vitamin D-dependent o I5(0H)D - 1-a-hydroxylase
rickets, type | Y
Calcitriol (1,25[0H];D:}  Wiamin D-dependent rickets,
type Il affects receptors and
increases calcitriol.
Y

Effects of calcitrial

Intestines
Increased calcium absorption
Increased phosphorus absorption
Decreased magnesium absorption
Parathyroid glands
Decreased PTH synthesis
Decreased PTH secretion

Bone
Increased mineralization indirectly
wia increased calcium absorption
in intestinal lumen
At high doses: increased
osteoclastic bone
Kidmay
Autoregulation of caldtriol
praduction by the kidney

Both ergo-
calciferol and
cholecalciferol
are metabo-
lized in liver

HO' N VoH

1,25-dihydroxycholecalciferol

r 7-Dehydrocholesterol

Cholecalciferol
(vitamin D)

Y

&

Liver

Y
Y

Kidney

dietary intake

Vitamin Ds (fish, meat)
Vitamin D; (supplements)

1,25-dihydroxyvitamin D

Maintains calcium balance
in the body




Cell of origin
Chemical nature
Biosynthesis
Transport in the
circulation
Half-life

Factors affecting
release

Target cells or tissues
Target receptor
VWwhole body or tissue
action

Action at cellular

level

Action at molecular
level

Onset of action

Feedback regulation

Other information

Parathyroid Hormone (PTH)

Parathyroid glands
84d4-amino acid peptide

Continuous production, little
stored

Dissolved in plasma

Less than 20 minutes

l Plasma Ca“

Kidney, bone, intestine

Membrane receptor acts
via cAMP

T Plasma Ca“"

T Vvitamin D synthesis; T renal
reabsorption of Ca®"'; T bone
resorption

Rapidly alters Ca“ transport
but also initiates protein syn-
thesis in osteoclasts

2—3 hours for bone, with
iNncreased osteoclast activity
requiring 1—2 hours; 1—2 days
for intestinal absorption; within
minutes for kidney transport

Negative feedback by T
plasma Ca“

Osteoclasts have no PTH recep-
tors, so are affected by PTH-
induced paracrines. PTH is
essential for life; absence causes
hypocalcemic tetany.



Endogenous

Diet

precursors (fortified milk, fish

N
Sunlight on skin
N /

Vitamin D

v

Liver
v

25-hydroxycholecalciferol
(25(OH)D;)

1, 25-dihydroxycholecalciferol
(1,25(0OH),D5;, or calcitriol)

v

Bone,
distal nephron,
and intestine

oil, egg yolks)

KEY

Stimulus
Vitamin D pathway
Efferent pathway
() Effector
C:} Systemic response

Parathyroid Plasma
hormone Caz2+



Cell of origin

Chemical nature
Biosynthesis

Transport in
the circulation

Half-life

Factors affecting
release

Target cells or
tissues

Target receptor
Whole body or
tissue action

Action at
molecular level

Other information

Calcitonin

C cells of thyroid gland
(parafollicular cells)

32-amino acid peptide
Typical peptide

Dissolved in plasma

=10 Mminutes

T Plasma [Ca?®™"]
Bone and kidney

G protein-coupled
membrane receptor

Prevents bone resorption;
enhances kidney excretion

Signal transduction pathwvvways
appear to vary during cell
cycle

Experimentally decreases plasma
[Ca?*] but has little apparent
physiological effect in adult
humans; possible effect on skele-
tal development; possible pro-
tection of bone Ca?" stores
during pregnancy and lactation




Figure 6.12 Parathyroid hormone (PTH) control of bleod calcium levels.

—

Calcium hom tasis of blood: 9-11 mg/100 ml

BALANCE BALANCE

Stimulus

“"-}EM Falling blood
44'34‘ ‘Eii““ _ CaZ2* levels
NQE.
Thyroid
gland
Osteoclasts
degrade bone Parathyroid
matrix and release glands 5
Ca2* into blood. Parathyroid
glands release
parathyroid
hormone (PTH).
A PTH
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Parathyroid hormone

1,25 (OH)z D3 Oestrogen
Thyroid hormone/ Androgen
growth hormone Calcitonin
Cytokines
Stimulatory Inhibitory
— Precursor monotype/macrophage
&
Differentiation Resorption Reversal Formation
- > - = :
Fikilom ®® @ —— Precursor marrow stromal cell
.~ Differentiation
Recruitment
@&? Osteoclasts =

Chemotaxis?
Calcified Mechanical stimuli?

bori?\ \

Fig. 12.4 The bone remodelling cycle. (1,25 (OH), D = 1.25 dihydroxyvitamin D)
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