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骨形成と骨吸収

Continuous PTH
Hyperthyroidism

Physiological (black) and pharmacological (pink) stimulators and inhibitors of 

Determinants of skeletal homeostasis and bone mass
(Harada & Rodan, Nature 2003)

bone formation and resorption



骨芽細胞と破骨細胞の
共同作業の場
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破骨細胞の骨吸収破骨細胞の骨吸収
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破骨細胞は細胞骨格により閉鎖腔破骨細胞は細胞骨格により閉鎖腔
を構成する
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破骨細胞により形成された
骨吸収窩骨吸収窩
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骨芽細胞・破骨細胞による骨の骨芽細胞・破骨細胞による骨の
リモデリングの進行リモデリングの進行
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Osteoblast parameter

Parameter; Bone Formation Rate (BFR); 骨形成速度
Mineral Apposition Rate (MAR); 骨石灰化速度Mineral Apposition Rate (MAR); 骨石灰化速度

MAR (μm/day)

Bone surface

Calcein
labelingMAR X days

(Parfitt et al., J. Bone Miner. Res. 1987)



Osteoblast parameter

BFR=MAR X (sLS/2+dLS) /BS (mm3/mm2/day)

BS; Bone surface

sLS; Single 
labeled surface
dLS; Double 
labeled surface

(Parfitt et al., J. Bone Miner. Res. 1987)



Osteoblast parameter

BFR=MAR X (sLS/2+dLS) /BS (mm3/mm2/day)

BS; Bone surface

sLS; Single 
labeled surface
dLS; Double 
labeled surface

(Parfitt et al., J. Bone Miner. Res. 1987)
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PropranorolPropranorol Prevented UnloadingPrevented Unloading--pp gg
Induced Repression of Bone FormationInduced Repression of Bone Formation

(%) ea

60 * 

at
io

n
iv

e 
A

re

40

or
m

a
 P

os
iti

*p<0.05
20

ul
e 

Fo
n 

R
ed

p
0

Load  Unload Load  UnloadN
od

u
A

liz
ar

i

Vehicle         Propranorol

N A



GuanethidineGuanethidine Prevented UnloadingPrevented Unloading--
Induced Repression of Bone FormationInduced Repression of Bone FormationInduced Repression of Bone FormationInduced Repression of Bone Formation
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Hind Limb UnloadingHind Limb Unloading

Sympathetic Nervous SystemSympathetic Nervous System
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Nagao et al.   PNAS 2011


